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Objective: Voltage-gated sodium channels (VGSCs) play an important role in neuronal excitability and epilepsies. In addition to the brain, VGSCs are also abundant enriched in cardiac tissues and are responsible for normal cardiac rhythm. Theoretically, sodium channel blocking antiseizure medications (SCB-ASMs) may have unwanted cardiac side effects. Lacosamide (LCM) is increasingly used in patients with status epilepticus (SE) due to the availability of intravenous formula. The concerns about the proarrhythmic effect are even higher due to the need for rapid administration of LCM. There were limited data on the cardiac safety of intravenous LCM. Hereby, we performed a study to observe the effect of intravenous loading of LCM in patients with seizures in our Neurological Intensive Care Unit (NICU).

Methods: We retrospectively reviewed the patients using parenteral LCM for seizures in NICU. A routine infusion time of 30 min was performed. The electrocardiogram (ECG) and blood pressure were recorded before and after LCM injection.

Results: We retrospectively reviewed the clinical data of 38 patients using LCM for treating seizures. Two patients had cardiac side effects after LCM loading, one (3.0%) with new-onset first-degree AV block and the other (3.0%) with atrial premature complex. For the quantitative changes of ECG parameter analysis, there was no change in QRS complex, corrected QT intervals, and heart rate except that the PR interval was mildly increased. A mild decrease in the diastolic blood pressure and mean arterial pressure were also observed. None of the above-mentioned parameter alterations required clinical intervention.

Conclusion: We evaluated the cardiac safety concern in real-world epilepsy patients requiring intravenous LCM. Near half of this cohort responded to LCM therapy and there was no life-threatening cardiac adverse effect. Intravenous LCM does have some effects on the ECG parameters and blood pressure but without clinical relevance. Despite the theoretical concern of cardiac adverse effects of LCM, the benefit of seizure control outweighed the risk in patients with status epilepticus or seizure clusters, such as hyperthermia, pulmonary edema, cardiac arrhythmias, or cardiovascular collapse.
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INTRODUCTION

Voltage-gated sodium channels (VGSC) are important ion channels that are responsible for the generation of action potentials (1). VGSCs are known to play an important role in neuronal excitability and epilepsies; especially mutations in VGSC subunit genes such as SCN1A, SCN2A, SCN3A, and SCN8A have been found to cause human epilepsies (2). In addition, many current antiseizure medications (ASMs) block the sodium channels through enhancement of either fast or slow inactivation (3, 4). In addition to the nervous system, VGSCs also are enriched in cardiac tissues and are responsible for the normal cardiac rhythm (5). Theoretically, sodium channel blocking ASMs (SCB-ASMs) may theoretically have unwanted cardiac side effects.

Recent studies have shown increasing cardiac adverse effects among the patients receiving lacosamide (LCM). Kim et al. (6) observed that about one-third of patients would experience cardiac side effects after loading of LCM, with first-degree AV block being most common in their study. A review study conducted by Yadav et al. (7) revealed ventricular tachycardia was the most common reported arrhythmia. The US Food and Drug Administration (FDA) also issued a warning on one of the sodium channels blocking ASMs, lamotrigine. The warning is based on in vitro testing that suggested lamotrigine exhibits Class IB anti-arrhythmic activity that could slow ventricular conduction (QRS complex) and induce cardiac arrhythmia (8). FDA later further required more studies to evaluate the cardiac risk of other medications across the drug class, including carbamazepine, eslicarbazepine, fosphenytoin, lacosamide, oxcarbazepine, phenytoin, rufinamide, topiramate, and zonisamide (9). However, there are debates on this issue, especially lamotrigine did not change ventricular conduction in human studies except for mild PR prolongation (10–13).

