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Background

The increasing rate of obesity and heart disease remain a global
epidemic. Since 1980, the obesity rate has more than doubled to
1.4 billion adults worldwide and is related to 23% of all cases of
ischemic heart disease [1]. Strategies to reduce body mass index
(BMI) include diet, exercise, supplements and bariatric surgery. With
proven benefit for sustained weight loss and improved cardiovascular
parameters including lipids, glucose levels and blood pressure,
gastric bypass surgery has increased in popularity [2-4]. The gold
standard Roux-en-Y gastric bypass, indicated in patients who are
morbidly obese (BMI >40 kg/m?) or in those with a BMI >35 kg/
m?* with other significant comorbidities, can lead to both restrictive
and malabsorptive effects. Though the effect of caloric restriction is
thought to be the primary reason for weight loss, bypassing segments
of bowel results in nutritional malabsorption and subsequent dys-
homeostasis in minerals and micronutrients. The malabsorption
following Roux-en-Y bypass is primarily due to the bypass of the
duodenum, which could result in a lack of cation absorption. Of
these, selenium, copper and zinc are integral for cellular function
and the activity of endogenous antioxidant defenses, and reduction
in their levels have been linked to dilated cardiomyopathy [5-8].
Witte et al. demonstrated a reduction in left ventricular (LV) volume
and improvement in LV ejection fraction (LVEF) in heart failure
patients supplemented with high dose minerals and vitamins [9]. In
addition, small studies suggest a link between Vitamin B1 (thiamine)
deficiency (TD), reversible heart failure, and wet Beri-beri [10-13].
Animal models demonstrated that TD leads to cardiac hypertrophy
and depressed cardiac function and arrhythmias even in the absence
of Beri-beri [14-16]. Thus we present a case of a young female with
the acute onset of hypoglycemia ten years post gastric bypass surgery
associated with severe malnutrition and significant micronutrient
deficiencies in selenium, copper, zinc and Bl and subsequent
development of systolic heart failure. Although other mechanisms
leading to cardiomyopathy cannot be excluded, we propose that
the chronic deficiency in micronutrients in conjunction with
exacerbating factors associated with acute hypoglycemia/dumping
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syndrome may have played an important role in the development
of cardiomyopathy that subsequently resolved after aggressive
micronutrient supplementation.

Case Report

A 32-year-old female was referred to our cardiology clinic with
a new diagnosis of LV dysfunction. She underwent a Roux-en-Y
gastric bypass surgery at 21 years old for treatment of severe obesity
with a body weight of 155 kg and body mass index of 53 kg/m?.
For several years after the surgery she had a normal dietary intake
including oral nutritional supplements post surgery and achieved
substantial weight loss. She suffered from anxiety and depression
requiring regular outpatient visits with a psychiatrist and medical
therapy. Otherwise, she had no episodes of acute or chronic illness
requiring hospitalization. Approximately 10 years after the Roux-
en-Y gastric bypass surgery she was hospitalized for the acute onset
of severe hypoglycemia and hypotension thought secondary to
bacteremia and dumping syndrome. Her weight at that time was 56
kg. A transthoracic echocardiogram (TTE) at that time demonstrated
a normal left ventricular function (LVEF) of 64.4% with no wall
motion abnormalities. Given her new diagnosis of hypoglycemia and
concern for severe malnutrition, several nutrients were measured and
found to be well below the normal reference range including zinc 0.2
pg/ml, selenium 42 ng/ml, Vitamin D (9.5 pg/ml) and vitamin A 14.7
pg/ml (Table 1). She was initiated on oral supplementation of copper,
selenium and zinc in addition to a multivitamin upon discharge.

