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ABSTRACT 

Hypoglycemia is a common complication seen 
in patients with diabetes mellitus and has been 
proven to have adverse effects on cardiovascu- 
lar mortality. Hypoglycemia can potentially lead 
to worsening of cardiac function in patients with 
ischemic heart disease. We present a case of 
cardiogenic shock in a patient with hypoglyce- 
mia secondary to insulin accumulation due to 
worsening renal function with dramatic recovery 
of shock once his sugars normalized. 
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1. INTRODUCTION 

Chronic heart failure and diabetes are very common 
diseases and around 40% patients with CHF have DM 
[1]. Hypoglycemia has been independently associated 
with worse cardiovascular outcomes in diabetics [2]. La- 
bile sugars with rapid fluctuations between high and low 
sugars have been proven to increase mortality in CHF [3]. 
Hypoglycemia has been associated with ischemic events in 
patients with coronary artery disease (CAD). It is pro- 
posed that hypoglycemia and rapid changes in blood glu- 
cose levels lead to increase catecholamines release which 
results in vasoconstriction, platelet aggregation and is- 
chemia [4,5]. We report a case of reversible cardiogenic 
shock in a patient with hypoglycemia secondary to insu- 
lin accumulation. We have theorized a novel mechanism 
for hypoglycemic myocardial stunning in our patient. 

2. CASE PRESENTATION 

A 58-year-old African-American male presented to 
our institution with a 2 day history of confusion and vis- 
ual hallucinations. He stated that he was feeling weak, 
was diaphoretic and tired for almost a week and was un- 
able to check his sugars because he ran out of his testing 
strips. He thought his sugars were low and he was drink- 
ing orange juice every time he felt weak or tired. On the 
day of admission he had a near-syncopal episode and his 
wife found him on the floor and brought him to the emer- 
gency department. Of note, he drank 2 glasses of orange 
juice before coming to the emergency department. He 
denied any chest pain, loss of consciousness or loss of 
bladder/bowel control but did complain of ongoing dysp- 
nea on exertion and orthopnea for a week for which his 
primary care physician increased his furosemide dose 
from 80 mg PO daily to 160 mg PO daily one day before 
admission. 

His past medical history was significant for ischemic 
cardiomyopathy. He was admitted with congestive heart 
failure and hypoglycemia one month ago and a transtho- 
racic echocardiogram performed at that time revealed an 
ejection fraction of 35% to 40%, inferolateral akinesis 
and moderate to severe mitral regurgitation. He was ad- 
mitted with a non-ST elevation myocardial infarction 5 
months ago and his coronary angiography at that time 
showed a patent mid-LAD stent, 80% apical LAD steno- 
sis, occluded diagonal-1, 80% to 90% stenosis of small 
diagonal-2, a large left circumflex with mid vessel 50% 
stenosis, occluded right coronary artery with left to right 
collaterals filling the posterior descending artery and a 
large obtuse marginal-1 with in-stent thrombosis. His ob- 
tuse marginal-1 was intervened on as the culprit lesion.  
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He also had a history of hypertension, hyperlipidemia, 
chronic renal impairment and obstructive sleep apnea. 
His medications included 75 units of insulin glargine 
(Lantus) along with 65 units of Novolog 70/30, both of 
which he was taking in the morning. He was also on as- 
pirin, prasugrel, carvedilol, lisinopril, atorvastatin, hydra- 
lazine and furosemide. 

