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Abstract

Cardiac beriberi, or heart failure due to thiamine deficiency, is considered rare in the developed world.
The diagnosis is often only considered in limited populations such as those with chronic alcoholism.
Alternatively, the disease can be mislabeled as “alcoholic cardiomyopathy” or “nonischemic cardiomy-
opathy.” The following 2 cases illustrate the need to expand our vigilance to other at-risk populations.
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CASE 1
68-year-old homeless man presented
A to the emergency department with 5
weeks of progressive dyspnea. He
noticed increased swelling in his legs but de-
nied cough, fevers, or calf pain. He denied
any recent drug use. He had a remote history
of alcoholism but had quit 10 years ago and
had no recent medical care.

On admission, he was afebrile with a heart
rate of 81 beats per minute (bpm), blood pres-
sure (BP) of 156/105 mm Hg, respiratory rate
of 22 breaths per minute, and oxygen satura-
tion of 99% on 2L/min of oxygen. He weighed
201 lb (body mass index [BMI] 33kg/m?>).
Jugular venous pressure (JVP) was elevated
to the angle of the mandible, and cardiac
examination showed a regular rate with no
murmurs. Trace bibasilar crackles were
auscultated, and mild bilateral lower extremity
edema was evident. No focal deficits were
noted on neurologic examination. Electrocar-
diogram demonstrated normal sinus rhythm.
His chest x-ray showed cardiomegaly with
suggestion of Kerley B lines (Figure 1). Labora-
tory results were remarkable for an elevated
B-type natriuretic peptide (BNP) level of
1017 pg/mL and troponin-I of 0.107 ng/mL.
Complete blood count was significant for
normocytic anemia with a hemoglobin level
of 10.5 g/dL. His urine toxicology screen
showed no illicit substances. Transthoracic
echocardiography (TTE) revealed global left
ventricle hypokinesis with a severely reduced

ejection fraction of 25% with moderately
reduced right ventricular systolic function
(Figure 2 B, O). Results of a nuclear myocar-
dial perfusion stress test were inconclusive.
The patient subsequently underwent cardiac
catheterization and was found to have nonob-
structive coronary artery disease. The patient
was diagnosed with new-onset nonischemic
cardiomyopathy and was medically treated
with furosemide 20 mg twice daily, carvedilol
12.5 mg twice daily, lisinopril 10 mg daily,
and atorvastatin 40 mg daily.

Over the next 3 months, the patient
presented to the emergency department multi-
ple times with acute heart failure exacerbations
that were suspected to be secondary to medi-
cation noncompliance. On the third ED visit,
he was admitted for further workup, as he
appeared  confused. Neurologic  testing
revealed significant neurocognitive deficits as
well as bilateral cranial nerve 6 palsies. He
was presumed to have Wernicke’s encepha-
lopathy caused by his history of alcohol abuse,
although he denied recent use. Oral thiamine
at 100 mg per day was started. After 16
days, he became progressively hypotensive,
requiring discontinuation of all his cardiac
medications. A repeat TTE showed dramatic
improvement in left ventricular systolic func-
tion with ejection fraction of 55% (Figure 2
D, E). Moreover, the patient’s cognitive status
significantly improved with his Montreal
Cognitive ~ Assessment  (MOCA)  scores
increasing from 6/30 to 18/30. Review of his
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FIGURE 1. Case |: Initial chest x-ray with car-
diomegaly, pulmonary venous congestion, and
Kerley B lines suggestive of acute heart failure.

records showed that the patient had a random,
nonfasting thiamine level of 12 nmol/L
(normal: 8 to 30 nmol/L) a few days after his
initial admission.

CASE 2
A 63-year-old man with diabetes, hyperten-
sion, and remote history of polysubstance
and alcohol abuse presented with dyspnea
and altered mental status of unclear duration.
The patient reported exertional dyspnea, leg
swelling, and orthopnea. He had been severely
limiting caloric intake to encourage weight
loss. He often ate less than 1 meal a day and
relied on convenience foods, as he had limited
access to transportation to the grocery store.
His home medications included aspirin 81
mg, atorvastatin 40 mg, lisinopril 10 mg, met-
formin 1000 mg twice daily, and repaglinide 2
mg with meals.