One month later, she presented to the emergency department
with the acute onset of shortness of breath and hypoxia. Chest x-ray
was consistent with pulmonary edema prompting a TTE which
now showed a LVEF of 32.3% and global dysfunction (Figure 1).
EKG showed regular sinus rhythm at 88 beats per minute. We were
unable to make a definitive diagnosis as for the cause of her new onset
cardiomyopathy. Cardiac enzymes were trended and total CK ranged
from <20-32 U/L (Reference 9-185 U/L), Troponin T 0.06-0.08 ng/
ml (Reference <0.10 ng/ml), and N-terminal BNP was 1502 pg/ml
(Reference <125 pg/ml). Telemetry recording demonstrated sinus
rhythm ranging from 72 to 135 beats per minute and few premature
atrial and ventricular complexes (less than 2% of all QRS complexes).
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LVEF 29.8 % LVEF 60 %

Figure 1: Left Ventricular Diastolic Dimensions pre and post treatment with
beta blocker, ACE-inhibitor and vitamin B1 (100 mg/day) in a patient receiving
total parental nutrition for new onset of severe malnutrition 10 years after
Roux-en-Y gastric bypass surgery.

She was started on appropriate heart failure regimen including a beta-
blocker, an angiotensin-converting enzyme inhibitor (ACE-I) and a
loop diuretic. Because of her low body weight and malnutrition with
persistent low serum Zinc, Selenium and Vitamin A, enteral nutrition
via a gastric tube was also initiated.

She was re-hospitalized again 1 month later in January 2012
for the initiation of total parental nutrition (TPN) after progressive
gastrointestinal symptoms including accelerated weight loss and
failure to thrive. TTE during this admission revealed an LVEF 0£29.8%
with severe global hypokinesis. Troponin T was borderline elevated
to 0.06-0.10 (Reference <0.10 ng/ml), and total CK (22-32 UJ/L,
Reference 9-185 U/L) and CK-MB mass concentration (1.2-1.3 ng/
ml, Reference 0-9.9 ng/ml) were normal. To evaluate for myocardial
injury, a cardiovascular magnetic resonance (CMR) imaging of the
heart with gadolinium contrast was performed. The CMR imaging
confirmed a globally dilated LV with severe global dysfunction. There
was no pericardial effusion, and the tissue characterization including
T2-weighted imaging and contrast enhancement were normal and
not diagnostic for acute myocarditis or fibrosis. The right ventricle
was normal in size and mildly reduced in function with EF 50-55%. A
coronary angiogram was preformed which showed normal coronary
arteries and an LV end diastolic pressure of 8 mmHg. Laboratory
values indicated a normalization of blood copper levels with only
minimal improvement in selenium and zinc levels. On discharge her
TPN formulation was supplemented with increased levels of all three
minerals. She was seen in the cardiology clinic 1 month after discharge
in February 2012 and denied any clinical symptoms of heart failure.
She was compliant with her heart failure regimen including a beta-
blocker, ACE-I, and loop diuretic. Given her malabsorption and poor
nutrition, we empirically recommended supplementation with 100
mg Vitamin B1 in addition to the other nutrients and minerals being
provided via TPN given a low normal serum thiamine level at 124
nmol/L. At follow-up 3 months later, she remained asymptomatic
from a cardiac standpoint with complete compliance of her mineral
and vitamin supplements but only partial compliance with her cardiac
medications, now only taking the beta-blocker. She had successfully
been weaned of TPN to enteral nutritional support via her G-tube.
Interestingly, her LVEF improved to 53.8% with no wall motion
abnormalities despite chronically low levels of both selenium and zinc
and malnutrition with abnormal low body weight of 39 kg. Over the

next months the patient discontinued her beta-blocker but continued
daily supplementation with thiamine 100 mg, Magnesium oxide 400
mg, and Peptamen gastrointestinal formula using 3-4 cans per day via
G-tube. Repeat echocardiography 1.5 years after diagnosis of heart
failure showed complete resolution in her cardiomyopathy with an
LVEF of 60%. Unfortunately, her overall course has been complicated
with ongoing gastrointestinal issues requiring continuation of enteral
supplementation and repeat hospitalizations for complications
related to malnutrition.

