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A
56-year-old right-handed
man with a history of alcohol
abuse and depression was
found unresponsive at a near-
by park and brought to the

Emergency Department. Over the next
few hours, his mental status improved,
but he could not recall what had hap-
pened in the park. He also complained of
blurred vision; objects were not staying
still and appeared as if they were “jump-
ing up and down.” Closing either eye did
not relieve the symptoms. 

On admission, his vital signs were as
follows: rectal temperature was 92.1°
Fahrenheit, pulse was 65 and regular,
blood pressure was 120/70, and his respi-
rations were normal with good oxygen
saturation. His neurologic exam was
notable for decreased recall. He also had
vertical nystagmus in primary gaze and
with vertical eye movements, as well as
bilateral horizontal nystagmus with hori-
zontal eye movements. On sensory exam-
ination, he had decreased pinprick, vibra-
tion and proprioception in the distal por-
tions of his extremities. Gait was wide-
based and ataxic. 

Initial labs demonstrated an alcohol
level of 15mg/dl and a negative urine
drug screen. Head CT did not show any
abnormalities. Brain MRI showed faint
enhancement along the medial thalami.
Given the clinical signs and the patient’s
alcoholism, the radiographic findings
were most suspicious for Wernicke
encephalopathy. The patient was imme-
diately started on parenteral thiamine. 

The Thiamine Connection
Wernicke encephalopathy was first
described by German physician Carl
Wernicke in 1881. He observed a num-
ber of patients who had sudden onset of
weakness of eye movements, ataxia and
confusion. In 1935, Frank Strauss was
the first to relate the clinical findings to a
vitamin deficiency.1 It was not until the
1940s, though, that the clinical and
pathologic findings were reproduced in
animals and humans fed a thiamine-defi-
cient diet.2

Thiamine, or vitamin B1, is a water-
soluble vitamin that is absorbed by active
transport and passive diffusion in the
proximal gastrointestinal tract.3 It is
transferred across the blood brain barrier
and its predominant form in the brain is
thiamine pyrophosphate.4 It is a cofactor
for several enzymes involved in the
metabolism of carbohydrates and energy
production. These reactions include the
oxidation of pyruvate to acetyl coenzyme
A, oxidation of alpha-ketoglutarate in the
citric acid cycle, and the formation of
hexose monophosphates in the pentose
phosphate pathway. In the setting of a
large glucose load, thiamine deficiency
could cause cell death by a number of
proposed mechanisms, including lactate
accumulation, and glutamate accumula-
tion leading to excitotoxicity in neurons.5

Thiamine cannot be produced by the
body. It must be acquired in the diet, in
foods such as lean meat, fish, pasta,
whole grains, soybeans, and dried beans.
Dairy products, fruits and vegetables
contain very little thiamine. The body
can store up to 25-30mg of thiamine,
mainly in brain, skeletal muscle, heart,

liver and kidneys. With inadequate
intake, it can be depleted in two to three
weeks.6

Thiamine deficiency can be seen in
several conditions. Chronic alcoholism
accounts for deficiency in greater than 90
percent of cases in developed countries.7

The combination of poor nutrition in
alcoholics, as well as impaired absorption
of thiamine due to alcohol accounts for
the increased risk of thiamine deficiency
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Table 1. Differential Diagnosis 
Vascular

• Ischemic stroke

• Vertebral-basilar insufficiency

Infectious

• Brainstem encephalitis

Toxins

• Alcohol

• Cocaine

Neoplastic

• Lymphoma

• Carcinomatous meningitis

Metabolic

• Hyponatremia

• Central Pontine Myelinolysis

• Thiamine Deficiency (vitamin B1)

• Cobalamine Deficiency (vitamin B12)

Inflammatory

• Limbic encephalitis

• CNS vasculitis
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in alcoholics. Also, there might be
impaired utilization of any thiamine that
is absorbed due to coexisiting deficiencies
of other substances needed for thiamine
to function, such as magnesium.
Impaired thiamine phosphorylation in
people with liver cirrhosis has also been
proposed as a reason for increased inci-
dence of Wernicke encephalopathy in
alcoholics.8 Primary gastrointestinal dis-
ease, such as inflammatory bowel disease,
can also cause thiamine deficiency due to
malabsorption. 

Wernicke encephalopathy has also
been observed following bariatric surgical
procedures, which is becoming more
popular with the rise of obesity in the
US. Signs and symptoms tend to appear
four to 12 weeks post-operatively, but can
appear as early as two weeks to as late as
18 months.9-11

Wernicke encephalopathy can also be
seen in cancer patients. This is likely due
to the high requirement for thiamine in
rapidly dividing cells, as well as poor oral
intake in cancer patients.12 One study has
found a higher urinary excretion of thi-
amine in patients with breast and
bronchial cancers.13 Conditions that
cause excessive vomiting, such as anorex-
ia nervosa and hyperemesis gravidarum
can also cause thiamine deficiency and
precipitate Wernicke encephalopathy.14

In developed countries, pediatric cases
of Wernicke encephalopathy is rare. In
developing countries, thiamine deficien-
cy can occur in primarily breast-fed
infants, usually in the second to fifth
months of life.15 In 2003, an epidemic
developed in Israeli infants fed a defec-
tive, thiamine-deficient, soy-based for-
mula.16 Gaze abnormalities occurred in a
number of infants who presented to
neighboring health clinics, and a group of
astute neuro-ophthalmologists led to the
unraveling of the epidemic. Interestingly,
20 out of 3500 infants given the formula
actually became symptomatic, leading to
the question of genetic susceptibility for
symptomatic thiamine deficiency. 

