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Turning up the H.I.E.T.
High-dose Insulin Euglycemic Therapy
for CCB/BB toxicity

Objectives
•
•
•
•
•
•

Review principles of cardiac function
Review the pharmacology of CCB/BB
Explore the toxidrome of the CCB/BB
Discuss the evidence behind HIET
Examine Nursing considerations
Fun little review – it’ll be a ‘hoot!

• No disclosures or conflicts; not getting paid
by “big-insulin”
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Cardiac Muscle physiology
• Requires (near) exclusive aerobic conditions
• High density of mitochondria
• Picky eater:
– fatty acids>ketones>glucose

• Cardiac muscle is built on the basis of
actin, myosin, troponin and tropomyosin
– CALCIUM IS SUPER IMPORTANT

Pumping it out
• Cardiac output= Stroke volume x heart rate
– Preload (CVP,PAWP)
– afterload (PVRI,SVRI)
– contractility (measurements?)

• Myocardial oxygen consumption (MvO2) –
mediated by muscle demands
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Myocardial Cell Properties
Match the term to the definition

Term

Definition

Chronotropy

Ability to relax

Lusitropy

Force of muscle
contraction
Automaticity of pacemaker
cells

Bathmotropy
Dromotropy

AV node conduction

Inotropy

Degree if
excitability/response

Review of β-receptors

β1

• Primarily found in heart
• Mediate chronotropy, dromotropy
and AV refractoriness

β2

• Present in heart, but more
so in bronchial beds, and
peripheral vascular smooth
muscle

β3

• adipose tissue, the heart, gallbladder, and
bladder
• role in thermogenesis in muscle, detrusor
muscle relaxation, and lipolysis

β - Blockers
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β - Blockers
• Used clinically for over 40 years
• MANY, MANY indications:
– Hypertension, ischemic heart disease, arrhythmias,
migraines, tremors, portal hypertension and varices,
anxiety, aortic dissection, pheochromocytoma,
thyrotoxicosis

• Ending in “lol”
– Multiple generations
– non-selective, Cardioselective, alpha-blocker

β-Blocker Toxidrome
• Usually become symptomatic of ingestion
within 2 hours of ingestions, and nearly all
within 6 hours
• This window elongates with SR/ER release
preparations of drug
• Toxic effects not simply due to β-blockade
effects, but also due to MSA – membrane
stabilization affect

Toxidrome Presentation
Bradycardia
Wheezes

Heart block

β
Blockade
Hypoglycemia

Hypotension
Neurotoxicity
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Don’t take me too “lyte”ly

CALCIUM

Calcium
• Most abundant electrolyte in the body
– Mostly in the skeleton

• in serum, 80% bound to albumin
• Required for function of neuro/cardiac
function, coagulation, and muscular
function

The Calcium Channel
Types

Nomenclature

L-type

“Long-Acting”

Location

P-type

“Purkinje”

T-type

“Transient”

R-type

“Residual”

Terminal buttons, dendrites

N-type

“Neural”

Terminal buttons, dendrites, neuroendocrine
cells

MSK, endocrine, neural, myocytes (muscle
and pacer), eyes
Terminal buttons, dendrites, neuroendocrine
cells
Neuron cell bodies, myocytes, smooth
muscle
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Calcium Channel Blockers
• Used clinically for over 30 years used to
treat hypertension, ischemic heart disease,
arrhythmias, migraines, tremors, cerebral
vasospasm
• Both long acting and short acting
preparations available
• Most CCBs are hepatically metabolized,
highly protein bound, and have large
volumes of distributions

Calcium Channel Blockers

CCB Classification
CCBs

NonDihydropyridines
“Non-DHPs”

Phenylakylamines

Benzothiazepines

Verapamil

Diltiazem

Dihydropyridines

“DHPs”

Amlodipine
Felodipine
Nifidepine
Nicardipine
Nimodipine
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CCBs Mechanism of Action
CCBs

NonDihydropyridines

Phenylakylamines

Benzothiazepines

High affinity for
cardiac calcium
channels

Features of
both

Dihydropyridines

Selectively block
vascular calcium
channels

CCB Toxidrome
• Non-DHPs
• DHPs generally they
(i.e.benzothiazepines, and
precipitate profound arterial
phenylalkylamines) primarily
vasodilation, and therefore
exert their toxic effect by
patients general try and
causing vasodilation,
compensate with a reflex
decrease cardiac inotropy and
tachycardia
bradycardia
• With high doses DHPs, cause
conduction abnormalities and
myocardial muscle depression

