Wernicke encephalopathy in children and adolescents
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Background: Wernicke encephalopathy is caused by
thiamine (vitamin B1) deficiency. It is generally considered
to be a disease of adult alcoholics. However, it is known
to occur in the pediatric population and in non-alcoholic
conditions.

Data sources: We searched PubMed with the key words
Wernicke, thiamine, pediatric, children and adolescents and
selected publications that were deemed appropriate.

Results: The global prevalence rates of hunger, poverty
and resultant nutrient deprivation have decreased in
the 21st century. However, several scenarios which
may predispose to Wernicke encephalopathy may be
increasingly prevalent in children and adolescents such
as malignancies, intensive care unit stays and surgical
procedures for the treatment of obesity. Other predisposing
conditions include magnesium deficiency and defects in the
SLCI19A43 gene causing thiamine transporter-2 deficiency.
The classic triad consists of encephalopathy, oculomotor
dysfunction and gait ataxia but is not seen in a majority
of patients. Treatment should be instituted immediately
when the diagnosis is suspected clinically without waiting
for laboratory confirmation. Common magnetic resonance
findings include symmetric T2 hyperintensities in dorsal
medial thalamus, mammillary bodies, periaqueductal gray
matter, and tectal plate.

Conclusions: Wernicke encephalopathy is a medical
emergency. Delay in its recognition and treatment may
lead to significant morbidity, irreversible neurological
damage or even death. This article aims to raise the
awareness of this condition among pediatricians.
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Introduction
ernicke encephalopathy is a neurological
\"/ complication of thiamine (vitamin B1)
deficiency. Carl Wernicke!" first described
it in 1881 as an acute encephalopathy with oculomotor
dysfunction and ataxia in 3 adult cases, 2 of which were
in the context of chronic alcoholism. More than 100 years
after this initial report, the clinical characterization of
Wernicke encephalopathy has not changed significantly
and it continues to be associated with alcoholism.
However, over the years it has become apparent that the
classical triad of Wernicke encephalopathy is not present
in all patients. The condition is now known to occur
in the pediatric population due to etiologies other than
alcoholism. We searched PubMed with the key words
Wernicke, thiamine, pediatric, children and adolescents
and selected publications that were deemed appropriate
for this review.

Pathophysiology
Thiamine acts as a cofactor for various enzymes in
the carbohydrate metabolism including transketolase,
alpha-ketoglutarate dehydrogenase, pyruvate
dehydrogenase and branched chain ketoacid
dehydrogenase complex.”™’! Thiamine requirement
depends on metabolic rate and rises during high
metabolic demand including after heavy glucose
intake. Thiamine deficiency is hypothesized to
cause neuronal injury in brain regions with high
metabolic requirements. Various genetic factors
have been described which increase susceptibility
to the development of Wernicke encephalopathy in
appropriate clinical settings, for example, decreased
affinity of transketolase toward thiamine."™”!
Neuropathological studies have demonstrated
that lesions occur in a characteristic and symmetric
distribution in Wernicke encephalopathy. The
lesions involve medial thalami, mammillary bodies,
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hypothalamus, colliculi, periaqueductal gray substance
and the floor of the fourth ventricle in the upper pons
and medulla oblongata to varying degrees depending
on the severity.”” Vascular congestion and petechial
hemorrhage characterize acute lesions while chronic
lesions demonstrate gliosis, destruction of neuropil and
neuronal loss.

Incidence

Pediatric Wernicke encephalopathy is known to be
an underdiagnosed condition."”’ It is estimated that
about one third of pediatric patients with Wernicke
encephalopathy may be diagnosed only by postmortem
examinations.”® Although no studies have been
performed, the incidence in the pediatric population is
hypothesized to be very similar to that in adults."’

Associated conditions

The literature describes various clinical scenarios
as predisposing conditions in pediatric Wernicke
encephalopathy, mostly in the form of case reports or
small case series. The awareness of these conditions
will help clinicians maintain a high index of suspicion
for thiamine deficiency as a possible cause of
encephalopathy in such patients.