Lacosamide is a new ASM and enhances the slow inactivation of the VGSC (4). It has been increasingly used in patients with status epilepticus (SE) due to the availability of intravenous formula (14). Rapid administration of ASMs to terminate seizure activities are crucial in SE that may be related to better cognitive outcomes and overall survival (15). Conversely, the concerns about the proarrhythmic effect of SCB-ASMs are even higher with the rapid loading of LCM. This was known for another old SCB-ASM, phenytoin (16). There were limited data on the cardiac safety of intravenous LCM (6, 17, 18). A Korean study that focused on the cardiac safety of rapid intravenous LCM suggested a relatively higher rate (32.9%) of cardiac adverse event, especially the new-onset first-degree atrioventricular block (22.4%) (6). Hereby, we performed a study to observe the effect of intravenous loading of LCM in patients with seizures in our Neurological Intensive Care Unit (NICU) and concomitant use with other ASMs, anti-hypertensive drugs, or anti-arrhythmia drugs.



MATERIALS AND METHODS


Study Design and Patients

This was a retrospective study that reviewed the medical records of patients older than 20 years old using parenteral LCM for treatment of acute seizures, seizure clusters, and status epilepticus in the NICU at Kaohsiung Chang Gung Memorial Hospital between January 2018 to April 2021. We excluded patients previously using LCM for seizure control. LCM was given after being diluted in 100 cc of 0.9% sodium chloride and infused over 30 min through the volume metric administration set. A loading dose was given after seizure whenever the treating physician considered it appropriate followed by a maintaining dose of LCM twice per day with an interval of 12 h. The dose of the LCM was determined by the treating physician according to experts' recommendations (19). This study was approved by the Chang Gung Medical Foundation Institutional Review Board (IRB No.: 202100716B0).

The clinical information was recorded using a standardized evaluation form, including the onset symptoms, etiology of seizure, seizure treatment, duration needed for seizure termination, concomitant medications, and comorbidities. We also recorded the biochemistry data before the use of LCM.



Definitions and Criteria

Seizure clusters was defined as ≥2 seizures in a 6-hour time (20). SE was defined as continuous clinical and/or electrographic seizure activity that lasted for at least 5 min, or recurrent seizure activity with no recovery period (returning to baseline) between seizures (21). The patient's seizure frequency does not fulfill the definition of seizure clusters or SE were categorized as having an acute seizure.

Seizure termination was evaluated as the cessation of clinical ictal phenomena and the absence of electrographic seizure in electroencephalography (EEG). The electrographic seizure was defined as: (1) spikes, polyspikes, sharp waves, and sharp-and-slow-wave complexes with frequency >2.5 Hz; (2) spikes, polyspikes, sharp waves, and sharp-and-slow-wave complexes with frequency < 2.5 Hz but EEG improvement after IV ASMs or typical spatiotemporal evolution (22). The last ASM that resulted in seizure termination was considered the one that stopped the seizures. To evaluate the effectiveness of LCM, we recorded the sequence of LCM used in treating seizures and if it is the last ASM that stopped the seizures.



Evaluation of Cardiac Safety

A routine baseline electrocardiogram (ECG) was acquired when patients were admitted to NICU. After the injection of LCM was completed, a second ECG was performed in <1 h. ECG parameters including the PR interval, heart rate, the duration of QRS complex, and the corrected QT interval were collected and compared before and after LCM use. Routine blood pressure monitoring was performed every 1 h in NICU. Pre-LCM blood pressure was defined as the closest measured value within 1 h before LCM injection, whereas post- LCM blood pressure was defined as the closest measured value within 1 h after LCM injection. Hypotension was defined as a systolic blood pressure <90 mm Hg or a ≥30% reduction from baseline systolic blood pressure. Bradycardia was defined as a heart rate <50 BPM or a ≥30% reduction in baseline heart rate.



Statistical Analysis

Statistical analyses were performed using the IBM SPSS Statistics for Windows (version 22; IBM Corp., Armonk, NY, USA). The clinical statistics were presented as percentages for categorical data and median plus interquartile range for skewed continuous variables. Categorical variables were assessed using Fisher exact tests and continuous variables were compared using the Mann-Whitney U-test. To compare the changes in the cardiac safety parameters, Wilcoxon Signed-Rank Test was conducted. p values < 0.05 were considered statistically significant.




