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Abstract
Background: Cocaine toxicity is frequently mediated by sympathomimetic eftects; however, 1 Emergency Medical Service of the
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Case presentation: A 25-year-old man with unknown medical history presented after Zagreb, Croatia
confirmed cocaine use with altered mental status and seizures. During initial resuscitation, * Gorresponding author:
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Discussion: This case illustrates the electrophysiological consequences of cocaine-induced > fume .
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sodium channel blockade, typical electrocardiographic findings, and the role of sodium

bicarbonate as targeted therapy.
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Conclusion: Early recognition of sodium channel toxicity and prompt administration of sodium
bicarbonate, alongside comprehensive supportive care, are critical to improving outcomes in

severe cocaine-related cardiotoxicity.
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Uvod: Toksi¢nost kokaina ¢esto je posredovana simpatomimetickim u¢incima; medutim,
izravna inhibicija brzih natrijevih kanala u srcu (Nav1.5) moze dovesti do o frekvenciji ovisnog
intraventrikulskog poremecaja provodenja, produljenja QRS-a i po Zivot opasnih ventrikulskih
aritmija.

Prikaz slucaja: Muskarac od 25 godina s nepoznatom anamnezom zaprimljen je nakon
potvrdenog koristenja kokaina s poremecenim mentalnim statusom i konvulzijama. Tijekom
pocetne resuscitacije razvio je progresivnu tahikardiju sa $irokim QRS kompleksom, $to je
rezultiralo sr¢anim zastojem. Povrat spontane cirkulacije postignut je nakon naprednih mjera
odrzavanja Zivota i primjene hipertoni¢nog natrijeva bikarbonata. Bolesnik je zahtijevao
intenzivno lijecenje, ali se oporavio uz korekciju metabolickih poremecaja i potporne mjere.

Rasprava: Ovaj slucaj prikazuje elektrofizioloske posljedice blokade natrijevih kanala inducirane
kokainom, tipi¢ne elektrokardiografske nalaze, te ulogu natrijeva bikarbonata kao ciljane terapije.

Zakljucak: Rano prepoznavanje toksi¢nosti natrijevih kanala i pravodobna primjena natrijeva
bikarbonata, uz sveobuhvatnu potpornu terapiju, klju¢ni su za poboljsanje ishoda u teskoj =

kardiotoksi¢nosti p ovezanoj s kokainom. Published under the Creative Commons

Attribution 4.0 International License
Kljucne rijeci: aritmija; kokain; natrijev bikarbonat; natrijev kanal; prosirenje QRS-a htips://creativecommons.org/licenses/by/4.0
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Introduction

Cocaine remains a major contributor to drug-related
emergency department visits and is associated with
substantial cardiovascular morbidity and mortality. Cardiac
complications range from transient conduction abnormalities
to myocardial ischemia, cardiomyopathy, malignant
arrhythmias, and sudden cardiac death (2,3). While enhanced
sympathetic activity and coronary vasoconstriction are well-
recognised contributors, cocaine also exerts direct toxic
effects on cardiac ion channels (1-3).

Cocaine cardiotoxicity is caused by use-
dependent blockade of cardiac sodium
channels (Nav1.5), leading to QRS
widening, rate-dependent conduction
slowing, and arrhythmias. Sodium
bicarbonate can reverse this and is
potentially lifesaving..

Experimental and clinical evidence shows that cocaine inhibits
fast sodium channels (Nav1.5) and modulates calcium and
potassium currents (1-3). Sodium channel inhibition reduces
the slope of phase 0 depolarisation, resulting in slowed
ventricular conduction and QRS prolongation. This interaction
is state- and use-dependent, intensifying at higher heart
rates and with repetitive depolarisation, thereby explaining
the association between tachycardia and progressive QRS
widening (1-3).

Recognition of toxic sodium channel blockade is clinically
important because management differs from that for
ischemic or structural causes of wide-complex arrhythmias.
In this context, sodium bicarbonate represents a targeted and
potentially lifesaving intervention (2,4).

Case presentation

A 25-year-old man with no known chronic illnesses and no
regular medications was brought to the emergency department
for an altered mental status. On arrival, he was febrile,
tachycardic, tachypneic, hypotensive, and actively seizing with
associated myoclonus. Urine toxicology screening was positive
for cocaine and amphetamines.

