Received: 20 October 2022 Accepted: 5 December 2022

DOI: 10.1111/bcp.15642

SHORT COMMUNICATION

BRITISH
5 l‘_a‘ PHARMACOLOGICAL
2 SOCIETY
I\ X

High-dose insulin should NOT be used without vasopressors in

calcium channel blocker toxicity

Saskia J. Rietjens?
Dylan W. de Lange 2

| Tessa E. van Riemsdijk*

| Maaike A. Sikma 2

1Dutch Poisons Information Center, University Medical Center Utrecht, Utrecht University, Utrecht, Netherlands

2Department of Intensive Care Medicine, University Medical Center Utrecht, Utrecht University, Utrecht, Netherlands

Correspondence

Saskia J. Rietjens, Dutch Poisons Information Center, University Medical Center Utrecht, Utrecht University, PO Box 85500, Utrecht 3508 GA, Netherlands.

Email: s.rietjens@umcutrecht.nl

KEYWORDS: calcium channel blocker, high-dose insulin, intoxication, overdose, poisoning, vasopressors

1 | CALCIUM CHANNEL BLOCKER
OVERDOSE: CLINICAL EFFECTS AND
TREATMENT

Calcium channel blockers (CCBs) are widely prescribed for different
cardiovascular disorders, e.g., hypertension, coronary artery disease
and cardiac arrhythmias. The primary mechanism of action of CCBs is
inhibiting calcium influx by antagonism of the L-type voltage-gated
calcium channels in vascular smooth muscle cells and cardiomyo-
cytes. In overdose, CCBs can cause serious complications, such as
severe hypotension, bradycardia and a diversity of conduction distur-
bances. Within the group of cardiovascular drugs, CCBs are the lead-
ing class of drugs associated with the largest number of poisoning
fatalities.! Treatment of CCB overdose should first be aimed at
aggressive gastrointestinal decontamination, particularly in case of
patients with large recent ingestions, and supportive care, i.e., the
administration of intravenous fluids, and correction of metabolic aci-
dosis and electrolytes.>® Patients with severe CCB poisoning may
need a well-tailored combination of interventions, e.g., the adminis-
tration of calcium, high-dose insulin (HDI) and vasopressors.*® In
patients refractory to these treatments, intravenous lipid emulsion or
extracorporeal life support should always be considered as last resort

therapy.4'5

2 | PROPOSED MECHANISM OF ACTION
OF HDI

HDI is nowadays recommended as a first-line therapy for severe CCB
poisoning based upon methodologically very modest evidence.® There
are many proposed mechanisms for the effects of HDI in CCB poison-
ing. It is thought that HDI supports cardiac metabolism during cardio-
genic shock. When cardiomyocytes become ‘stressed’, their
metabolism switches from free fatty acids to glucose. HDI enhances
inotropic function by increasing myocardial glucose uptake. In addi-
tion, during overdose, CCBs may inhibit calcium channels outside the
cardiovascular system. Blockage of calcium channels of pancreatic
islet cells decreases insulin release resulting in hyperglycaemia.®” In
this context, HDI improves the metabolic dysfunction observed fol-
lowing CCB poisoning. Furthermore, HDI is thought to alter intracellu-
lar calcium handling, which also contributes to the inotropic effect.® In
addition, HDI causes vasodilatory effects, likely by increasing endo-
thelial nitric oxide synthase (eNQOS) activity via activation of the
phosphatidylinositol-3-kinase (PI3K) pathway. This results in increased
production of endothelial nitric oxide (NO), enhancing microvascular
perfusion. The HDI-induced decrease in vascular resistance (vasodila-
tion) results in enhanced cardiac output.8 In cell culture systems,

supraphysiological doses of insulin are often required to increase
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eNOS activity above basal levels,” which is consistent with the need
for relatively high insulin dosing to elicit beneficial vascular effects
during CCB overdose. In order for HDI to be of greatest benefit, it
should ideally be initiated early in the course of the intoxication rather

than as a rescue therapy in refractory cases.®1%1

3 | CURRENTEVIDENCE FOR USING HDI
IN CCB OVERDOSE: METHODOLOGICALLY
FLAWED

A workgroup of experts involved in the care of poisoned patients
developed evidence-based recommendations to guide the in-hospital
management of CCB poisoning.> The workgroup recommends the use
of HDI in symptomatic patients as a first-line therapy if evidence of
myocardial dysfunction is present. The proposed dose regimen of HDI
includes a bolus of 1 U/kg followed by an infusion of 1 U/kg/h with
maintenance of euglycemia with a dextrose infusion as needed. For
the therapy of patients in refractory shock or periarrest, the work-
group recommends as rescue treatment incremental doses of HDI
(up to 10 U/kg/h) if evidence of myocardial dysfunction is present.

