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Cardiotropic “drugs” in toxicology and in ICU

• Rural toxicants : organophosphates, pesticides …
• Industrial toxicants: cyanide …
• Household toxicants: CO, trichloroethylene …
• Plants : digitalis, aconit, colchicine …
• Over-the-counter: « Best life » (sibutramine)

• Drugs (cardiac and/or vascular toxicity):
– Beta-blockers (class 2)
– Calcium-channel antagonists (class 4)
– Sodium-channel blockers = membrane stabilising agents (class 1)
– Potassium channel blockers : cordarone, sotalol (class 3)
– Cardioglycosides : digitalis (class 5)

A larger entity than cardiovascular xenobiotics



Poisonings with cardiotoxicants
Gummins DD et al. Clin Tox 2022
Gummins DD et al. Clin Tox 2020
Mowri et al. Clin Tox 2016

ATD polycycliques : 3ème cause d’intoxication chez l’adulte (7.1%, vs 
analgésiques = No1, 11.1%) et 2ème de DC.
Agents cardiovasculaires : 4ème cause d’intoxication adulte (6.8%) et 2 
à 4ème cause de DC selon les reports (No1 : paracetamol 8.9%) ; I. 
Calciques 5% (No6), beta-bloquants 3.6% (No7)

Human exposures with less serious outcomes have 
decreased since 2008 but those with more serious 
outcomes have increased 4.56% / year since 2000



Une intoxication par cardiotropes est un facteur de surmortalité 

Décès = 10% si intoxication par cardiotropes
(choc sur cardiotrope = 24%)

Nombre total d’intoxications

Etat de choc

100 % 4 %

11 % 31 %

N= 3672 Mortalité

Un choc sur une intoxication est un facteur de surmortalité
Lariboisiere ICU (sur 10 ans)



Classification de Vaughan-Williams 
des anti-arythmiques

Vaughan-Williams EM. J Clin Pharmacol 1984, 24:129.

Cordarone, Brétylium

Digitaliques



Subdivision de la classe I des anti-arythmiques



Lei et al, 
Circulation 2018

Classe 0 : HCN channel blockers (ivabradine)
Classe I : Voltage-gated Na+ channel blockers ; Ia, Ib, Ic, Id
Classe II : Autonomic inhibitors and activators (récepteurs béta, 

muscariniques, adenosine) ; Iia à IIe
Classe III : K+ channel blockers and openers ; IIIa, IIIb, IIIc
Classe IV : Ca2+ handling modulators ; IVa à IVe
Classe V : Mechanosensitive channel blockers
Classe VI : Gap junction channel blockers
Classe VII : Upstream target modulators
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Poisonings with sodium channel blockers (SCB)
Molecules ayant à doses toxiques un ESM

1
vAnti-arythmiques (classe 1) : quinidine, lidocaine, phénytoïne, méxilétine, cibenzoline, tocaïnide, procaïnamide,

disopyramide, flécaïnide, propafénone

vCertains b-bloquants (classe 2) : propranolol, acébutolol, nadoxolol, pindolol, penbutolol, labétalol, oxprénolol

vAntidépresseurs polycycliques : amitritptyline, imipramine, clomipramine, maprotiline

vInhibiteurs du recaptage de la sérotonine : citalopram, venlafaxine

vAnti-épileptiques : carbamazépine, phénytoïne

vCertaines phénothiazines : thioridazine+++, hydroxyzine (doses extrêmes)

vAntalgiques : dextropropoxyphène (retiré du marché)

vAnti-paludéens : chloroquine, quinine

vCocaïne

vLithium (doses extrêmes)



(vimpat)
(lamictal)

(nautamine, actifed)

(epitomax)

(AE : zonegran)

Lavonas et al, 
Circulation 2023



Mégarbane et al 
AIC 2020

Experts from SRLF, SFMU, STC, SFTA, GFRUP



• Antidote – sodium as bicarbonate 8.4% or other concentrated
form (750 ml, 1mmol/ml) : if MAP < 65 mmHg and QRS > 120 ms

• Symptomatic : vasopressors, intubation
• Diazepam if chloroquine
• No other antiarrythmic treatment proven
• Empirical indication ECLS if > 3mg/h (0.5µg/kg/min) epinephrine

and not improving

Treatment for sodium channel blockers poisoning



Lavonas et al, 
Circulation 2023



Lipid emulsion to treat cardiotoxicant drug-related toxicity
Fat emulsion for local anesthetic toxicity

(MedialipidTM, IntralipidTM)2

Better decrease in serum concentrations for lipophilic
cardiotoxins with high partition constant and distribution volume

® Cardiotonic activity
- Other toxin-specific mechanisms? 
- Vaso-active and cytoprotective properties? 