On examination, he was tachycardic, with
a heart rate of 117 bpm; BP of 160/120 mm
Hg; and tachypneic, saturating 96% on room
air. He weighed 286 1b (BMI of 39 kg/m?),
with a known baseline weight of 243 1b. He
was somnolent, with periods of apnea consis-
tent with Cheyne-Stokes breathing. His JVP
was elevated; he had bilateral rales. Cardiac
auscultation revealed a normal S1 and S2
with no extra heart sounds. His extremities
were cold with significant edema. Laboratory
evaluation revealed: sodium 123 mmol/L,
BNP 1892 pg/mlL, troponin 0.18 ng/mL, and

negative urine toxicology. Electroencephalo-
gram, blood cultures, ammonia, vitamin B12,
folate, and thiamine levels were ordered to
evaluate his confusion.

Electrocardiogram showed sinus tachy-
cardia with left-axis deviation, and infrequent
premature ventricular contractions. Chest x-
ray showed a right-sided pleural effusion and
cardiomegaly. TTE showed severe, globally
reduced left ventricular ejection fraction of
less than 20%, reduced right ventricular sys-
tolic  function, and moderate mitral
regurgitation.

The patient was diagnosed with decom-
pensated severe heart failure. He was started
on intravenous (IV) diuretics and nitroprus-
side drip. IV thiamine therapy was also initi-
ated, given high clinical suspicion for
Wernicke’s encephalopathy. After 4 days of
significant diuresis, patient underwent left-
heart catheterization, which showed nonob-
structive coronary artery disease. The patient’s
thiamine level later resulted as undetectable.
His heart failure improved significantly after
14 days of treatment, which included IV thia-
mine. He was discharged on a regimen of furo-
semide 40 mg once a day, valsartan 160 mg
twice a day, hydralazine 100 mg 3 times a
day, carvedilol 12.5 mg twice a day, isosorbide
mononitrate 120 mg once a day, spironolac-
tone 25 mg once a day, atorvastatin, and
oral thiamine.

The patient did not follow up regularly
because of transportation issues. During this
time, he was only intermittently compliant
with his cardiac medications, as they were mak-
ing him “feel shaky.” Despite this, a repeat TTE
showed improvement of his ejection fraction to
45% to 50%. BNP decreased to 286 pg/mL. His
weight improved to 246 lb. The patient re-
ported improvement in his dyspnea but noted
episodes of dizziness, which he attributed to
his cardiac medications. He was referred to car-
diology for possible reduction of his cardiac
medications.

DISCUSSION

Thiamine, a water-soluble B vitamin, is a
cofactor necessary for carbohydrate meta-
bolism and production of energy. Thiamine
is also essential in neurotransmitter synthesis."
As thiamine has limited tissue storage and a
half-life of 10 to 20 days, deficiency may
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FIGURE 2. Case |: Echocardiogram showing left ventricular cavity size in diastole and systole (Panel
A and B, respectively) prior to thiamine treatment and after treatment (diastole and systole, Panel
C and D, respectively). Patient was noted to have significant improvement in contractility with
improvement of his ejection fraction from 25% to 55%.

- AdCs
LV Length 7.51 cm
LV Area 24.0cm?
[ATA 64.5 ml
ESV (A4C) 64.5ml_
EF (A4C) 29.7%

ESV(A4C) 342ml
EF (A4C)  555%

( ‘ N - =
S
~
<AdCs -
LV Length 7.30 cm
LVArea 16.1cm? =
LV Vol 34.2ml

develop within a few weeks but has been
described in as little as 3 to 14 days.”” The
vitamin is primarily found in such foods as
legumes, pork, brown rice, and cereals made
from whole grains but is very low in white
rice, milled cereals, milk products, fruits, and
vegetables. In addition, although most grains
are thiamine-enriched in the United States,
processed meats and foods preserved in
sulfites are low in the vitamin.? Therefore,
populations—such as the elderly or the home-
less—who are at risk for food insecurity or
rely heavily on convenience foods, may be at
increased risk for thiamine deficiency. In addi-
tion, acute thiamine deficiency has been
described in severe catabolic states such as
sepsis, thyrotoxicosis, cancer, and end-stage
renal disease.””

Severe thiamine deficiency can cause cogni-
tive impairment (Wernicke’s encephalopathy),
peripheral neuropathy (“dry beriberi”), or heart
failure (cardiac, or “wet beriberi”). Cardiac
beriberi occurs as a result of decreased cardiac
function from impaired cellular metabolism.
Thiamine deficiency impairs production of
adenosine triphosphate (ATP), leading to
accumulation of adenosine. This increase
causes reduction in systemic vascular resistance
via direct vasomotor depression, leading to a
compensatory high-output state with increased
blood volume.” Eventually, myocardial weak-
ness develops, leading to systolic dysfunction
and a low-output state. Ultimately, patients
develop hypotension and complete cardiovas-
cular collapse unless thiamine is provided.’
An acute form of cardiac beriberi—Shoshin
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beriberi—can also present with more sudden
cardiogenic shock and imminent death.