RESULTS

During the study period (January 2018 to April 2021), 38 patients who received parental LCM were reviewed. The median age of the studied population was 62.0 years old (interquartile range = 35.5–71.25). Seventeen males and 21 females were included. The number of patients treated for acute seizure, seizure clusters, and status epilepticus was six, seven, and twenty-five, respectively. Sixteen patients were taking ASM for underlying epilepsy control and five patients had underlying heart disease, including four patients with atrial fibrillation and one with first-degree AV block. The demographic data of the studied population before the initiation of LCM was presented in Table 1. After the seizure onset, 26 patients received benzodiazepine use, including 24 with lorazepam, one with diazepam, and one with midazolam. During the treatment of seizure, 35 patients had already received other ASMs when LCM was given, levetiracetam was used in 30 patients, valproic acid was used in 25 patients, perampanel was used in six patients, phenytoin and topiramate were used in three patients, lamotrigine was used in two patients, and one patient for each of carbamazepine, phenobarbital, pregabalin, and zonisamide. Other concomitant medications included antiarrhythmic drugs used in seven patients and anti-hypertension drugs used in 10 patients. The detailed concomitant medications used was listed in Table 2. Ten patients were having renal impairment with eight having moderate impairment (eGFR: 30–59.9 ml/min/1.73m2), one severe impairment (eGFR: 15–29 ml/min/1.73m2), and one end-stage renal disease (eGFR: <15 ml/min/1.73m2) with hemodialysis. In our study, only one patient had an abnormal liver function test with two times alanine aminotransferase increment (alanine aminotransferase = 103 U/L) before LCM use.


Table 1. Demographic data of patients using lacosamide.
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Table 2. Concomitant use of other medications at the initiation of lacosamide.
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The usage of LCM was presented in Table 3. LCM was used as a first-line agent for seizure in six (15.7%) patients, second-line in 14 (36.8%), third-line in 16 (42.1%), and fifth-line in two (5.3%). LCM resulted in seizure termination in 17 (44.7%) patients. The loading dose of LCM ranged from 100–400 mg and most of our patients received 400 mg as a loading dose. For those with renal function impairment, the loading dose for LCM ranged from 200–400 mg in the eight patients with moderate impairment, 200 mg for the one with severe impairment, and 200 mg for the one with ERSD with hemodialysis. Only nine patients had side effect after loading of the LCM, including vomiting (n = 4), drowsiness (n = 4), blurred vision (n = 1), headache (n = 1), skin rash (n = 1), and aggravated seizure (n = 1).


Table 3. Usage of lacosamide and side effects.
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ECG was performed in 33 out of 38 patients, not all patients received ECG due to the retrospective design of this study. The five patients without ECG data were still included for the analysis of the change in blood pressure. As for ECG change after LCM loading, one (3.0%) patient had new-onset first-degree AV block and one (3.0%) had atrial premature complex in the followed ECG, both of them received 400 mg loading of LCM. The patient with new-onset first-degree AV block was treated for cluster seizure and received LCM as the third ASM after valproic acid and levetiracetam. The patient with a new atrial premature complex was treated for acute seizure and received LCM as the second ASM after levetiracetam. Neither vital signs changes nor requirement for further cardiac management was noted in these two patients with ECG change after LCM loading. Of the five patients with underlying cardiac disease, only one patient with underlying atrial fibrillation developed a new atrial premature complex. Bradycardia was not observed in our cohort. One (2.6%) patient developed hypotension (systolic blood pressure= 85 mmHg) after loading LCM, but the condition resolved spontaneously without the use of inotropic agents. Three patients stopped the LCM due to vomiting, drowsiness, and aggravated seizure. One patient stopped LCM due to septic shock that occurred 12 days after loading of LCM.

Twenty-five patients received LCM for SE treatment and nine of them were stopped by LCM (36%). Among the 25 SE patients, there were 14 patients with convulsive SE, nine focal SE, and two non-convulsive SE. Among them, one out of three patients responded to LCM as first-line therapy, three out of eight patients as second-line therapy, four out of 12 patients as third-line therapy, and one out of two patients as fifth-line therapy. Seven patients used LCM for seizure clusters, and six patients (85.7%) had seizure termination, including one out of one patient who responded to LCM as first-line therapy, three out of three patients as second-line therapy, and two out of three patients as the third line. For acute seizures, six patients received LCM, and two (33.3%) had seizures terminated by LCM, including one out of two patients who responded to LCM as first-line therapy and one out of three patients as second-line therapy.