Discussion

The importance of cardiac function in relation to micronutrient
levels has been reported in both human and animal models.
Micronutrients including CoQI10, L-carnitine, thiamine, amino
acids and the B vitamins are essential cofactors in energy transfer
and are linked to critical myocyte pathways in the provision of ATP
generation, myocardial calcium balance and balancing oxidative
stress [17,18]. Less is known about the link between metallic elements
and key cellular mechanisms linked to myocardial health. Selenium
is a component of the antioxidant enzyme glutathione peroxidase
playing a key role protecting against endothelial and myocardial
dysfunction. Deficiencies in selenium and zinc have been shown
to decrease myocardial and endothelial antioxidant reserve and
subsequently increase oxidative damage to cell membranes thus likely
causing associated cardiomyopathies. Thus, deficiencies in selenium
have been linked to the development of cardiomyopathy in Chinese
children, the development of heart failure post bariatric surgery, and
in patients on long-term TPN [21-24]. With repletion of selenium and
zinc in patients with chronic malabsorption secondary to intestinal
bypass, significant improvements in both cardiac dimension and LV
function were noted [24].

Of the three deficient micronutrients in this patient, i.e. selenium,
zinc and copper, the relationship between copper and development of
human cardiomyopathy is the least understood. Copper is an essential
metal co-factor in cytochrome ¢ oxidase activity helping to regulate
oxidative free radicals and is required for mitochondrial electron
transport activity in cardiac and hepatic cells. In animal models,
deficiencies in copper cause impairment in ADP phosphorylation
and structural pathology linked to mitochondrial malfunction
and subsequent cardiomyopathies [25-28]. In humans, copper
supplementation has shown promise in reversing hypertrophic
cardiomyopathy via induction of VEGF synthesis leading to
promotion of angiogenesis in the wounded heart [29,30]. Overall,
a limited number of studies and case reports have investigated
micronutrient deficiencies on a small or large scale multi-nutrient
spectrum that may provide insights in to the complex relationship
between micronutrients and heart failure.

A key consideration in this case is the role gastric bypass plays in
reducing cardiovascular risk and comorbidities in the direct relation
to decreased visceral and abdominal adiposity. The Roux-en-Y gastric
bypass remains the gold standard and most commonly performed
of bariatric operations involving both restrictive and malabsorptive
components to achieve desired weight loss via bypassing segments
of bowel and decreasing the size of the stomach. Results from
longitudinal studies have shown approximately 40% sustained
weight loss correlating to decreases in cardiovascular risk factors
including hypertension, hyperlipidemia, metabolic syndrome and
diabetes [31,32]. Furthermore, several smaller nonrandomized trials
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Table 1: Laboratory Values and Key Metrics.

2011 2012 2013
November December January February April May January
Body Weight (kg) 56 44 42 45 39 39 52
LVEF % 64 32 29 53 60
Beta-blocker - + - —

+
ACE-I — +
Loop Diuretic - +

Vit B1/Thiamine (100mg daily) - - -

+ 4+
+ 4+
|
|

Multivitamin + + + + +
Range

Sodium (134-149 mEq/L) 141 136 139 140 138 143 142
Potassium (3.5-5.0 mEq/L) 4.1 4.4 4.7 4.1 4.1 4.2 45
Magnesium (1.6-2.5 mg/dL) 1.7 2.3 1.6 1.8 1.8 139 1.7
Albumin (3.5-5.0 g/dL) 1.8 1.9 2.9 1.0 21 1.9 1.1
Creatinine (0.5-1.4 mg/dL) 0.4 0.4 0.5 0.3 0.5 0.6 0.3
GFR (>59 mL/min/BSA) >120 117 116 >120 >120 >120 96
Zinc (0.66-1.1 mcg/ml) 0.2 0.55 0.43 0.38 0.32 0.28
Selenium (95-160 ng/ml) 42 91 72 38 40 51
Copper (0.75-1.45 mcg/ml) 0.47 1.01 0.57
Vit D (18-78 pg/ml) 9.5 40 13
Vit A (32.5-78 mcg/dL) 14.7 21.8 3
Folate (serum) (4-26 ng/ml) 16.11 32 12.8
Vit B1 (80-150 nmol/L) 133 237 124
Vit B12 (240-900 pg/ml) 1226 1071 996 1033 1208