Although HDI is currently proposed as a first-line treatment for
severe CCB poisoning, the clinical evidence is limited, as it is largely
based upon animal studies and low-quality observational studies,
which are prone to confounding and bias.!? In the consensus recom-
mendation article by St-Onge et al.” the level of evidence of HDI
therapy in CCB poisoning was classified as ‘Grade D: very low level of
evidence’, i.e., ‘our estimate of the effect is just a guess, and it is very
likely that the true effect is substantially different from our estimate
of the effect’. Especially case reports have a high risk of publication
bias, i.e., positive effects of HDI in CCB overdose are more likely to
be published than negative findings.

In the consensus recommendation article by St-Onge et al.,” it
was stated that prioritization of first-line interventions in symptomatic
patients (i.e., IV calcium, HDI, vasopressors) was not possible as com-
parative studies were rare, and often multiple treatments were con-
currently applied in patients with severe CCB overdose, making it
hard to identify the true effect of a specific intervention. Therefore,
the workgroup emphasized that first-line treatments for symptomatic
patients should be ‘prioritized based on the desired effect tailored to
the individual patient's clinical condition’. Furthermore, patients often
have ingested concomitant toxicants, and analytical confirmation is
frequently lacking, which further complicates the interpretation of

observational studies in this field.

4 | SIDEEFFECTS AND DISADVANTAGES
OF USING HDI

Although HDI is proposed as a first-line treatment in CCB poisoning,
it may have several disadvantages, especially considering the increas-
ing insulin doses which are now being used. Page et al. showed that

despite the apparent beneficial effects of HDI in the treatment of

toxin-induced cardiac toxicity, it caused significant disruption of glu-
cose and electrolyte homeostasis.'®> Hypoglycaemia was common and
in nine of the 22 patients, hypoglycaemia was severe (<2.5 mmol/L).
Hypoglycaemia occurred just as frequently during HDI therapy as
after HDI was ceased. Hypokalaemia was also common, although this
was often mild. Rebound hyperkalaemia after cessation of HDI
occurred in a small proportion of patients. Hypomagnesaemia and
hypophosphataemia were also common. There was no relationship
between insulin dosing and the severity of hypoglycaemia, hypokalae-
mia, hypomagnesaemia or hypophosphataemia.*® Cole et al.!* also
showed that hypoglycaemia and hypokalaemia were common adverse
effects of HDI treatment, highlighting the need for close monitoring
of glucose and electrolytes. Hypoglycaemia occurred less frequently
when more concentrated maintenance dextrose infusions were used.
Also, the use of concentrated dextrose infusions may help to reduce
the risk of volume overload.}* Schult et al.'® showed that volume
overload occurred in approximately 60% of patients with p-blocker or
CCB overdose who were treated with HDI, based on documentation
of pulmonary oedema, peripheral oedema or hyponatraemia.

After HDI is ceased, hypoglycaemia is common and glucose sup-
plementation is often required for a prolonged time. A possible expla-
nation for this finding could be that large doses of glucose
administered during HDI to maintain euglycaemia stimulate endoge-
nous insulin secretion resulting in hypoglycaemia when HDI is ceased
and glucose weaning is attempted.’® On the other hand, persistently
elevated exogenous insulin could also explain the occurrence of hypo-
glycaemia after HDI is ceased.’® A higher insulin infusion rate and
total insulin dose were associated with a longer duration of glucose
administration after ceasing HDI. This suggests that higher insulin
dosing is associated with a more pronounced disruption of insulin/
glucose homeostasis.'® Discontinuation of HDI and dextrose infusions
requires careful monitoring. In addition, too early insulin withdrawal
could result in recurrent hypotension in patients with CCB overdose,
requiring restarting or again increasing the dose of insulin.” %’

Another disadvantage of using HDI is that physicians may be
unfamiliar with HDI and the implementation of this cumbersome ther-
apy.** In contrast, physicians are much more familiar with the use of
vasopressors in the treatment of shock. Furthermore, HDI does take
more preparation time than the use of vasopressors and the onset of

HDI-induced effects is rather slow (approximately 15 to 45 min).2®

5 | HDI: ONE SIZE FITS ALL?

