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            Abstract

            
               
Aim: To review recent clinical evidence available for Levetiracetam in the treatment of various types of epileptic seizures. 
               

               Materials and Methods: A literature search was conducted to identify clinical studies conducted after 2015 with Levetiracetam. 
               

               Results: In patients with focal epilepsy, Levetiracetam was found to be as effective as Carbamazepine, Clobazam, and Valproic acid
                  but with better tolerability than Carbamazepine. Levetiracetam could be used as monotherapy in the treatment of new-onset
                  focal epilepsy. It probably has a neuroprotective benefit, particularly important in neonates and children. The safety and
                  tolerability of Levetiracetam are more apparent during pregnancy. Thus, the adverse event profile is largely in favor of Levetiracetam
                  in comparison to standard older AEDs. Meta-analysis has confirmed that Levetiracetam is significantly better in terms of withdrawal
                  rates compared to the older AEDs, hence may be considered as the first line in new-onset focal epilepsy in adults and the
                  elderly. Levetiracetam may be a better option as an add-on treatment in children with partial seizures, due to its favorable
                  efficacy and insignificant toxicity than Oxcarbazepine and Topiramate. Recent evidence suggests that Levetiracetam could be
                  a potential first-choice, second-line AED for Benzodiazepine resistance status epilepticus with efficacy comparable to established
                  older AEDs. It improves the quality of life due to higher rates of seizure freedom and favorable tolerability profile. 
               

               Conclusion: Levetiracetam has the potential for being a first-line AED and has also proven to be a better adjunctive considering the
                  recent efficacy and safety outcomes.
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               Introduction

            Among the various neurological disorders, epilepsy is the most common chronic condition affecting neonates, adolescents, adults,
               and the elderly, regardless of age.1 Globally more than 50 million people suffer from epilepsy, of which approximately 80% belong to low- and middle-income countries.
               Around one-sixth, approximating to 12 million of this population reside in India.2 A recent pooled analysis of studies from 1980-2019, found the prevalence of epilepsy in India to be 4.7per 1,000 population
               (95% CI: 3.8–5.6).3  The Bangalore Urban Rural Neuro-epidemiological Survey (BURNS), reported that the prevalence rate in rural communities is
               more than twice that of urban areas. 4 More than 57% of the total disability-adjusted life years (DALYs) in Southeast Asia due to epilepsy were accounted for from
               India. 5

            The incidence of epilepsy is higher in the youngest and oldest age groups with peaks within the first year and over 85 years
               of age.6 However, the recent prescription analysis found maximum patients with epilepsy in the age group of 10–30 years.7  The geriatric population is growing fastest globally and demonstrates the highest frequency of epilepsy diagnoses.8 
            

            As per new classification of seizures by the International League Against Epilepsy (ILAE) 2017, seizures can be classified
               as focal onset with a restricted area of neuronal discharge and generalized with a more diffuse neuronal discharge.9 Focal onset seizures can be categorized as those with retained or impaired awareness. Both focal and generalized seizures
               are also classified as motor or non-motor onset.9 Focal onset motor seizures include automatisms, atonic, clonic, epileptic spasms, hyperkinetic myoclonic and tonic; while
               non-motor include autonomic, behavior arrest, cognitive, emotional and sensory. Generalized motor seizures comprise of tonic-clonic,
               clonic, tonic, myoclonic, myoclonic-tonic-clonic myoclonic-atonic, atonic and epileptic spasms; while non-motor (absence)
               consist of typical, atypical myoclonic and eyelid myoclonia.9  
            

            Focal seizures are the main seizure type both in children and in adults.6 Nevertheless, in low to middle-income countries generalized tonic-clonic seizures are more common while the incidence of
               status epilepticus varies from 6.8 to 41 per 100,000 per year with peaks in children younger than a year and the elderly.6 Among the patients with epilepsy globally, nearly 30% develop refractory epilepsy, which results in a deteriorating quality
               of life, greater morbidity, and premature mortality.10

            The World Health Organization (WHO) estimates that nearly 70% of the patients globally can live a seizure-free life with timely
               diagnosis and appropriate treatment.1 The Antiepileptic drugs (AEDs) form the cornerstone of epilepsy treatment because it helps reduce associated morbidity and
               mortality, including sudden deaths. There are various classes of AEDs available for clinical use, the preference of the AED
               depends on the patients’ characteristics, the efficacy, and safety of the AED, including the potential for drug interactions
               and ease of dose titration. In the current article, we aim to review recent clinical evidence available for Levetiracetam
               in the treatment of various types of epileptic seizures. 
            