Sirianni AJ. Ann Emerg Med 2008
Finn SD. Anesthesia 2009
Weinberg GL. Anesthesiology 2009
Dean P. Anesthesia 2010



2023



Evidence-based recommendations on the use of 
intravenous lipid emulsion therapy in poisoning

Mégarbane et al. AIC 2020.
SRLF, SFMU, STC, SFTA, GFRUP



Lavonas et al, 
Circulation 2023



Calcium-channel antagonist poisonings

Five different CCB classes: 

üDihydropyridines (nifedipine and 
amlodipine)

üPhenylalkylamine (verapamil)

ü Benzothiazepine (diltiazem)

üDiphenylpiperazine (mibefradil)

üDiarylaminopropylamine (bepridil). 

3

Biological Predictive value of severity : hyperglycemia, drugs concentrations (verapamil)



Fearnley et al, Cold Spring Harb Perspect Biol 2011

Intracellular calcium: positive inotropic effect, positive effect on 
mean arterial pressure, heart rate and conduction abnormalities

Touyz et al.
Cardiovasc Res
2007

High doses of calcium gluconate appeared to be more effective than 
lower doses. Monitoring: ionized calcium < 1.5-2 upper limit



Insuline

Calwat et Cobb, Pharmaco Ther, 2017. Mechanisms of the 
amplifying pathway of insulin secretion in the β cell

Better outcomes are reported using insulin with lower 
rates of vasoconstrictive complications than 
vasopressor-only therapy.

Bolus 1 UI/kg followed by 1-10 UI/kg/h
Monitoring: Protocolized care reduces the risk of 
hypoglycemia. Hypokalemia and volume overload. 

Bartlet, Crit Care Nurse 2016

•.



• Some dihydropyridines :
• Antioxydants
• Increase endothelial NO synthase and its ARNm 
• At toxic concentrations, participation of NO may be important

BMJ case reports, 2012



Lavonas et al, 
Circulation 2023



• Atropine 
• Glucagon
• Dobutamine
• Isoprenaline – specific antidote beta receptor
• Dialysis (atenolol, sotalol or bisoprolol if terminal renal failure) 
• Repeated activated charcoal (severe poisoning, PL)
• Insulin-euglycemia
• Lipid emulsion?
• ECMO

Beta-blocker poisonings treatment 4

According to severity and prognosis (value of blood lactate on admission)
Depending of presence of MSA (excess of mortality): other treatments



Glucagon - transduction of beta1 signal

Goldstein and Gordon, Endocrinology 2018
Bers, Nature 2002

propranolol

Goldstein and Gordon, Endocrinology 2018



• 10 healthy subjects, glucagon vs placebo 
• Glucagon 50 µg/kg IVL over 2 min or continuous IV over 30 min

Petersen et al, JAHA 2020



Petersen et al, JAHA 2020



Dialysis for BB clearance – Extrip 2021 
(systematic review & recommendations)

Bouchard et al, Crit Care, 2021
Hemodialysis (not continuous VV techniques) as long as persistent shock



Lavonas et al, 
Circulation 2023



Cardioglycoside poisonings 
digitalis poisoning

5

Main prognostic factors: 
male, aged, with AVB/arrythmia and hyperkaliemia



Lavonas et al, 
Circulation 2023



Lavonas et al, 
Circulation 2023 Cocaine poisoning6

Mechanisms of 
arrhythmia:
- Sodium channel
blockade
- Potassium channel
blockade
- Catecholamine
excess and CNS 
agitation 
- Myocardial ischemia
and infarction



Lavonas et al, 
Circulation 2023

7

Sympathomimetics: cocaine, amphetamines, cathinones, and some synthetic cannabinoid receptor …
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Huser C, et al. Resuscitation 2022

Poisoning = independent protective 
prognostic factor in multivariate analysis 
(OR 2.47, 95%-CI [1.71–3.57])

In P-OHCA patients with initial PEA, survival 
with good outcome (SFO) was comparable 
to initial VF (34.3 % vs. 37.7%)

In patients with asystole and CPR > 20 min, 
SFO = 2.0% in P-CA patients versus 0.4% in 
NP-CA patients.



Lacoste-Palasset, Mégarbane, Deye. 
Resuscitation 2022

Causes of CA : 
most P-CA resulted from hypoxic causes (70%) 
compared to NP-CA (22%). 

Poisoning by
- cardiotoxicants in 11 patients (26%): SFO 46%, 
- psychotropic drugs in 29 (67%): SFO = 35%,
- drug inhalation in 3 patients (7%): SFO = 0%, 

Non ECMO cohort



Lavonas et al, 
Circulation 2023



Basic Clin Pharmacol Toxicol 2023
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Mégarbane et al 
AIC 2020

Experts from SRLF, SFMU, STC, SFTA, GFRUP



Lavonas et al, Circulation 2023