The quantitative changes in ECG parameters and blood pressure before and after LCM loading were presented in Table 4. A total of 33 patients had completed ECG studies with four patients having atrial fibrillation which prevents the measurement of PR intervals. All 38 patients had blood pressure monitoring, which was the routine in our NICU setting. For the ECG parameters, including QRS complex, corrected QT intervals, and heart rate, there were no significant changes pre- and post-LCM loading. On the contrary, the PR interval was mild but statistically significantly increased (the average difference was 6 msecs) after loading of LCM (p = 0.025). A statistically significantly mild decrease in diastolic blood pressure (P = 0.016) and mean arterial pressure (p = 0.02) were also noted after LCM loading but no significant change was observed for the systolic blood pressure (p = 0.087). None of the PR interval changes or BP changes required medical intervention or leads to the termination of LCM therapy.


Table 4. The change of cardiac parameters after lacosamide use.

[image: Table 4]

In our studied population, 16 patients were aged > 65 years, eight were in the early-elderly range (65–74 years), and eight were in the late-elderly range (>75 years) (23). In the late-elderly group, four were more than 80 years. Among the elderly patients, two (12.5%) had underlying cardiac manifestation with one atrial fibrillation in the early-elderly group and the other with atrial fibrillation in the late-elderly group. The two patients that had new-onset first-degree AV block and atrial premature complex after LCM loading were the early-elderly patients. No other serious cardiac side effects were observed in the elderly patients.



DISCUSSION

In this study, we evaluated the cardiac safety concern in real-world epilepsy patients requiring intravenous LCM to control their seizures. Near half of this cohort responded to LCM therapy and there was no life-threatening cardiac adverse effect. One patient developed a new-onset first-degree AV block (PR>200 ms) and one hypotension (85/57 mmHg) after LCM injection, but both were asymptomatic and no subsequent management was required. Although the alterations of PR interval as well as diastolic and mean blood pressure changes were statistically significant, the degrees of changes were relatively mild in clinical practice (6 msec, 10 mmHg, and 3.3 mmHg, respectively). Considering the risk and benefit for patients with SE or seizure clusters, who may suffer from long-term cognitive impairment and/or systematic complications (15), intravenous LCM appears to be a relatively safe option in terms of cardiac concerns.

In addition to the brain, the VGSC plays an important role in the heart, especially in maintaining cardiac rhythms. Although there are different sodium channels expressed predominantly in cardiomyocytes (Nav1.5) (24) vs. neurons (Nav1.1, Nav1.2, and Nav1.6) (2), the effect of sodium channel blocking ASMs on cardiac sodium channels remains largely unclear. Theoretically, disruption of cardiac sodium channels may result in arrhythmia or conduction block, which should be monitored. This issue has been raised recently by the FDA based on in vitro study. LCM is a new ASM that enhances the slow inactivation of the VGSC, which is different from the old ASMs in that they enhanced the fast inactivation. Whether slow inactivation of the cardiac sodium channel is more at risk for cardiac arrhythmia than fast inactivation is completely unknown.

Our study was in line with two previous studies comparing rapid intravenous push vs. intravenous piggyback administration of LCM where the incidence of cardiac, neurological, and infusion-site adverse events was insignificant between the two methods (17, 18). These studies suggest that LCM could be given as fast as 80 mg/min, which could save the preparation time and cost. Similarly, hypotension was reported in 2.8–10% of the two studies, our study observed one patient (2.6%) with asymptomatic hypotension requiring no intervention. Bradycardia was reported in 0.7–2.6% of patients but none was seen in our cohort. Cardiac conduction defects such as second- and third-degree AV block, atrial flutter/atrial fibrillation, and bundle branch block have been associated with LCM before (25–31). In our study, mild PR prolongation and new-onset first-degree AV block after LCM were observed, but neither of them caused clinical symptoms nor needed discontinuation of LCM or required pacemaker implantation. This is in accordance with the findings from previous clinical trials of intravenous LCM (32–34). The recent study performed by Kim et al. (6) used a faster loading rate of giving 400 mg of LCM in 10 to 20 min. They showed a relatively higher rate of cardiac adverse events (32.9%) in 85 patients, especially first-degree AV block (22.4%) and prolonged mean PR interval (from 169.3 msec to 184.5 msec). The possible reason for less adverse effect in our study might be longer infusion time compared with the Kim et al. study. A side effect profile comparison of our study and Kim et al. was presented in Table 5.