Clinical Presentation
The clinical signs of Wernicke enceph-
alopathy include the classic triad of ocu-
lomotor dysfunction, gait ataxia, and
altered mental status. Oculomotor dys-
function commonly manifests as vertical
and/or horizontal nystagmus, lateral rec-
tus palsy, or conjugate gaze palsy.14 Gait
ataxia can arise from cerebellar involve-
ment, vestibular dysfunction, and
peripheral neuropathy. Altered mental
status seen in Wernicke encephalopathy
can range from confusion to stupor and
coma. Hypotension and hypothermia
have also been reported to occur in this
disease.17

The classic triad of signs is not always
present. In one study of 131 cases of
Wernicke encephalopathy diagnosed at
autopsy, only 16 percent had the full
triad of symptoms.18 In an autopsy series
of 106 alcohol abusers, the presence of
two of any of the following four criteria
was diagnostic of Wernicke encephalopa-
thy: dietary deficiency, oculomotor
abnormalities, cerebellar dysfunction,
and altered mental status or memory
impairment. The diagnostic sensitivity
was increased to 85 percent when using
these criteria, called the Caine criteria, as
compared with a 22 percent diagnostic
sensitivity for the classic triad.19

Wernicke encephalopathy and

Korsakoff psychosis were initially
described as two separate entities, but
now considered as two phases of the
same syndrome. Wernicke encephalopa-
thy is an acute, potentially reversible dis-
ease with specific neurologic signs and
symptoms, whereas Korsakoff psychosis
is a chronic neuropsychiatric condition
with defective learning (anterograde
amnesia), short term memory loss (retro-
grade amnesia), and confabulation.17

The diagnosis of Wernicke encepha-
lopathy is largely made based on clinical
presentation; however, there are tests
available to practitioners. Serum thi-
amine level is not useful as blood con-
tains 0.8 percent of total body thiamine
stores and serum concentration of thi-
amine in deficient patients is often too
low to quantify. One can test for erythro-
cyte transketolase activity (ETKA). A
baseline ETKA is measured and then
supplemental thiamine is given and
ETKA is measured again. If there is a
greater than 25 percent increase in activ-
ity after the addition of thiamine, then
severe deficiency has been demonstrat-
ed.20 Increased serum pyruvate and lac-
tate are also biomarkers for thiamine
deficiency. A trial of supplemental thi-
amine is probably still the best test, espe-
cially since there is no known toxicity.

Neuro-imaging studies can be helpful
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Key Points 

• Wernicke encephalopathy classically consists of a triad of oculomotor dysfunction, ataxia,
and altered mental status. Very few patients have all three symptoms.

• It is most commonly encountered in the alcoholic patient, but should be considered in
those with cancer, a history of bariatric surgery, gastrointestinal disease, or diseases with
excessive vomiting.

• Parenteral thiamine should be administered before any glucose load is given to a patient
who is at risk for Wernioke encephalopathy to avoid precipitating the symptoms.

• MRI of the brain with contrast is the imaging modality of choice; lesions are typically seen
in the periventricular area surrounding the third ventricle, including the mammillary bod-
ies, medial thalami, and periaqueductal gray.



in making the diagnosis. Computed
tomography scan can be useful in cases of
hemorrhagic lesions, but is otherwise
unreliable.21,22

Magnetic resonance imaging has
much higher sensitivity than CT. T2 and
FLAIR show symmetrically increased sig-
nal intensity in characteristic areas such
as the mesencephalic tegmentum, mam-
millary bodies, medial thalamus, hypo-
thalamus, periaqueductal gray, and supe-
rior cerebellar vermis because necrosis of
neurons and myelinated structures com-
monly occurs in these locations.22

Gadolinium enhancement might appear,
but is not reliably present.23 Restricted
diffusion on diffusion weighted imaging
(DWI) with corresponding low apparent
diffusion coefficient (ADC) signal has
been observed, suggesting that cytotoxic
edema also plays a role in the disease.
Follow-up imaging in the chronic stage
might not show persistent T2, FLAIR, or
DWI abnormalities; however, patients
often still have clinical sequelae.24

Treatment involves hospitalization
and immediate intravenous thiamine
100mg daily for a few days.17 If fluids
with supplemental glucose is necessary, it
should only be given after thiamine has
been administered. Maintenance oral
doses of thiamine 50-100mg daily
should be continued for a few weeks,
until proper nutrition can be ensured.17

Magnesium and other vitamin levels
should also be checked and corrected
appropriately. 

Overall, the prognosis for these
patients is good. Ocular motility is often
restored within hours of thiamine
replacement.25 Chronic nystagmus and
ataxia has been documented in approxi-
mately 60 percent of cases.26

Wernicke encephalopathy is a poten-
tially fatal condition; fortunately, it is
reversible condition if diagnosed and
treated properly. It is thus important for
the clinician to have a solid understand-
ing of this disease and the necessity for
acute intervention. PN
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