Multi-organ dysfunction as a presentation of calcium
channel blocker intoxication
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Summary We report the case of a 73-year-old woman
who intentionally ingested 400 mg of amlodipine in a
suicidal attempt who initially presented with hypotension
which persisted despite aggressive therapy with fluid
resuscitation, multiple pressor support, high-dose

insulin therapy and calcium infusion. Her haemodynamic
instability evolved to include bradycardia requiring
atropine and transcutaneous pacing. Eventually she
required salvage therapy with intravenous lipid emulsion
(ILE) therapy . Despite all aggressive therapy, she
developed multi-organ failure resulting in death. The
literature on high-dose insulin euglycaemic therapy
(HIET) and ILE therapy shows mixed results with some
showing significant improvement in haemodynamic
status. In our case, it had no significant positive impact
on the outcome.

BACKGROUND

Amlodipine is a dihydropyridine calcium channel
blocker (CCB) which is commonly used in the
management of essential hypertension and angina
pectoris. Amlodipine has a low metabolic clearance,
unlike other CCBs, with an advantage of using a
once-daily dosage to maintain a near-constant
plasma concentration.’

CCBs are widely prescribed cardiovascular medi-
cations with potentially lethal adverse effects even
at mild overdoses. The current management of
CCB overdose is mainly supportive with various
measures including gastrointestinal decontami-
nation, fluid resuscitation, intravenous calcium,
vasopressor agents, atropine, high-dose insulin
euglycaemic therapy (HIET) and cardiac pacing.’
Recently, intravenous lipid emulsion (ILE) therapy
has emerged as a promising measure in management
of CCB toxicity. ILE has been used previously in
local anaesthetic toxicity, but recently, multiple case
reports using ILE as an antidote for a wide range of
lipophilic xenobiotic poisonings were published.”
ILE used in CCBs toxicity has demonstrated mixed
results with some efficacy and a unique complica-
tion by preventing the use of renal replacement
therapy.®*

We review the literature and discuss the need for
further research into CCB intoxication and its fatal
consequences.

CASE PRESENTATION

A 73-year-old woman presented to the emergency
department with altered mental status and agitation
following an intentional overdose with 40 tablets
of her 10 mg amlodipine prescription. A friend
contacted medics and raised concern for potential
overdose with an estimated time of ingestion 12
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hours prior to presentation. On initial presentation,
the patient was hypotensive, but was otherwise not
bradycardic and had an initial Glasgow Coma Scale
(GCS) of 15.

Medical history was significant for noncom-
pliance with medical follow-up and medication
adherence, schizoaffective disorder with previous
suicide attempts, poorly controlled hypertension
and dextrocardia.

INVESTIGATIONS

Initial laboratory (lab) studies were concerning for
acute kidney injury complicated by hyperkalaemia
and metabolic acidosis, an elevated lactate of 8.4
mmol/L, mild elevation of transaminases and a
Thyroid stimulating hormone (TSH) of 9.09 1U/mL.
Blood glucose was also elevated, above baseline, at
167 mg/dL (table 1). Otherwise, high-sensitivity
troponins, brain natriuretic peptide, acetamino-
phen, salicylate levels and urine drug screens were
normal.

A stat ECG showed junctional rhythm with
atrioventricular dissociation and a regular rate (see
figure 1). A two-dimensional transthoracic echocar-
diogram revealed normal size left ventricle, ejection
fraction of 55%-60%, moderate mitral regurgita-
tion and an elevated mean left atrial pressure. A
chest X-ray (CXR) showed dextrocardia with no
evidence of cardiomegaly, evidence of vascular
congestion nor focal infiltrates.

DIFFERENTIAL DIAGNOSIS

Considering that collateral history had already
provided a known toxic ingestion and lab work
revealed acute metabolic disturbances, the
remaining primary differential diagnosis included
possible coingestion of other pharmaceutical agents
or illicit substances, an acute psychotic episode,
infection and less likely hepatic encephalopathy or
myxoedema.

TREATMENT

The patient presented with vasoplegic shock
complicated by multi-organ dysfunction that was
unresponsive to fluid resuscitation with crystalloids
and close monitoring. Therefore, after 5 hours from
presentation, vasopressor support was initiated in
the form of a norepinephrine drip. Unfortunately,
the patient became minimally responsive with a GCS
of <8; therefore, the decision was made to intubate
and mechanically ventilate the patient for airway
protection. She was transferred to the intensive
care unit where high-dose insulin therapy, calcium
infusion, volume resuscitation and up-titration of
vasopressors were executed. A sodium bicarbonate
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Table 1 Laboratory findings on presentation compared with the
laboratory finding on the day of mortality

Day 3 (on the day patient

Labs Day 1 (on presentation) expired)
BUN, serum 35 mg/dL 38 mg/dL
Creatinine, serum 2.59 mg/dL 2.25 mg/dL
eGFR 15 mL/min 21 mL/min
Potassium, serum 5.2 meq/L 4.1 meg/L
Bicarbonate, serum 19 mmol/L 20 mmol/L
Lactate, serum 8.4 mmol/L 3.2 mmol/L
Glucose, serum 167 mg/dL 124 mg/dL
Anion gap, serum 19 5

AST 65 U/L 227 UL

ALT 67 U/L 248 U/L
Alkaline phosphatase 50 U/L 51 UL

ALT, Alanine transaminase; AST, Aspartate transaminase; BUN, Blood urea nitrogen; eGRF,
Estimated Glomerular Filtration Rate.