Several cases of Wernicke encephalopathy in infants
and young children have been reported secondary to
inadequate dietary intake and thiamine deficiency."*"”
Inadequate dietary intake induced thiamine deficiency
may be due to economic reasons, though the likelihood of
this has significantly decreased in the developed world."”
Other reported etiologies for dietary deficiency include
starvation in anorexia nervosa and other psychiatric
disorders."*"” In an otherwise healthy individual, body's
thiamine reserve is adequate for up to 18 days. Wernicke
encephalopathy occurs in as little as 2-3 weeks of
unhealthy dietary practices, earlier in those with less than
optimal stores."” Thiamine enrichment of rice and grains
in many parts of the world has lowered the incidence of
thiamine deficiency. Commercially available formulas
have an adequate amount of thiamine and the content is
often higher when compared to human milk.""

Gastrointestinal disorders and surgeries particularly
during the postoperative period increase the risk of
thiamine deficiency due to various factors such as poor
oral intake, vomiting, diarrhea and malabsorption.
Wernicke encephalopathy has been reported in
the pediatric population in association with liver
disease, necrotizing enterocolitis, food allergy,
bowel obstruction and perforation, Crohn's disease,
pancreatitis and pyloric stenosis.'*"**"! Any surgical

procedure leading to resection or bypass of a part of the
gastrointestinal tract increases the risk of micro-nutrient
deficiency. Wernicke encephalopathy is a known
complication after surgical procedures for treatment
of obesity in young adults. No published reports of
such occurrences in the pediatric population exist.
However, this scenario is likely to change as the rates
of surgical interventions for obesity in adolescents have
significantly increased in recent years.

Several types of cancers have been associated
with Wernicke encephalopathy. Factors including
increased consumption of thiamine by rapidly growing
cancer cells, chemotherapeutic agent interference
with function of thiamine, poor intake, vomiting
and liver disease leading to decreased conversion of
thiamine contribute to the active metabolite thiamine
pyprophosphate. Cancers in children that have been
associated with Wernicke encephalopathy include
acute lymphoblastic leukemia, acute mixed lincage
leukemia, acute myeloid leukemia, germ cell tumor
and osteosarcoma.””?* Wernicke encephalopathy
is considered to be a predominant complication in
children undergoing chemotherapy or hematopoietic
stem cell transplantation.”"

Wernicke encephalopathy has been documented
in pediatric acquired immunodeficiency syndrome,
hypothesized to be due to cachexia and catabolic state.
Prolonged infectious illnesses including tuberculosis
also predispose to thiamine deficiency due to poor
oral intake and increased demands."*’’ Wernicke
encephalopathy has been reported in the pediatric
population with nephrotic syndrome and end stage renal
disease requiring dialysis.”**”

Administration of parenteral nutrition without
proper supplementation with thiamine has been widely
reported as a cause of Wernicke encephalopathy
especially in patients who require prolonged intensive
care.”™* Global shortage of multivitamin has led to
discontinuation of routine thiamine administration with
total parenteral nutrition and in susceptible individuals.
This practice has precipitated Wernicke encephalopathy
because of use of glucose containing solutions.”**" It
has been postulated that the intermittent shortage of
intravenous formulation of thiamine may in part be due
to low price, miniscule commercial promise and resultant
production by very few pharmaceutical companies.
Oral supplementation when intravenous form is in short
supply may not be adequate as absorption is poor. Stores
may be further compromised in cases of co-existent poor
appetite, vomiting, malabsorption or non-compliance.
Refeeding in the form of oral, tube or parenteral nutrition
may precipitate Wernicke encephalopathy if carbohydrate
rich administration is unaccompanied by thiamine
supplementation because of resultant higher metabolic
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rate and requirement.

Magnesium acts as a cofactor and is required in
proper catalytic action of transketolase. Magnesium
deficiency may lead to poor response to thiamine
administration in Wernicke encephalopathy.”” Typically
seen in alcoholics and in the elderly, this deficiency
may also occur in diseases that affect children such as
Crohn's disease.

