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    ACTH: adrenocorticotropic hormone




    AMPA: α-amino-3-hydroxy-5-methyl-4-isoxazoleproprionic acid




    ASM: antiseizure medication




    BID: bis in die, two times a day




    BP: blood pressure




    CBC: complete blood count




    CMP: comprehensive metabolic panel




    DEE/SWAS: developmental/epileptic encephalopathy with spike-wave activation in sleep




    DREES: drug reaction with eosinophilia and systemic symptoms




    EIASM: enzyme-inducing antiseizure medication.




    ER: estended release




    FIRES: febrile infection-related epilepsy syndrome




    GABA: gamma-aminobutyric acid




    GTC: generalized tonic-clonic




    HCN: hyperpolarization-activated cyclic nucleotide-gated




    HR: heart rate




    HVA: high voltage-activated




    IR: immediate release




    IV: intravenous




    JME: juvenile myoclonic epilepsy




    NMDA: N-methyl-D-aspartate




    NORSE: new-onset refractory status epilepticus




    OCP: oral contraceptive pill




    PO: per os, by mouth




    PR: per rectum, administer rectally




    PRN: pro re nata, take as needed




    QAM: once a day in the morning




    QPM: once a day in the evening




    QAM PM: every morning and evening




    QAM HS: every morning and at bedtime




    QID: quarter in die, four times a day




    QHS: quaque hora somni, every night at bedtime




    SL: sublingual




    SQ: subcutaneous




    TID: ter in die, three times a day




    ULN: upper limit normal
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    ACTH: Adrenocorticotropic hormone




    BRV: Brivaracetam




    CBD: Cannabidiol




    CBZ: Carbamazepine




    CLB: Clobazam




    CLZ: Clonazepam




    CNB: Cenobamate




    DZP: Diazepam




    ESM: Ethosuximide




    FBM: Felbamate




    FOS: Fosphenytoin




    GBP: Gabapentin




    LCM: Lacosamide




    LTG: Lamotrigine




    LEV: Levetiracetam




    LZP: Lorazepam




    MDL: Midazolam




    OXC: Oxcarbazepine




    PE: Phenytoin equivalent




    PER: Perampanel




    PHB: Phenobarbital




    PHT: Phenytoin




    PGB: Pregabalin




    RFM: Rufinamide




    TGB: Tiagabine




    TPM: Topiramate




    VPA: Valproic acid




    VGB: Vigabatrin




    ZNS: Zonisamide
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INTRODUCTION




    Electrical impulse flow from one neuron to another through action potentials that are triggered by a series of interactions between voltage gated ion channels. The action potential causes glutamate release into the synaptic cleft. This excitatory neurotransmitter binds to postsynaptic ionotropic AMPA and NMDA receptors, causing sodium and calcium influx and membrane depolarization which triggers another action potential. GABA is released is released after the action potenctial which binds to postsynaptic GABAA producing chloride that repolarizes the membrane.




    The main objective of Antiseizure Medication (ASM) is to stabilize the neuronal membrane by avoiding excessive sodium and calcium influx, enhancing GABA-mediated inhibition, or decreasing excitatory neurotransmission (Table 1). While it is tempting to invoke a single mechanism for any particular drug, it should be emphasized that we lack full knowledge of any drug’s actions in vivo. Hence, despite experimental observations demonstrating a drug’s interaction with a specific molecular target, the relevant mechanisms for any ASM are likely multiple and potentially additive or synergistic. No single action described can completely account for all of the clinical effects observed, whether they be related to efficacy, tolerability, or drug interactions.




    The development of second and third generation ASMs in recent decades (Figure 1) enabled significant improvements in side-effect profiles; however, clinical studies have not indicated significant improvements in efficacy.




    Monotherapy is the optimal ASM regimen, with dose increments according to the minimal effective up to the maximum tolerated dose. The recommended maintenance dose and serum levels should be considered only as a guide to clinical practice.




    The manufacturer recommended dose is usually associated with serum levels within the therapeutic range, where most patients will present therapeutic benefits without drug toxicity.