drip was also added due to worsening metabolic acidosis. No
significant improvement was made in terms of haemodynamic
stability and the patient’s rhythm ultimately became profoundly
bradycardic requiring atropine and transcutaneous pacing. In
consultation with local poison control, the decision was made
to attempt ILE therapy. Despite these interventions, hypotension
persisted despite four vasopressors, including norepinephrine,
epinephrine, vasopressin and phenylephrine, were ultimately
required. Fever and leucocytosis developed, thus empiric broad
spectrum antibiotic coverage with linezolid and cefepime was
started. Urine output diminished, vascular congestion devel-
oped and the inability to oxygenate occurred despite maximal
ventilator settings. Continuous renal replacement therapy was
attempted, but the patient’s blood pressure could not tolerate
any fluid removal and she became even more unstable. Family
members ultimately decided to de-escalate the level of care and
shortly thereafter the patient passed away.

OUTCOME AND FOLLOW-UP
Unfortunately, the patient died.

DISCUSSION

Amlodipine is a dihydropyridine CCB, which is widely available
and has a variety of indicated usages. It is highly protein bound,
has a large volume of distribution and a half-life of 30-50
hours.® Dihydropyridines preferentially block the L-type calcium
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Figure 1  ECG on presentation to the emergency department showing
junctional rhythm with atrioventricular dissociation and a regular rate
(see figure file).
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channels in the peripheral vasculature. At standard doses, these
medications are potent vasodilators, but have little negative
inotropic or chronotropic effect. In comparison, standard doses
of the non-dihydropyridines, verapamil and diltiazem, selec-
tively block L-type calcium channels in the myocardium leading
to reduced cardiac conduction and contractility with weak vaso-
dilatory effects.

Dihydropyridine intoxication initially results in arterial vaso-
dilation and reflex tachycardia, but as doses increase receptor
selectivity is lost. At toxic levels, dihydropyridines may nega-
tively affect the myocardium and cardiac conduction system
leading to decreased inotropy, bradycardia and heart block.
Amlodipine toxicity induced-atrioventricular conduction distur-
bances range from prolonged PR intervals to complete atrio-
ventricular dissociation with accelerated junctional rhythm.
Additionally, CCBs selectively dilate the afferent branch of capil-
lary networks which, in states of preserved or increased blood
flow, may lead to oedema formation including non-cardiogenic
pulmonary oedema (NCPE). A cohort study, by Erik et al, inves-
tigated amlodipine poisoning and found an incidence of 47%
of NCPE of the whole cohort and 64% who did not go on to
develop complete haemodynamic collapse.®

Consensus guidelines for amlodipine intoxication have been
established and these include calcium infusion for all, preferen-
tial use of norepinephrine in the presence of vasodilatory shock,
and HIET in the presence of vasodilatory shock. There is no
formal recommendation regarding fluid repletion due to limited
evaluation, but nonetheless fluid administration is considered
first line therapy. Intralipid emulsion therapy, inotropes, trans-
cutaneous pacing, atropine and additional vasopressors are more
or less considered salvage therapies with weak levels of evidence
and low strength of recommendations.”

Management for CCB toxicity is evolving although slowly.
Data are limited and high-quality studies are challenging, if not
impossible, to perform. The therapy that is gaining the most
support is HIET. In particular, HIET has shown some benefit in
scenarios with proven myocardial dysfunction.® In poor haemo-
dynamic conditions, cardiac myocytes transition from oxidising
free-fatty acids, as a preferred energy source, to carbohydrates.
CCBs also affect channels in pancreatic islet cells which lead
to decreased insulin secretion, associated hyperglycaemic and
reduced myocardial glucose utilisation hence impairing inot-
ropy.” HIET theoretically overcomes hypoinsulinaemia and
insulin resistance, in cardiac myocytes, by improving glucose
uptake, myocardial utilisation of glucose and thus restores the
impaired cellular energy platform which leads to haemodynamic
deterioration.® 113

HIET protocol includes an initial insulin bolus of 1 units/kg
followed by insulin infusion of 0.5 units/kg/hour along with 10%
dextrose in half-normal saline. Blood glucose is checked at least
once every 30 min and hypertonic glucose may be required to
maintain blood glucose in the upper normal range. Addition-
ally, supplemental potassium may be required to prevent severe
hypokalaemia.'*

Since the mid-1980s, new prescriptions for CCBs have
increased exponentially.” CCBs are the leading cause of cardio-
vascular drug overdose and are responsible for 48% of deaths
related to cardiovascular drug exposure.'® The potential for
toxicity with CCBs is substantial and frankly underappreciated.
Our case shows a patient who was found to have vasoplegic
shock, multi-organ dysfunction and atrioventricular dissoci-
ation, related to amlodipine overdose who ultimately passed
away. This illustrates how important it is to understand the
underlying pathophysiology and supported therapies as well
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as to continue pursuit of effective treatment strategies as this
presentation becomes more and more commonplace.

Learning points

» Patient presenting with calcium channel blockers (CCBs)
(amlodipine) intoxication can be presented with multi-organ
dysfunction and will inmediately need to be managed in the
intensive care unit.

» Monitoring for anticipated complications and targeted
management of these complications can be lifesaving.

» Early initiation of high-dose insulin euglycaemic therapy has
been proven effective in some cases of CCBs toxicity and
should be considered.
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