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ABSTRACT

Drugs that inhibit voltage-dependent sodium channels are commonly used to treat epilepsy. Old and novel antiepileptic drugs are used either 

as monotherapy or in combination to control epilepsy. For a long time, carbamazepine has been used as the first choice for the treatment 

of simple and complex partial seizures. In the USA, lacosamide was approved in October 2008 as an adjunctive treatment for partial-onset 

seizures. We describe the effect of two sodium channel blockers on the heart of a patient with epilepsy.

LEARNING POINTS

• Approximately 30% of patients with epilepsy require combination therapy with antiepileptic drugs for seizure reduction. 

• Lacosamide and carbamazepine are both sodium channel blockers but exert their effects through different mechanisms. 

• Electrocardiogram monitoring is necessary when lacosamide and carbamazepine are used together as this combination may predispose 

to seizures, conduction abnormalities and dysrhythmia. 
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INTRODUCTION

Some anticonvulsant drugs may cause seizures and dysrhythmia if administered in too high a dose. Many drugs including antiarrhythmic 

and antiepileptic drugs (AEDs) act as sodium channel blockers. Lacosamide and carbamazepine are both AEDs which act through blockade 

of voltage-dependent sodium channels, but they exert their effects through different mechanisms. We present a case where a combination 

of two AEDs acting as sodium channel blockers led to tonic-clonic seizures and significant ECG changes similar to those seen with tricyclic 

antidepressants, and which required immediate intervention to prevent further seizures and lethal cardiac dysrhythmia. 

CASE DESCRIPTION

A 68-year-old man with a known history of epilepsy, hypertension and atrial fibrillation was admitted to hospital with a 1-week history of 

recurrent seizures. His chronic medication included extended-release carbamazepine 400 mg twice daily, bisoprolol 5 mg once daily and 

apixaban 5 mg twice daily. The patient and his family members confirmed good compliance with medication. The patient’s blood pressure 

was 130/80 mmHg and he had an irregular pulse of 70–80 beats per minute, a respiration rate of 20 breaths per minute and a normal 
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temperature. Physical examination revealed an irregular heartbeat; the rest of the examination was unremarkable. Magnetic resonance 

imaging (MRI) of the brain showed no changes since the previous imaging. Laboratory tests revealed no significant deviations from normal 

reference values. His ECG (Fig. 1) showed controlled atrial fibrillation and right axis deviation. No clear cause for the recurrent seizures was 

found.

Figure 1. Atrial fibrillation with controlled ventricular rate and 

right axis deviation

Lacosamide 50 mg twice daily was started as adjunctive therapy in addition to the carbamazepine. Follow-up over the first week showed a 

significant reduction in seizures but the follow-up ECG demonstrated no changes. After 1 week, the dose of lacosamide was increased to 100 

mg twice daily. After the second 100 mg dose of lacosamide, the patient developed a generalized tonic-clonic seizure and ECG monitoring 

showed a wide QRS complex. Lorazepam 4 mg was given intravenously to control the seizure and the airway was secured. The patient was 

transferred to the intensive care unit.

His ECG showed a regular rhythm with heart rate of 93 beat/min with very wide QRS complex of 0.24 ms and a dominant secondary R (terminal 

R’) wave in lead AVR (Fig. 2). The picture of tonic-clonic seizure after the increased dose of lacosamide in combination with carbamazepine 

and significant changes on ECG, particularly the extreme widening of the QRS with a dominant secondary R wave in lead AVR, raised the 

possibility of sodium channel blocker (lacosamide and carbamazepine) toxicity similar to a tricyclic antidepressant overdose. The airway 

was secured with intubation and mechanical ventilation to maintain the pH above 7.50 through hyperventilation, and intravenous sodium 

bicarbonate was started with 100 mEq boluses every 5–10 minutes with close monitoring of the QRS complex width on the monitor and 

ECG. Electrolytes were all within the normal range. Gradually the width of the QRS started to narrow and venous blood gases showed a pH 

of 7.51. After 2 hours, the follow-up ECG was almost back to baseline (Fig. 3) and the patient was extubated after a few hours. An alternative 

antiepileptic medication, levetiracetam, was started and lacosamide and carbamazepine were discontinued. 