    However, some patients may tolerate higher doses even while presenting serum levels above the normal range. This is especially true in the treatment of drug-resistant epilepsy where higher doses of ASM may be needed. High serum levels in the absence of side effects are often acceptable with no need to decreasing the ASM dose.




    

      

        



        



        



        



        



        

      



      

        

          	

            Table 1. Most common antiseizure medication mechanism of action


          

        




        

          	

            Ion channel modulation


          



          	

            Increase GABA action


          



          	

            Decrease glutamate action


          

        




        

          	

            Sodium channel blocker


          



          	

            Inhibits sodium influx


          



          	

            GABA agonists


          



          	

            Binds to GABAA receptors causing membrane hyperpolarization


          



          	

            Decrease glutamate release


          



          	

            Binds to SV2A and preventing glutamate release into the synaptic cleft


          

        




        

          	

            Calcium channel blocker


          



          	

            Inhibits calcium influx


          



          	

            GABA reuptake inhibition


          



          	

            Prevents GABA reuptake from the synaptic cleft


          



          	

            AMPA receptor agonist


          



          	

            Binds to postsynaptic AMPA receptors, preventing glutamate activation


          

        




        

          	

            T-type calcium channel blocker


          



          	

            Inhibits calcium influx


          



          	

            GABA transaminase inhibition


          



          	

            Inhibits GABA transaminase (the degradative enzyme for GABA)


          



          	

            NMDA receptor


          



          	

            Binds to postsynaptic NMDA receptors, preventing glutamate activation


          

        




        

          	

            Potassium channel modulation*


          



          	

            Increases potassium efflux from neuron


          



          	



          	



          	



          	

        




        

          	

            * Ezogabine (Retigabine) was suspended by the FDA due to severe adverse events.
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    Fig. 1. Development and availability of antiseizure medications throughout time.




    With more than 20 ASMs available for clinical use, it may be difficult to choose which ASM is the best option for a patient. Knowing the mechanism(s) of action of ASM (Table 2, Figure 2) can help establish which ASM might be more effective for each seizure or epilepsy syndrome type. The choice of ASM can be carefully tailored according to some underlying genetic mutations. For example, avoiding sodium channel blockers if there is a loss of function in the SCN1A gene (Table 3). In addition, ASM polytherapy is more effective when ASMs with different mechanisms of action are utilized.




    

      

        



        

      



      

        

          	

            Table 2. Most important mechanism of action of each ASM (note that several ASMs have more than one mechanism of action)


          

        




        

          	

            Mechanism of action


          



          	

            Antiseizure medication


          

        




        

          	

            Sodium channel blockade


          



          	

            Carbamazepine, Eslicarbazepine, Felbamate, Lamotrigine, Oxcarbazepine, Phenytoin, Rufinamide, Topiramate, Zonisamide


          

        




        

          	

            Calcium channel blockade


          



          	

            Gabapentin, Lamotrigine, Pregabalin, Zonisamide


          

        




        

          	

            Calcium channel blockade (T-type)


          



          	

            Ethosuximide, Valproic acid/Divalproex sodium, Zonisamide


          

        




        

          	

            Potassium channel activation


          



          	

            Ezogabine (Retigabine)


          

        




        

          	

            GABAergic agonist


          



          	

            Benzodiazepines, Phenobarbital, Ganaloxone


          

        




        

          	

            Inhibition of GABA transaminase


          



          	

            Vigabatrin


          

        




        

          	

            Decrease GABA reuptake


          



          	

            Valproic acid/Divalproex sodium


          

        




        

          	

            Decrease glutamate release


          



          	

            Brivaracetam, Levetiracetam


          

        




        

          	

            Blocker of AMPA postsynaptic receptor


          



          	

            Perampanel, Topiramate, Levetiracetam


          

        




        

          	

            Blocker of NMDA postsynaptic receptor


          



          	

            Felbamate, Valproic acid/Divalproex sodium
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