Table 5. Comparison with previous study by Kim et al.
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Elderly patients are more susceptible to cardiac side effects of LCM (6, 34), however, we did not observe more cardiac complications in our elderly patients. Although the number of elderly patients in our cohort was small to give a solid conclusion, we consider LCM relatively safe to use in elderly patients when weighted against the devastating consequence of seizures. Most patients with renal or hepatic impairment might not receive LCM in our NICU. Since these conditions may alter the metabolism of LCM (35) and theoretically produce unexpected side effects, the treating physician may be reluctant to use LCM in these patients. In our cohort, 10 patients had renal impairment and one with elevated liver function test. From this small number of patients with renal or hepatic comorbidity, it was difficult to conclude the safety profile in this patient group.

Several limitations existed in our study. As a retrospective study, the patient selection may be biased, such that patients with a higher risk of developing cardiac side effects might not receive LCM from the treating physician. Extreme elderly patients, patients with moderate liver or renal dysfunction, and patients with cardiac disease other than arrhythmia were not included in our study which prevents further evaluation of LCM safety in these patient groups. The presence of side effects, changes in ECG parameters, or changes in blood pressure may not be fully elucidated in our small sample size. Although small in number, our cohort represented a patient group with a more critical clinical condition that required intensive care. Last but not least, patients may be unconscious in NICU and the reported side effects may be underestimated in our study. Therefore this study focused on identifying objective parameters, including ECG data and blood pressure measurements, for the evaluation of cardiac safety.

Our data revealed LCM was relatively safe for critically ill patients. Besides, we used 30 min for LCM infusion, and the result suggested this infusion rate was relatively safe in terms of cardiac side effects without compromising its effectiveness in controlling seizures. However, for some emergent conditions such as SE, a more rapid infusion rate might be needed. Further study may focus on if a shorter infusion time of LCM could be safe.



CONCLUSION

Taken together, our study demonstrated that intravenous LCM does have some effects on the ECG parameters and blood pressure but is not a great concern clinically. Caution should be paid to patients with known conduction block, structural heart disease, impaired renal or hepatic function, or elderly patients. The current study is limited by the small sample size but it still provides a glimpse of the important safety issue of using LCM in NICU. Further large monitoring studies are warranted. Despite the mild concern of cardiac adverse effects in patients without obvious conduction block, the benefit of seizure control should be weighted when treating patients with SE or seizure clusters, such as hyperthermia, pulmonary edema, cardiac arrhythmias, or cardiovascular collapse.



DATA AVAILABILITY STATEMENT

The datasets presented in this article are not readily available because due to the nature of this research, participants of this study did not agree for their data to be shared publicly, so supporting data is not available. Requests to access the datasets should be directed to Y-TL, yantimlu@yahoo.com.tw.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Chang Gung Medical Foundation Institutional Review Board (IRB No. 202100716B0). Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

Y-TL contributed to clinical data analysis and draft of the manuscript. C-HL, C-JH, and C-WH had contributions to clinical data acquisition and analysis. M-HT had substantial contributions to the conception and design of the study, data analysis, critical revision, and final approval of the manuscript. All authors have read and approved the final manuscript.



FUNDING

The study was supported by the Chang Gung Medical Foundation (CMRPG8K0632), the Ministry of Science and Technology, Taiwan (MOST110-2314-B-182A-076-MY3), and the National Health Research Institute, Taiwan (NHRI-EX110-11022NI) to M-HT.