During early resuscitation, the patient developed worsening
tachycardia with progressive QRS widening, which rapidly
degenerated into cardiac arrest. Advanced life support was
initiated, including endotracheal intubation and mechanical
ventilation. Benzodiazepines were administered for seizure
control. A bolus of hypertonic sodium bicarbonate was
given, after which narrowing of the QRS complex was
observed, followed by return of spontaneous circulation after
approximately eight minutes.

Laboratory evaluation revealed severe lactic acidosis, markedly
elevated creatine kinase consistent with rhabdomyolysis,
and transient renal and hepatic dysfunction. Computed
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tomography of the head showed no acute intracranial
pathology. The patient was admitted to the intensive care
unit, where metabolic abnormalities were corrected, and organ
function improved. He was discharged from the ICU in stable
condition after six days and referred for psychiatric follow-up.

Initial electrocardiograms showed markedly prolonged
QRS complexes with lateral ST-segment depressions and
ST elevation in lead aVR. Following sodium bicarbonate
administration, serial ECGs showed progressive QRS
narrowing and stabilisation of cardiac rhythm, consistent with
reversal of sodium channel blockade.

Discussion

Cocaine produces conduction abnormalities through direct
inhibition of Navl.5 channels, binding preferentially to
activated and inactivated channel states (1). This interaction
reduces inward sodium current and delays ventricular
depolarisation. Because binding is use-dependent, tachycardia
exacerbates conduction slowing and promotes QRS
prolongation (1-3).

In addition to sodium channel inhibition, cocaine disrupts
repolarising potassium currents, alters intracellular calcium
handling, induces mitochondrial dysfunction, and triggers
catecholamine excess and myocardial ischemia (2,5,6). These
overlapping mechanisms create a proarrhythmic substrate
capable of producing ventricular tachycardia, ventricular
fibrillation, and transient Brugada-like electrocardiographic
patterns (2,5).

Cocaine’s multi-channel cardiac toxicity
and catecholamine surge predispose
to malignant arrhythmias, highlighting
the importance of early recognition and
supportive interventions.

Clinical manifestations of cocaine-induced sodium channel
toxicity range from asymptomatic conduction delay to
unstable wide-complex arrhythmias and sudden cardiac
arrest. Electrocardiographic findings suggestive of sodium
channel blockade include QRS duration exceeding 100-120
ms, a prominent terminal R wave in lead aVR, and rightward
terminal QRS axis deviation (2,4). Progressive QRS widening
with increasing heart rate is particularly concerning and
correlates with arrhythmic risk (2,4).

Metabolic acidosis, electrolyte abnormalities, co-ingestion of
other cardiotoxic substances, and underlying structural heart
disease or channelopathies may exacerbate toxicity (2,6).

Management priorities include airway protection, seizure
control, and attenuation of sympathetic overactivity, most
commonly with benzodiazepines (2,4). When sodium channel
blockade is suspected, intravenous sodium bicarbonate is the
treatment of choice (2,4,6).
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The therapeutic benefit of sodium bicarbonate is attributed to
serum alkalinization, which reduces drug-channel binding
affinity, and increased extracellular sodium concentration,
which competitively mitigates channel blockade (2,4).
These effects frequently result in rapid QRS narrowing and
hemodynamic improvement. Repeated boluses or infusion
may be required, guided by ECG response and acid-base status.

Antiarrhythmic agents with sodium channel-blocking
properties should be avoided, and p-blockers lacking
a-adrenergic antagonism should be used cautiously due to the
risk of unopposed vasoconstriction (7). In refractory cases,
lipid emulsion therapy or extracorporeal life support may be
considered (2,6).

Conclusion

Cocaine-related cardiotoxicity is multifactorial, with direct,
use-dependent sodium channel inhibition representing a
central and potentially reversible mechanism. In patients
presenting with wide QRS tachyarrhythmias and suspected
stimulant exposure, toxic sodium channel blockade should
be promptly considered. Early ECG recognition and timely
administration of sodium bicarbonate, in conjunction with
comprehensive supportive care, can be lifesaving.
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