Thiamine transporter-2 deficiency is a rare
autosomal recessive disease caused by mutations in the
SLC1943 gene.™ Mutations in the thiamine transporter
gene have been associated with episodes of Wernicke
like encephalopathy syndrome though the most typical
presentation is a biotin-responsive basal-ganglia disease
characterized by sub-acute encephalopathy with rigidity
and dystonia.>"

Clinical features

The common presenting clinical features include
alteration of sensorium, oculomotor dysfunction with
ophthalmoplegia and gait ataxia. However, this classic
triad will not present completely in a majority of
patients with Wernicke encephalopathy. The diagnosis
of Wernicke encephalopathy may be delayed in the
absence of the clinical triad in a non-alcoholic pediatric
patient unless a high index of suspicion is maintained in
predisposing scenarios when one or more features of the
triad are present. Uncommon presenting features which
are not specific to this condition include hypotension,
tachycardia, hypothermia, bilateral visual disturbances,
papilledema, sluggish pupillary reaction, anisocoria,
mydriasis, hypotonia, absence of deep tendon reflexes,
tremor, seizures including status epilepticus, hearing
loss, hallucinations and behavioral disturbances. Late
stage features include hyperthermia, hypertonia, paresis,
dyskinesia, coma, and death."****"

Korsakoff syndrome is due to more chronic
deficiency of thiamine and is characterized by
anterograde and retrograde amnesia, confabulation,
apathy, lack of insight and minimal content in
conversation. It is classically seen in adult alcoholics
and has never been reported in pediatric patients.

Laboratory investigations

The most reliable method to establish thiamine
deficiency is by measuring erythrocyte transketolase
activity (baseline and after addition of thiamine
pyrophosphate). In patients with severe thiamine
deficiency, erythrocyte transketolase activity is low
and increases 25% or more after addition of thiamine
pyrophosphate.”’?"! Blood thiamine levels are less

reliable but more readily available.*” Institution of
treatment with thiamine before drawing blood levels
contributes to a paucity of available literature of laboratory
data in pediatric Wernicke encephalopathy.””’ A report
out of Israel on an epidemic of 9 children with
thiamine deficiency due to the use of a defective soy-
based formula utilized 15% as the cut off for thiamine
pyrophosphate effect.”*'! Of these 9 children, only
3 had clinical signs of Wernicke's encephalopathy.
The levels of thiamine pyrophosphate effect in these
patients did not correlate well with the severity of
clinical manifestations. All 3 patients with Wernicke
encephalopathy in this series had elevated blood lactate
levels. Two patients also had elevated cerebrospinal
fluid lactate levels. Hyponatremia has been reported in
patients with pediatric Wernicke encephalopathy. Mild
pleocytosis or mild elevation of protein in cerebrospinal
fluid may also be present.”*"! It should be emphasized
that once suspected clinically, Wernicke encephalopathy
should be treated immediately without waiting for the
results of laboratory investigations as the diagnosis is
not dependent on them in appropriate clinical scenario
especially if neuroimaging findings also correlate.

Radiological findings

Characteristic radiological findings in pediatric patients
with Wernicke encephalopathy have been described
extensively in the literature due to wider availability
of magnetic resonance imaging in recent years. The
sensitivity of brain computed tomography is low
compared to magnetic resonance imaging. Magnetic
resonance imaging commonly demonstrates symmetric
T2 hyperintensities in dorsal medial thalamus,
mammillary bodies, periaqueductal gray matter, and
tectal plate."") Atypical findings include involvement
of the cerebellum, cranial nerve nuclei, red nuclei,
dentate nuclei head, splenium, fornix, and cerebral
cortex. Low signal intensity alterations may be seen
on T1 sequences. Diffusion restriction likely results
from demyelination and necrosis with the development
of cytotoxic edema. The lesions may enhance with
gadolinium contrast. Contrast enhancement of
mammillary bodies which is characteristic in Wernicke
encephalopathy due to alcohol abuse occurs less
frequently in the nonalcoholic population.”™” In recent
years, the diagnosis of Wernicke encephalopathy
has often come to light from the magnetic resonance
imaging findings.">**" Magnetic resonance imaging
abnormalities may resolve after successful treatment
though persistent signal abnormalities have been
reported.”"*’ Cortical lesions on imaging have been
associated in some patients with irreversible injury
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Fig. Symmetric findings on magnetic resonance imaging in Wernicke encephalopathy with arrows pointing toward the abnormalities. A:
hyperintensities on T2 fluid attenuated inversion recovery sequence in the thalami; B: diffusion restriction in the thalami; C: hyperintensities along

the posterior margins of medulla oblongata.