DISCUSSION 

Research has showed that nearly two-thirds of patients with epilepsy require monotherapy with AEDs, with the other third needing a 

combination of AEDs [1]. To reduce seizure frequency and activity, the physician can select a combination of AEDs, taking into consideration 

the pharmacodynamics and possible pharmacokinetic interactions between them [2]. AEDs most commonly inhibit voltage-dependent 

sodium channels located on the cell membrane and alter the sodium current. For a long time, carbamazepine has been used as the first 

choice to treat simple and complex partial seizures. In the USA, lacosamide was approved in October 2008 as an adjunctive treatment for 

partial-onset seizures [3]. Depolarization of cardiomyocytes (atria and ventricles) and neurons depends on voltage-gated sodium channels 

creating and propagating action potentials, which suggests that blocking these channels with medication will result in the prolongation of 

depolarization in these excitable cells [4]. In concentration-dependent behaviour, both carbamazepine and lacosamide inhibit the cardiac 

sodium channel SCN5A [5]. 
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Figure 2. Significantly wide QRS complex of 0.24 ms and secondary R 

wave (terminal R’) in lead AVR 

However, through its novel mechanism, lacosamide enhances and stabilizes the slow-inactivation of the voltage-gated sodium channels 

as opposed to other antiepileptic medications such as carbamazepine which exert their efficacy mainly on the fast-inactivation sodium 

channel[6]. This may explain the possible amplified cardiac effect when the dose of lacosamide is increased or it is added to other sodium 

channel blockers like carbamazepine.

There are limited data regarding cardiac arrhythmia and AEDs in the literature [7]. DeGiorgio et al. reported a case of ventricular tachycardia 

associated with lacosamide co-medication in drug-resistant epilepsy [8]. Another case report demonstrated conduction disturbances and 

arrhythmias related to lacosamide treatment [9]. 

We report the case of a patient with epilepsy who developed tonic-clonic seizures and significant ECG changes similar to those seen in 

tricyclic antidepressant cardiac toxicity, when the dose of lacosamide, newly prescribed as an adjunctive therapy to baseline carbamazepine, 

was increased. The ECG changes included significant widening of the QRS complex to 0.24 ms in addition to a dominant secondary R wave 

(terminal R’) in lead AVR, which is consistent with the side effects of sodium channel blockers on the conduction system of cardiomyocytes. 

Prolongation of the QRS complex above 100 ms is associated with seizures, while serious ventricular dysrhythmia may occur if the width 

of the QRS is greater than 160 ms. In our patient, the combination of two AEDs acting as sodium channel blockers, namely lacosamide 

and carbamazepine, led to paradoxical tonic-clonic seizures and significant conduction abnormality on ECG that may predispose to serious 

ventricular arrhythmia. Treatment approaches in the setting of sodium channel blockade AED toxicity include benzodiazepines as the 

Figure 3. ECG almost back to baseline after treatment with sodium 

bicarbonate 
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primary treatment for seizures, repeated doses of intravenous sodium bicarbonate with a goal of pH 7.45–7.55 and continuous monitoring 

of ECG to assess response. Hyperventilation in the intubated patient may also be utilized to further alkalinize serum. Fortunately, in our 

case, although the width of the QRS reached 0.24 ms, no serious ventricular dysrhythmias were recorded, and the response to repeated 

intravenous sodium bicarbonate boluses showed improvement in QRS width. An alternative antiepileptic medication with a different 

mechanism, levetiracetam, was started and lacosamide and carbamazepine were discontinued. No more seizures were recorded.

CONCLUSION 

The combination of two antiepileptic drugs which act as sodium channel blockers, such as lacosamide and carbamazepine, needs to be 

monitored with ECG since it may predispose to seizures, conduction abnormality and dysrhythmia.