         

         
               Levetiracetam

            Approved in 1999, Levetiracetam is a pyrrolidone compound belonging to the second-generation class of AEDs. Unlike the older
               AEDs, which acted via sodium or calcium channels or gamma-aminobutyric acid (GABA) receptors, newer generations inhibit GABA
               aminotransferase eg vigabatrin, inhibit GABA reuptake from the synaptic cleft  from the synaptic cleft eg Tiagabine, modulate
               calcium channels (gabapentin, pregabalin), the selective non-competitive alfa-amino-3-hydroxy-5-methyl-4-isoxazolproprionic
               acid (AMPA) receptor antagonism eg. Perampanel, and the binding to the presynaptic SV2A receptor site eg. Levetiracetam. 11 Since SV2A protein lies on the secretory vesicle membranes mediating calcium-dependent vesicular neurotransmitter release,
               Levetiracetam decreases the rate of vesicle release. Apart from its affinity to SV2A, in-vitro studies in neuronal cells have
               shown that it competes against the activity of negative modulators of glycine- and GABA-gated currents and moderately inhibits
               N-type calcium channels, and acts as an AMPA receptor antagonist. 12, 13, 14, 15, 16 

            It is rapidly absorbed, attaining peak plasma concentration in 60 minutes after oral administration and its bioavailability
               is 100%. 16 With extended-release and intravenous formulation, the time to reach peak plasma concentration is 3 hours and 5-15 minutes,
               respectively. 17, 18, 19 It demonstrates linear pharmacokinetics. Though food delays time to maximum concentration, its extent of absorption is unaffected,
               so it can be administered regardless of food. It does not compete with other drugs for protein binding sites because of minimal
               protein-binding (10%). The majority portion is eliminated renally unchanged, therefore dose modification is necessary for
               renally impaired patients and in the elderly due to decreased renal clearance. 
            

            The first-pass effect in the liver or intestine does not affect its bioavailability because Levetiracetam is minimally metabolized
               by oxidative enzyme systems such as cytochrome P450 (CYP450). Thus, it shows fewer pharmacokinetic interactions. No significant drug interactions occur with other AEDs Phenytoin, Valproic
               acid, Carbamazepine, Phenobarbitone, Primidone or digoxin, or warfarin. Its metabolism rate and clearance may be increased
               by other AEDs like Phenytoin, Carbamazepine, and Phenobarbitone. It may increase the central nervous system effects of centrally
               acting drugs. 20, 21 Since there are no major drug interactions observed, no dose adjustments are necessary with Levetiracetam in the general
               population, except in pregnancy due to physiological changes. 22 Since the risk of drug-drug interactions with major selective AEDs or other drugs is very low, Levetiracetam is suitable
               for children undergoing chemotherapy. 23

         

         
               Clinical evidence- Efficacy

            
                  Focal Epilepsy or Partial-onset epilepsy

               Two network meta-analyses compared newer AEDs with Carbamazepine, which is considered the standard treatment for focal epilepsy
                  in patients of all ages. 24, 25 Levetiracetam including other newer AEDs was considered equally effective as Carbamazepine, Clobazam, and Valproic acid,
                  but Carbamazepine had the worst tolerability issues and associated with discontinuations in treatment naïve (new-onset) and
                  treatment-experienced adults and the elderly with focal epilepsy.24, 25 The Cochrane Network meta-analysis showed that for the primary outcome ‘time to the withdrawal of allocated treatment,’ for
                  individuals with partial-onset seizures Levetiracetam performed significantly better than current first-line treatment Carbamazepine.
                  26 Thus, two meta-analyses suggested that Levetiracetam could be used as monotherapy in the treatment of new-onset focal epilepsy.
                  25 
               

            

            
                  Refractory partial-onset epilepsy

               Levetiracetam has been efficacious in patients with refractory epilepsy and It shows a fairly dose-proportional percentage
                  reduction in seizure frequency/week 12.92%, 18.00%, 11.11%, and 31.67% in the Levetiracetam 500, 1000, 2000, and 3000-mg groups,
                  respectively. 27 When extended-release and immediate-release formulations were compared in a 12-week study in patients with refractory partial-onset
                  epilepsy, the Levetiracetam- extended-release was found to have more than twice the seizure freedom rate over the treatment
                  period (27.6% vs. 13.8%, respectively). 28 Moreover, the European Quality of Life-5 Dimension scores was significantly improved in the Levetiracetam- extended-release
                  group compared to the immediate-release (7.2 vs. - 1.5, p = 0.03). 28 
               

               Several older retrospective studies have compared the efficacy of Levetiracetam and Topiramate in the treatment of patients
                  with refractory focal epilepsy. 29 A single-center one-year study comparing Levetiracetam and Topiramate found significantly higher retention rates with Levetiracetam
                  at 1-year (65.6% vs 51.7%, p=0.0015) and 2-years (45.8% vs 38.3%; P=0.0046. 29 Another 2-year study found retention rate was higher in Levetiracetam users than Topiramate users.30, 31  In a few 3-year studies specifically including patients with drug-resistant focal epilepsy, the retention rates were similar
                  in patients using Levetiracetam or Topiramate. 32, 33 In a recent phase-IV study, Levetiracetam or Topiramate were compared as an adjunctive treatment for patients with focal
                  seizures. The study found that the retention rate was significantly higher with Levetiracetam than Topiramate (59.1% vs 42.5%;
                  p = 0.0086). The seizure frequency was also considerably reduced with Levetiracetam than Topiramate (74.47% vs 67.86%; p =
                  0.06). The difference in 50% responder rate was clinically meaningful (69.0% vs 64.8%), and the 6-month seizure-freedom rate
                  was 35.8% vs 22.3% (p = 0.0061). 34 Not only in adults, but Levetiracetam has also demonstrated efficacy in children with uncontrolled partial-onset epilepsy.
                  The median percentage reduction in seizures was 43.32% and the 50% response rate was 41.8%, respectively. 35 A recent phase III, 16-week trial across all ages (4-65 years) found seizure reduction in 38.7% of the participants in the
                  Levetiracetam group, thus substantiating the findings of previous studies. 10 
               