Classically, patients with cardiac beriberi
have been described as having heart failure
with significant lower-extremity edema but
upper-body cachexia. However, patients with
calorie-rich but nutritionally poor diets, or
those with recent changes in their diets, may
not appear emaciated. Echocardiography may
reveal reduced ejection fraction that is indis-
tinguishable from other dilated cardiomyopa-
thies. Some studies suggest the use of cardiac
magnetic resonance imaging to establish a
diagnosis based on increased T2 signal inten-
sity due to myocardial edema, but other
studies find that myocardial edema may not
always be present.'”"

Diagnosing thiamine deficiency with blood
tests has limitations. Plasma thiamine is often
the initial test of choice, but levels are strongly
influenced by recent caloric intake. The pa-
tient in Case 1 had thiamine levels in the
low-normal range but was likely deficient, as
the value was nonfasting. Moreover, as less
than 1% of total body thiamine is found in
whole blood, a low level may not always be
a sensitive indicator of true deficiency. An
alternative method for diagnosing thiamine
deficiency is via a functional assay by
measuring erythrocyte transketolase activity
(ETKA), in which a low ETKA level is sugges-
tive of thiamine deficiency.” This test is
affected by hemoglobin levels and is not
widely available.

As there are no pathognomonic manifesta-
tions of cardiac beriberi, it can be easily over-
looked. The diagnosis entails the presentation
of an unexplained cardiomyopathy, a history
of poor nutrition, a therapeutic response to
thiamine, and exclusion of other etiologies of
heart disease.'” The ideal treatment regimen
has not been well studied and can vary
depending on the severity of presentation.
The patient in the first case improved after
oral supplementation, but IV supplementation
is commonly recommended with a loading
dose of 100 mg to 500 mg parenteral thiamine
followed by an oral regimen of 25 to 100 mg
daily."”

The prevalence of thiamine deficiency in
patients with heart failure in acute-care set-
tings has been estimated as high as 30%.""
Small randomized control studies have shown

improvement in cardiac function after adequate
thiamine supplementation, regardless of the
etiology of the cardiomyopathy.”'" A ran-
domized double-blind crossover trial found
an approximate 10% improvement in ejection
fraction after 300 mg per day of thiamine.'’
Other studies report an approximate 5%
improvement ~ with  supplementation.'*®
Studies showing no benefit typically used
low-dose oral supplementation or had limited
follow-up.'”* A recent systematic review and
meta-analysis concluded that patients with
heart failure are at risk of thiamine deficiency
and that supplementation was likely beneficial
in improving left ventricular function as well
as quality of life.”" Some studies have suggested
association with diuretic use, but other studies
have not been able to duplicate this
finding ">’ Current guidelines from the
American Heart Association/ American College
of Cardiology and the European Society of
Cardiology note thiamine deficiency as a cause
of cardiomyopathy but do not emphasize any
specific evaluation.”*”” With the increased
prevalence of food insecurity estimated at
11% to 18% of US households, nutritional
deficiencies may be underappreciated and
warrant further research.”®

We present 2 patients with cardiac beriberi
whose diagnoses could have been overlooked
were it not for initiation of thiamine because
of patients’ concomitant confusion and an
erroneous assumption of alcohol abuse. The
cases underscore a need to expand our vigi-
lance for thiamine deficiency to other popula-
tions that present with heart failure of unclear
etiology. The patient in Case 1 presented with
a moderate heart failure, had normalization of
his ejection fraction, and was able to discon-
tinue all cardiac medications after a short treat-
ment course with oral thiamine. The patient in
Case 2 had a sudden, severe presentation of
heart failure. After treatment, his echocardio-
gram normalized, despite poor compliance
with his cardiac medications.

CONCLUSIONS

Patients who present with an unexplained
cardiomyopathy should be evaluated for thia-
mine deficiency. Persons most at risk include
those with high chronic disease burden, alco-
holism, and those with food insecurities such
as with the homeless and the elderly. Larger
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studies are needed to evaluate and diagnose
nutritional deficiencies, even in those with
modern-day Western diets.
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