On examination, he had Cheyne-Stokes breathing and 
was delirious. His blood pressure was 105/60, heart rate 
110 and regular and his oxygen saturations were 96% on 
ambient air. He was obese and neck veins were difficult 
to be assessed for jugular venous pressure. His lungs had 
faint crackles towards bases. Cardiac examination re- 
vealed a S3 gallop and a grade 3/6 holosystolic murmur 
heard at the apex. He had 2+ pedal edema and all his ex- 
tremities were cold to touch suggesting a low flow state. 
His laboratory work up showed a hemoglobin of 13.4 
g/dL, white blood cell count 4800/UL, potassium 5.5 
mEq/L, BUN 49 mg/dL, creatinine 3.5 mg/dL from his 
baseline 3.2 mg/dL, BNP 1760 pg/mL and troponin 0.18 
ng/mL which peaked at 0.22 ng/mL. His glucose initially 
was 95 mg/dL. EKG showed sinus tachycardia with left 
bundle branch block (old) and premature ventricular com- 
plexes. His chest x-ray showed signs of pulmonary con- 
gestion. A bedside echocardiogram was performed which 
showed an ejection fraction of 20% with global hypoki- 
nesis and severe mitral regurgitation. 

A right heart catheterization was done which revealed 
a right atrial pressure of 21 mm Hg, RV systolic pressure 
of 74 mm Hg, RV diastolic pressure of 32 mm Hg, pul- 
monary artery systolic pressure of 61 mm Hg, pulmonary 
artery diastolic pressure of 39 mm Hg with a mean pul- 
monary arterial pressure of 52 mm Hg and a pulmonary 
capillary wedge pressure of 36 mm Hg. His mixed ve- 
nous saturations were 46%, arterial saturation 90%, car- 
diac output by Fick principle was 3.7 L/min and cardiac 
index was 1.5 L/m2. 

He was diagnosed as having cardiogenic shock and 
was transferred to ICU for further management. He was 
started on milrinone drip at 0.2 mcg/kg/min and his car- 
vedilol was held due to shock and borderline blood pres- 
sure. In the ICU, his mental status worsened after a few 
hours and his blood sugar was found to be 33 mg/dL. He 
received dextrose-50% and orange juice and his blood 
glucose was raised to 96 mg/dL with dramatic recovery 
in his mental status. His insulin was on hold since admis- 
sion. Around 6 hours later, he had a similar episode and 
his blood sugar was found to be 40 mg/dL which was 
treated again with dextrose-50%. His sugars were closely 
monitored with as needed supplementation and his point 
of care sugars stayed stable. 

He had a dramatic improvement in his hemodynamics 
by day 2 when his blood sugars normalized. He was 
warm to touch and his mixed venous saturations were  

78.3% suggesting adequate cardiac output and normali- 
zation of systemic vascular resistance. At this stage he 
was weaned off the milrinone drip. His repeat echocar- 
diogram, 48 hours after admission and off the milrinone 
drip, showed that his ejection fraction has improved to 
25%. His sugars were stabilized further in collaboration 
with an endocrinologist and his insulin was reintroduced. 
He was restarted on beta-blocker slowly and the dose 
was titrated up. Given his renal insufficiency, it was de- 
cided not to restart his insulin glargine. He was trans- 
ferred to the telemetry floor and subsequently was dis- 
charged home in a week. 

3. DISCUSSION 

Hypoglycemia is associated with increased catechola- 
mine release in the body which along with electrolyte 
abnormalities can lead to prolongation of cardiac repo- 
larization and can result in arrhythmias [6]. Both type-1 
and type-2 diabetics can have prolongation of QT inter- 
vals and arrhythmias in acute hypoglycemic events [7]. 
Typical EKG changes for ischemia have been seen dur- 
ing hypoglycemia in patients with CAD without DM [8]. 
Hypoglycemia can lead to an increased infarct size and 
this has been proven in animal and human studies [9-11]. 
Silent ischemia is the most common manifestation of 
myocardial ischemia and is more common in CAD with 
DM [12-14]. Takotsubo cardiomyopathy has been de- 
scribed in patients with anorexia nervosa and hypoglyce- 
mic coma and excessive catecholamines release second- 
dary to hypoglycemia has been proposed as the etiology 
[15]. All these findings suggest the adverse effects of hy- 
poglycemia on cardiovascular system. 