REFERENCES

 1. Catterall WA, Lenaeus MJ, Gamal El-Din TM. Structure and pharmacology of voltage-gated sodium and calcium channels. Annu Rev Pharmacol Toxicol. (2020) 60:133–54. doi: 10.1146/annurev-pharmtox-010818-021757

 2. Menezes LFS, Sabiá Júnior EF, Tibery DV, Carneiro LDA, Schwartz EF. Epilepsy-related voltage-gated sodium channelopathies: a review. Front Pharmacol. (2020) 11:1276. doi: 10.3389/fphar.2020.01276

 3. Catterall WA. Molecular properties of brain sodium channels: an important target for anticonvulsant drugs. Adv Neurol. (1999) 79:441–56.

 4. Curia G, Biagini G, Perucca E, Avoli M. Lacosamide: a new approach to target voltage-gated sodium currents in epileptic disorders. CNS Drugs. (2009) 23:555–68. doi: 10.2165/00023210-200923070-00002

 5. Remme CA, Wilde AA. Targeting sodium channels in cardiac arrhythmia. Curr Opin Pharmacol. (2014) 15:53–60. doi: 10.1016/j.coph.2013.11.014

 6. Kim HK, Lee H, Bae EK, Kim DW. Cardiac effects of rapid intravenous loading of lacosamide in patients with epilepsy. Epilepsy Res. (2021) 176:106710. doi: 10.1016/j.eplepsyres.2021.106710

 7. Yadav R, Schrem E, Yadav V, Jayarangaiah A, Das S, Theetha Kariyanna P. Lacosamide-related arrhythmias: a systematic analysis and review of the literature. Cureus. (2021) 13:e20736. doi: 10.7759/cureus.20736

 8. Communication FDS. Lamictal (Lamotrigine): Drug Safety Communication—Studies Show Increased Risk of Heart Rhythm Problems in Patients With Heart Disease. (2021). Available online at: https://www.fda.gov/safety/medical-product-safety-information/lamictal-lamotrigine-drug-safety-communication-studies-show-increased-risk-heart-rhythm-problems (accessed March 31, 2021). 

 9. Communication FDS. Studies Show Increased Risk of Heart Rhythm Problems With Seizure Mental Health Medicine Lamotrigine (Lamictal) in Patients With Heart Disease. (2021). Available online at: https://www.fda.gov/drugs/drug-safety-and-availability/studies-show-increased-risk-heart-rhythm-problems-seizure-and-mental-health-medicine-lamotrigine (accessed March 31, 2021). 

 10. French JA, Perucca E, Sander JW, Bergfeldt L, Baulac M, Auerbach DS, et al. Fda safety warning on the cardiac effects of lamotrigine: an advisory from the ad hoc ilae/aes task force. Epilepsy Curr. (2021) 21:1535759721996344. doi: 10.1177/1535759721996344

 11. Dixon R, Job S, Oliver R, Tompson D, Wright JG, Maltby K, et al. Lamotrigine does not prolong qtc in a thorough qt/qtc study in healthy subjects. Br J Clin Pharmacol. (2008) 66:396–404. doi: 10.1111/j.1365-2125.2008.03250.x

 12. Saetre E, Abdelnoor M, Amlie JP, Tossebro M, Perucca E, Taubøll E, et al. Cardiac function and antiepileptic drug treatment in the elderly: a comparison between lamotrigine and sustained-release carbamazepine. Epilepsia. (2009) 50:1841–9. doi: 10.1111/j.1528-1167.2009.02069.x

 13. Dixon R, Alexander S, Brickel N. Effect of lamotrigine on the pr interval in healthy subjects. Br J Clin Pharmacol. (2011) 71:961–2. doi: 10.1111/j.1365-2125.2010.03855.x

 14. Strzelczyk A, Zöllner JP, Willems LM, Jost J, Paule E, Schubert-Bast S, et al. Lacosamide in status epilepticus: systematic review of current evidence. Epilepsia. (2017) 58:933–50. doi: 10.1111/epi.13716

 15. Joshi S, Goodkin HP. The need to intervene before time point 2: evidence from clinical and animal data that status epilepticus damages the brain. J Clin Neurophysiol. (2020) 37:375–80. doi: 10.1097/WNP.0000000000000711

 16. Guldiken B, Rémi J, Noachtar S. Cardiovascular adverse effects of phenytoin. J Neurol. (2016) 263:861–70. doi: 10.1007/s00415-015-7967-1