and poorer outcome.”* Use of magnetic resonance
spectroscopy has shown a large lactate doublet,
decreased N-acetyl aspartate to creatinine ratio and
elevated choline to creatinine ratio."”*" Fig. shows
symmetric magnetic resonance imaging findings in a
patient with Wernicke encephalopathy. Fig. A shows
symmetric hyperintensities on T2 fluid attenuated
inversion recovery sequence in the thalami. Fig. B
shows the same lesion in the thalami with restricted
diffusion. Fig. C shows hyperintensities along the
posterior margin of medulla oblongata.

Treatment

Wernicke encephalopathy is a neurologic emergency.
Once suspected, treatment should be instituted
while confirmatory test results are awaited. Typical
treatment for adults includes 500 milligrams thiamine
(dissolved in 100 milliliters of normal saline or 5%
dextrose to be given over 30 minutes) 3 times daily
for 2-3 days followed by lowering of the dose to
250 milligrams daily for 3-5 additional days or until
no further improvement is noted.”” Patients should
be followed with continued assessment of need for
ongoing thiamine supplementation. The use of normal
saline or 5% dextrose to dilute thiamine decreases the
likelihood of a rare anaphylactic reaction. Nevertheless,
provisions to treat anaphylactic reaction must be
available when administering intravenous thiamine.
Reports have shown significant dosing differences in
the pediatric population and treatment varies according
to associated conditions. In the infants identified in an
Israeli epidemic, treatment with 50 milligrams daily led
to improvement.*" The infant with thiamine transporter
deficiency was initiated on 100 milligrams thiamine
daily and subsequently maintained on 20 milligrams
per kilogram per day after genetic confirmation
was obtained.”” A 10-year-old girl with Wernicke
encephalopathy secondary to food refusal responded

well to 100 milligrams intravenously daily and was
treated for a total of 14 days with almost complete
neurologic recovery.””) It is of utmost importance that
glucose administration should never precede treatment
with thiamine. Co-existent severe magnesium deficiency
must be treated to prevent a poor response to thiamine.
Deficiency of other vitamins including niacin and
hyponatremia if present should also be addressed.
Medical literature suggests that pediatric patients at risk
for thiamine deficiency be supplemented with 0.35-
0.5 milligrams per kilogram per day of oral thiamine to
prevent development of encephalopathy.”” However,
only 4.5 milligrams from an oral dose is absorbed and
hence parenteral administration may be preferred and
advisable. Children with malignancies are a high risk
group for the development of Wernicke encephalopathy
and could be given excessive supplementation. However,
this practice remains controversial as large amount of
thiamine is not considered to be completely harmless in
these children and may promote tumor cell growth. It is
difficult to make specific recommendations regarding
the treatment of Wernicke encephalopathy in children
because of a paucity of the literature. However, the
adult dosing mentioned above may be useful in treating
adolescents especially those approaching adult weight.

Prognosis

Early diagnosis and emergent treatment improve
chances of long-term recovery. Conversely, a delay
in diagnosis and treatment may lead to irreversible
neurological deficits, morbidity and even death. Data
suggest that half to two-thirds of those who are
treated and survive will have a complete neurologic
recovery.™'! Even those who are comatose on
presentation may make a significant recovery with
appropriate treatment. Residual deficits described
in the literature include truncal ataxia, gait ataxia,
nystagmus, memory deficits, ophthalmoparesis,
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hypotonia, hypertonia, dystonia, muscle weakness and
developmental delay.

Conclusions

Wernicke encephalopathy in the pediatric population is
a treatable but underdiagnosed condition with potential
for complete reversal of neurologic manifestations
upon timely diagnosis and treatment. Our review aims
to increase the awareness of this condition among
pediatricians.
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