The heart has the capacity to use a variety of meta- 
bolic substrates for energy production and has the ability 
to rapidly adapt its substrate utilization in a situation with 
change in substrate supply. Fatty acids are the major me- 
tabolic substrate for the heart. Glucose along with lactate, 
ketones and amino acids contribute up to 30% of gener- 
ated myocardial ATP. Glucose entry into cardiomyocytes 
is primarily through GLUT4 transporter which is de- 
pendent on insulin for its action. Glucose is not the major 
metabolic substrate in the heart at rest but assumes 
greater importance in conditions like ischemia; increased 
workload and pressure overload e.g. hypertrophy [16,17]. 
A study conducted on dogs showed that suppressed ex- 
pression and translocation of myocardial GLUT4 and re- 
sulting reduced myocardial glucose uptake and utiliza- 
tion in ischemic conditions were clearly associated with 
ischemia-reperfusion myocardial injury [18]. GLUT4 
translocation is different under different stimuli. This was 
proven by immunogold labeling of GLUT4 and its local- 
ization after 30 minutes exposure to insulin and ischemia. 
Insulin increased T tubule membrane GLUT4 but had 
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less effect on sarcolemmal GLUT4. Ischemia, on the 
other hand, resulted in GLUT4 translocation to both, T 
tubule and sarcolemmal membranes [19]. A deficiency 
of GLUT4 has been associated with profound alterations 
in cardiomyocyte Ca+2 and pH homeostasis and can have 
adverse effects on excitation-contraction coupling in car- 
diomyocytes [20]. These studies signify the importance 
of glucose in cardiomyocytes specially under ischemic 
conditions. 

Insulin is known to have a cardioprotective role [21] 
and elicits a positive inotropic effect on the heart. Insulin 
dependent positive inotropic effect (PIE) is mediated by 
a calcium-dependent PI-3 kinase-mediated pathway and 
a calcium independent pathway which involves GLUT4 
and affirms the glucose dependency in inotropic response 
to insulin [22]. Diabetes mellitus is characterized by en- 
hanced fatty acid metabolism and reduced glucose and 
lactate metabolism in the heart [23,24] but insulin re- 
placement results in increased glucose use and reversal 
of myocardial dysfunction in patients with diabetic car- 
diomyopathy [25-27]. 

This is the first case report of hypoglycemia-induced 
myocardial stunning. Our patient had ischemic cardio- 
myopathy and had significant underlying coronary artery 
disease. His presentation with acute decompensated con- 
gestive heart failure in the setting of hypoglycemia twice 
and his dramatic recovery once blood sugars were nor- 
malized point towards hypoglycemia as the etiology of 
his depressed cardiac function. Our patient did not have 
high enough troponins or new regional wall motion ab- 
normalities to suggest coronary artery disease as the pri- 
mary underlying etiology and his echocardiographic im- 
ages were not consistent with Takotsubo cardiomyopa- 
thy. 

We propose that probably due to ongoing silent ische- 
mia and insulin toxicity, the cardiac metabolism was 
shifted towards glucose as the primary substrate and re- 
sulted in a stunning-like phenomenon due to hypoglyce- 
mia secondary to accumulation of excessive insulin. Our 
patient was on a β-blocker which might have masked the 
catecholamine induced symptoms of hypoglycemia. Fur- 
ther studies will be needed to clearly explain a cause and 
effect relationship, if any, between hypoglycemia and 
myocardial stunning. 

4. CONCLUSION 

CHF and DM are common diseases and hypoglycemia 
is a common complication in treated diabetics. Hypogly- 
cemia can lead to worsening of myocardial function in 
patients with ischemic cardiomyopathy and silent ische- 
mia. This is the first case report of hypoglycemic myo- 
cardial stunning and highlights the importance of close 
glucose monitoring and adequate glucose control in pa- 

tients with ischemic cardiomyopathy and CAD. 
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