Presentation
• Hypotension in all types of CCB
• Bradycardia may be observed in both types of
overdose, however, more common in non-DPHs.
High dose DHPs OD loose specificity
• ECG changes include prolongation of the PR
interval, though heart blocks can be observed
• Clinical signs and symptoms of heart failure:
elevated JVD, pulmonary rales, pulmonary edema
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Presentation Continued
• Because of the inhibition of calcium mediated
insulin release, patients are generally
hyperglycemic
• Toxidrome may be obfuscated by other coingestants
• CCBs have neuroprotective capacity so LOC is
relatively spared early on, until hypoperfusion sets in, then rapid decline in LOC

IN summary…

The result?
Cardiogenic shock
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Conventional Management
• Calcium salts
– Calcium chloride or calcium gluconate
– Generally administered as a bolus dose then a
weight based infusion

• Basic resuscitative measures including
fluid for hypotension; atropine may be
trialed in the setting of bradycardias

Conventional Management Con’t
• Glucagon can be used with some efficacy in CCBs,
though not as effective as with BB ODs
• Vasopressors – often needed to manage extreme
hypotension. As CCBs have negative inotropic,
negative chronotropic, vasodilatory effects
norepinephrine and epinephrine addresses these effects

Lipid Rescue
• Have been used in anesthesia contexts with local
anesthetics such as bupivacaine; maybe helpful in
some CCB overdoses (phenylalkylamines) that are
refractory to other therapies
• The putative mechanism by which this works is that
creates a “lipid sink”
• Start with 1.5ml/kg of 20% lipid emulsion (repeat
x2 PRN), and then once stable 0.25ml/kg/min to
max dose 12.5 ml/kg
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H.I.E.T.
High Dose Euglycemic Therapy

Origins of Hiet
• Initially tried in canine and porcine
experiments
– Kerns et al., Compared 3 different
interventions
insulin

Glucagon

Epinephrine

– Holger et al., 2007
• Compared insulin to epinephrine and vasopressors
Insulin group
Pressor group
Kerns et al., 1997; Holger et al., 2007

The human experience
• Numerous case reports of successful use
of HIET
– Case study outcomes range from enormously
successful to fatal outcomes
– Trialed numerous different doses (Lower
dose HIET to MAX dose 10 UNITS/KG/HR)
– No randomized trial to date, DON’T HOLD
YOUR BREATH
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So what do we do?

“Expert Consensus”

St. Onge, 2017

Mechanisms of action
• Many theories and observations
1. Positive inotropic effect on cardiac tissue
• Better effect than with pressors with out
increasing myocardial oxygen demand

2. Peripheral vasodilation
• Up-regulates peripheral vasodilator via nitric
oxide pathway
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Mechanisms of action con’t
3. Increase uptake of glucose in to starving
tissue
• Stress myocardium likes glucose

4. Acts as a positive inotrope by influencing
calcium handling in myocytes
•

Insulin up regulates cAMP, which enhances
calcium availability

Treatment protocol
• Give a bolus dose of regular of 1 unit/kg,
then start an infusion at 0.5 units/kg/hr
to a max dose of 10 units/kg/hr.
– Increasing the gtt by 50% is one approach
until hemodynamic stability is achieved
– Incremental increased have also had success

• Should start to see effect in 30-45
minutes

Using high HIET, without the burn
• Risk of hypoglycemia, though not as high as with BB
ODs, as CCBs create hyperglycemia in OD contexts.
However, still have sequela of insulin therapies
(Mg2+ and K+ intracellular shift)
– Not statistically significant

• Frequent chemstrips monitoring is required (q15-30
min) until stable
• May require supplemental D50W
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Nursing Management
• Advocate for non-invasive hemodynamic
monitoring if available
– Be suspicious if vitals look good, but patient
doesn’t

• Careful monitoring of electrolytes,
particularly potassium (magnesium,
calcium too)

Discontinuing therapy
• 2 distinct approaches
– Slowly taper insulin off as hemodynamics
tolerates
– Just turn it off

• Glucose may be required for 24 hours
after insulin cessation, keep checking

Summary
• Cost effective, widely available
treatment option
• Safe with easily anticipated, and
preventable complications
• Seems to really work, for a multitude of
reasons

13

10/13/18

Thanks for listening
Questions, concerns, comments?
Castro.arias@ahs.ca
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