 17. Davidson KE, Newell J, Alsherbini K, Krushinski J, Jones GM. Safety and efficiency of intravenous push lacosamide administration. Neurocrit Care. (2018) 29:491–5. doi: 10.1007/s12028-018-0560-6

 18. McLaughlin K, Carabetta S, Hunt N, Schuler BR, Ting C, Tran LK, et al. Safety of intravenous push lacosamide compared with intravenous piggyback at a tertiary academic medical center. Ann Pharmacother. (2021) 55:181–6. doi: 10.1177/1060028020943569

 19. Trinka E, Kalviainen R. 25 years of advances in the definition, classification and treatment of status epilepticus. Seizure. (2017) 44:65–73. doi: 10.1016/j.seizure.2016.11.001

 20. Detyniecki K, O'Bryan J, Choezom T, Rak G, Ma C, Zhang S, et al. Prevalence and predictors of seizure clusters: a prospective observational study of adult patients with epilepsy. Epilepsy Behav. (2018) 88:349–56. doi: 10.1016/j.yebeh.2018.09.035

 21. Trinka E, Cock H, Hesdorffer D, Rossetti AO, Scheffer IE, Shinnar S, et al. A definition and classification of status epilepticus–report of the ilae task force on classification of status epilepticus. Epilepsia. (2015) 56:1515–23. doi: 10.1111/epi.13121

 22. Beniczky S, Hirsch LJ, Kaplan PW, Pressler R, Bauer G, Aurlien H, et al. Unified eeg terminology and criteria for nonconvulsive status epilepticus. Epilepsia. (2013) 54:28–9. doi: 10.1111/epi.12270

 23. Orimo H, Ito H, Suzuki T, Araki A, Hosoi T. Sawabe M. Reviewing the definition of “elderly”. Geriatr Gerontol Int. (2006) 6:149–58. doi: 10.1111/j.1447-0594.2006.00341.x 

 24. Shy D, Gillet L. Abriel H. Cardiac sodium channel nav15 distribution in myocytes via interacting proteins: the multiple pool model. Biochimica et biophysica acta. (2013) 1833:886–94. doi: 10.1016/j.bbamcr.2012.10.026

 25. Degiorgio CM. Atrial flutter/atrial fibrillation associated with lacosamide for partial seizures. Epilepsy Behav. (2010) 18:322–4. doi: 10.1016/j.yebeh.2010.04.043

 26. Krause LU, Brodowski KO, Kellinghaus C. Atrioventricular block following lacosamide intoxication. Epilepsy Behav. (2011) 20:725–7. doi: 10.1016/j.yebeh.2011.02.006

 27. Nizam A, Mylavarapu K, Thomas D, Briskin K, Wu B, Saluja D, et al. Lacosamide-induced second-degree atrioventricular block in a patient with partial epilepsy. Epilepsia. (2011) 52:e153–5. doi: 10.1111/j.1528-1167.2011.03212.x

 28. Lachuer C, Corny J, Bézie Y, Ferchichi S, Durand-Gasselin B. Complete atrioventricular block in an elderly patient treated with low-dose lacosamide. Cardiovasc Toxicol. (2018) 18:579–82. doi: 10.1007/s12012-018-9467-x

 29. Bhana IG, Chourasiya M, Desai SD. Lacosamide associated complete heart block in elderly. Ann Indian Acad Neurol. (2019) 22:529–30. doi: 10.4103/aian.AIAN_473_18

 30. Majmundar MM, Kansara T, Shah P, Zala H, Chaudhari S. Left bundle branch block: a reversible pernicious effect of lacosamide. Cureus. (2020) 12:e10234. doi: 10.7759/cureus.10234

 31. Stamm B, Sheikh A, Schuele S, Templer JW. Lacosamide-associated second-degree atrioventricular block in a healthy, young athlete. Epilepsy Behav Rep. (2020) 14:100372. doi: 10.1016/j.ebr.2020.100372

 32. Krauss G, Ben-Menachem E, Mameniskiene R, Vaiciene-Magistris N, Brock M, Whitesides JG, et al. Intravenous lacosamide as short-term replacement for oral lacosamide in partial-onset seizures. Epilepsia. (2010) 51:951–7. doi: 10.1111/j.1528-1167.2009.02463.x