There are three classes of CCBs: dihydropyridines (e.g., nifedipine and
amlodipine), phenylalkylamines (verapamil) and benzothiazepines (dil-
tiazem). They differ in their relative selectivity towards cardiac vs. vas-
cular calcium channels.?° At therapeutic doses, dihydropyridines
predominantly affect vascular smooth muscle cells and show little
effect on the myocardium, and are mainly used to treat hypertension.
In contrast, non-dihydropyridines (verapamil and diltiazem) are rela-
tively selective for the myocardium and are used to treat cardiac

arrhythmias or angina. In general, overdose of non-dihydropyridines
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can cause serious hypotension, bradycardia and a diversity of conduc-
tion disturbances, including complete atrioventricular blockage. 22! In
contrast, dihydropyridine poisoning generally causes more prominent
hypotension accompanied by reflex tachycardia.>?* However, in
severe CCB poisoning, the selectivity for cardiac vs. peripheral vascu-
lar effects can be profoundly decreased, making the cardiovascular
effects less predictable.?

Review articles and consensus recommendations with respect to
the management of CCB overdose basically recommend the same
therapeutic strategy for all types of CCBs and do not focus on individ-
ual CCBs, as it is assumed that selectivity is lost at very high CCB
doses.>?2 However, it is conceivable that the effectiveness and
potential side effects of specific therapeutic interventions vary across
the different CCB classes involved or even within one class of CCBs.
In other words, can the same therapeutic strategy be recommended
for all types of CCBs or should the treatment advice be more tailored
to the specific CCB involved? For example, HDI causes vasodilation,
through enhancing eNOS activity. Amlodipine (in contrast to other
dihydropyridines) also shows vasodilatory actions via increasing the
release of NO in the peripheral vasculature.2?%2* At least theoreti-
cally, HDI could cause synergistic vasodilation when used in patients
with amlodipine overdose. Therefore, despite increasing cardiac out-
put through positive inotropy and vasodilation, it might also cause low
systemic pressures and regional hypoperfusion.

In addition, it is also imaginable that HDI could be less optimal or
even detrimental in specific patients. For example, HDI was ineffec-
tive in a patient with hypertrophic cardiomyopathy who had over-
dosed on diltiazem, metoprolol and amiodarone.?* In this case report
it has been suggested that the inotropic effect of HDI induced out-
flow tract obstruction in a patient with hypertrophic cardiomyopathy.
Obviously, HDI may aggravate haemodynamics in patients with pre-
existing obstructive cardiomyopathy.?®> Additionally, patients with
pre-existing cardiomyopathy with diminished left ventricular ejection
fraction may receive little benefit from HDI, and the clinical course
may even worsen in such patients due to the vasodilatory effects of
HDI.¥*2° Moreover, there are some theoretical concerns about the
safety of HDI in children due to their lower glycogen stores and
potentially greater risk of hypoglycaemia.?® It seems, therefore, inap-
propriate to use a ‘one size fits all’ solution when treating CCB over-
dose, considering the different type of CCBs that are currently on the
market and the fact that not all patients will respond in the same way
to HDI. The patient most likely to benefit from HDI is one with a heart
that has a baseline normal ejection fraction that now has drug-

induced cardiogenic shock.*

6 | VALUE OF VASOPRESSORS IN CCB
OVERDOSE

In general, the selection of vasopressors should be guided by the type
of shock. It is recommended to use norepinephrine to increase blood

pressure in vasoplegic shock (or if myocardial function has not yet
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been assessed). The use of epinephrine is also recommended to
increase contractility and heart rate.® In the presence of myocardial
dysfunction, dobutamine can also be used.> High infusion rates of
vasopressors and inotropes may be required.>?’

One of the main targets for the treatment of CCB overdose is to
maintain adequate tissue perfusion and oxygenation. In a porcine
model of poison-induced cardiogenic shock, the pigs that were trea-
ted with a combination of HDI and norepinephrine had the best cere-
bral tissue oxygenation and longer survival time.?® Although the
pathophysiological mechanism for this better cerebral oxygenation
needs to be elucidated, we can hypothesize that HDI causes some
cerebral vasodilation which prevents cerebral ischaemia and the nor-
epinephrine provides additional driving pressure (i.e., higher mean
arterial pressure) for an adequate brain perfusion.?®

Another potential benefit of the combination of HDI with vaso-
pressors is that this will limit the fluid transfusions necessary to com-
pensate the vasodilation. While there is no clear-cut definition of fluid
overload, recent research suggests increased mortality in critically ill
patients that have increased fluid resuscitation vs. those with a more

limited fluid resuscitation strategy.?®

7 | CONCLUSIONS

We conclude that HDI is a very promising treatment for patients with
a suppressed myocardium induced by CCBs. However, HDI should
not be used injudiciously for every CCB overdose. HDI combined with
ubiquitously available vasopressors might be a smarter start for treat-
ing CCB overdosed patients leading to better brain perfusion, less
fluid overload and minimal peripheral vasodilation. To improve evi-
dence to support the existing treatments, we need comparative stud-
ies to identify the optimal treatment for each specific class of CCB in

various patient groups.
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