suggest improved cardiovascular parameters and reversal of obesity-
associated cardiomyopathy although the exact mechanism by which
weight loss decreases onset of heart failure in this population has not
been thoroughly studied [33]. In our patient, who maintained an
approximate 95 kg weight reduction ten years post gastric bypass, her
cardiovascular risk assessment post weight loss was low since she had
no other cardiovascular risk factors such as diabetes or hypertension.
The benefit from reduction in adiposity was likely negated by the
development of severe nutritional deficiencies, which we conclude
was the key determinant in the development of reversible heart failure
in this patient. Although the serum values for zinc, selenium, and
copper remained abnormally low after intensive supplementation,
the clinical improvement of her heart failure symptoms and complete
normalization of the severely reduced LVEF after initiation of TPN
and intensive macro- and micronutrient supplementation led us to
speculate that myocardial nutritional deficiencies may be corrected
even before serum concentrations rise to normal concentrations.
However, mechanisms other than nutritional deficiencies could
have contributed to the reversible cardiomyopathy presented here,
although our clinical, laboratory and imaging evaluation did not show
evidence for tachycardia-mediated cardiomyopathy, myocarditis,
coronary artery disease, or sepsis.

Of the micronutrients listed in Table 1, serum thiamine levels
present an interesting avenue for further consideration. It is well
documented that TD can lead to impaired cardiac function via
impaired oxygen delivery through the inhibition of both the citric
acid cycle and the hexose monophosphate shunt. TD can manifest
in a spectrum of heart failure symptoms ultimately culminating in
what is commonly known as wet Beri-beri. Furthermore, TD can be
exacerbated by administration of loop diuretics, first described by

Yui et al. in male Wistar rats [34]. Further studies have shown that
long-term use of loop diuretics have been linked to TD via increased
urinary losses thus contributing to cardiac impairment in heart
failure patients [35,36].

Quantifying total body levels of thiamine has been a source
of discussion. Thiamine, present in four unique compounds
(unphosphorylated, thiamine monophosphate, thiamine diphosphate,
and thiamine triphosphate), is typically determined via measuring
thiamine pyrophosphate effect (TPPE) reflecting the activity of
thiamine diphosphate on the transketolase enzyme in the pentose
shunt. This commonly used assay indirectly ascertains thiamine levels
measuring only the diphosphate compound without quantifying the
other three sources of thiamine compounds. In cardiology clinic,
she was empirically started on 100mg of daily oral thiamine with
the initiation of standard heart failure regimen. This was initiated
despite a “low-normal” serum level of Bl. Since more than 90% of
Bl is bound to erythrocytes, the assessment of total body thiamine
let alone myocardial concentrations continues to be a source of
debate given a paucity of techniques to measure erythrocyte thiamine
disphosphate levels, the likely key contributor to myocardial thiamine
stores. Therefore, it is difficult to conclude the exact mechanism and
relationship between aggressive nutritional supplementation in
combination with standard heart failure regimen in the resolution
of our patient’s heart failure. Future long-term studies are needed in
the bariatric population to assess the relationship between nutritional
macro- and micronutrient deficiencies and onset of cardiovascular
disease.

Conclusion

This case demonstrates a probable relation between malnutrition
as a key determinant in the development of heart failure. Following
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aggressive mineral and vitamin supplementation via both an oral and
parenteral route, in addition to pharmacologic heart failure therapy,
her LV dysfunction has since resolved. We conclude that malnutrition
on a macro- and micronutrient level needs to be carefully monitored
and treated in patients with signs of malnutrition. We speculate
that the longstanding and chronic deficiency of micronutrients was
further exacerbated by the late onset of dumping syndrome and
hypoglycemia, and therefore may have unmask a cardiomyopathy
resulting in reduced systolic left ventricular function and heart
failure. We purpose the empiric supplementation of thiamine 100mg
daily at the diagnosis of heart failure in patients with malnutrition, in
addition to other essential micronutrients, to prevent the potential
development of thiamine deficiency with use of loop diuretics and
potential subsequent progression of heart failure.
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