 33. Höfler J, Trinka E. Lacosamide as a new treatment option in status epilepticus. Epilepsia. (2013) 54:393–404. doi: 10.1111/epi.12058

 34. Garcés M, Villanueva V, Mauri JA, Suller A, García C, López González FJ, et al. Factors influencing response to intravenous lacosamide in emergency situations: laco-iv study. Epilepsy Behav. (2014) 36:144–52. doi: 10.1016/j.yebeh.2014.05.015

 35. Cawello W. Clinical pharmacokinetic and pharmacodynamic profile of lacosamide. Clin Pharmacokinet. (2015) 54:901–14. doi: 10.1007/s40262-015-0276-0

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Lu, Lin, Ho, Hsu and Tsai. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-13-891368-t005.jpg
Number of cases
Cardiac adverse effect
First-degree AV block
Hypotension

Atial premature complex
Attial fibrilation
Bradycardia

Atrial flutter

Present study (2022)

38

n=1(3.0%)
n=1(@.6%)
n=1@0%)
n=0
n=0

n=0

Kim et al. (6)

85

n =19 (22.4%)
n=782%)
n=0
n=2(2.4%)
n=2(2.4%)
n=1(1.2%)





OPS/images/fneur-13-891368-t003.jpg
Usage of LCM N=38

Position of LOM
LCM as 1% line ASM 6(15.7%)
LCM as 2 line ASM 14 (36.8%)
LCM as 3¢ line ASM 16 (42.1%)
LCM as 4™ line ASM 0(0.0%)
LCM as 5" line ASM 2(5.3%)
LCM was the last ASM to stop the seizure
LCM was 1 line ASM to stop the seizure 3(7.7%)
LCM was 2™ line ASM to stop the seizure 7(18.4%)
LCM was 3° line ASM to stop the seizure 6(15.7%)
LCM was 4™ line ASM to stop the seizure 0(0.0%)
LCM was 5™ line ASM to stop the seizure 1(2.6%)
Loading dosing of LCM
400mg 26 (68.4%)
300mg 1(26%)
200mg 10 (26.3%)
100mg 1(26%)
Side effects N=9
Vomiting 4(10.5%)
Drowsiness 4(10.5%)
Blurred vision 1(26%)
Dizziness 1(2.6%)
Headache 1(2.6%)
Skin rash 1(2.6%)
Aggravated seizure 1(2.6%)
Cardiac side effects
First degree AV block 1(3.0%)
atial premature complex 1(3.0%)
Hypotension 1(26%)

Categorical variables were presented as n (%).
ASM, antiseizure drugs; LCM, lacosamide.
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Electrocardiography

PR interval (ms) 146.0 (134.0-166.0) 152.0 (185.0-177.0) 0025
QRS complex (ms) 82,0 (78.0-83.0) 84.0(77.5-835) 0757
Corrected QT interval (ms) 449.0 (433.0-464.8) 447.0 (428.0-455.5) 0513
Heart rate (oprm) 925 (83.8-100.5) 91.0 (80.0-106.3) 0112
Blood pressure

Systolic BP (mmHg) 135.5 (119.0-153.0) 132.0 (111.0-143.0) 0087
Diastolic BP (mmHg) 780 (66.0-86.5) 68.0(60.0-81.0) 0016
Mean arterial pressure (mmHg) 96.0(87.0-108.9) 927 (76.7-102.0) 0020

The electrocardliography was obtained from 33 out of 38 patients that had received the exam.

Electrocardiography performed in 33 patients while 4 of them had atral fibrillation that PR intervel was unable to evaluate. Therefore, the data of PR interval was derived from 29 patients
with avaiable PR interval and other parameter of electrocardiography was calculated from all 33 patients.

Continuous variables were presented as median (interquartie range).

BR, blood pressure; Cl, confidence interval; LCM, lacosamide.

#Wiicoxon Signed-Rank Test was conducted to compare the differences of the parameters.
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Continuous variables were presented as median (interquartie range)

Categorical variables were presented as  (%).
ASM, antiseizure drugs; LCM, lacosamide.
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