               A systematic review and meta-analysis including 31 studies with 1763 pediatric patients found that Levetiracetam demonstrated
                  a higher 50% responder rate and the median percentage reduction rate. Though Lamotrigine may seem superior to Levetiracetam
                  in terms of seizure-free rate its benefit is negated by the highest incidence of TEAE. 36 Thus, Levetiracetam is a better choice as an add-on AED in the treatment of paediatric refractory POS. 
               

               Another recent meta-analysis including 77 trials comprising 20,711 patients with refractory POS considered seizure freedom
                  as the efficacy outcome, rather than a 50% response rate that has a little clinical relevance to epilepsy patients since the
                  quality of life is not improved by a percentage of seizure reduction. 37 Levetiracetam was found to be equally efficacious as Topiramate, Oxcarbazepine, and Valproic acid. 37 A meta-analysis >9000 patients which considered both these parameters found that Levetiracetam-treated patients were among
                  those with the highest odds of seizure freedom along with ezogabine and vigabatrin, while pregabalin, tiagabine, and vigabatrin
                  had the highest odds of ≥50% reduction in refractory POS. 38 
               

            

            
                  Generalized Epilepsy

               Similar to its efficacy in focal epilepsy and refractory cases, Levetiracetam also has been effective in the treatment of
                  generalized epilepsy. Studies have demonstrated the efficacy of Levetiracetam monotherapy in juvenile myoclonic epilepsy (JME)
                  and generalized tonic-clonic seizures alone (GTCS). An open-label study with 71.1% and 29.3% females in Levetiracetam and
                  Valproic acid group respectively found a similar seizure freedom rate (88.9% vs 86.2%) and a withdrawal rate (8.9% vs 10.3%).
                  39 The time to withdrawal favoured Levetiracetam. A network meta-analysis compared AEDs with Valproic acid currently the first-line
                  treatment in the monotherapy of generalized epileptic seizures. Levetiracetam with 47% seizure-free outcome ranked second
                  preceded by Lamotrigine in the treatment of generalized tonic-clonic, tonic, and clonic seizures in adults and children. The
                  therapeutic inefficacy was slightly greater with Valproic acid than Levetiracetam. 40 Thus, Levetiracetam is a useful alternative to valproate for treating generalized tonic-clonic, tonic, and clonic seizures
                  in adults and children. 
               

               Monotherapy with Levetiracetam is considered important in genetic generalized epilepsy due to the teratogenic effects of Valproic
                  acid particularly in women of reproductive age. The incidence of adverse events is higher in Valproic acid compared to Levetiracetam
                  (55.1 vs 37.7%) in women of reproductive age. 39 A recent meta-analysis also concluded that Valproic acid (RR 5.82), Carbamazepine (RR 1.84), Phenytoin (RR 2.04), and Topiramate
                  (RR 2.0) were associated with a significantly higher risk of major congenital malformations than Levetiracetam.41  The EURAP study found that this rate was lowest with Levetiracetam (2.8%) compared to Valproic acid, Phenobarbitone, Phenytoin,
                  Carbamazepine, Topiramate and nearly similar to Oxcarbazepine and Lamotrigine. 42 as shown in Figure  1. It is thus an acceptable alternative to Valproic acid particularly in women of reproductive age. 
               

               
                     
                     Figure 1

                     Teratogenic potential of AEDs: EURAP study42 
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                  Studies with Focal and Generalized epilepsy

               A 1-year RCT compared Levetiracetam with Phenobarbitone in the treatment of focal and generalized epilepsy in children (1
                  month- 15 years) with GTCS being the most frequent type of seizure. 43 From the initial months itself, Levetiracetam demonstrated significantly (p<0.05) better seizure remission rates than Phenobarbitone
                  which were maintained until 9 months (3 months: 55.8% vs 44.2%; 6 months: 57.4% vs 42.6% and  9 months: 55.9% vs 44.1%). 43 Thus, Levetiracetam monotherapy was found to be more efficacious in controlling seizures in focal, generalized, and focal
                  with secondary generalization epilepsy compared to Phenobarbitone in children. 
               

               Compared to other newer AEDs like Lamotrigine in a meta-analysis of ten studies, including 1999 elderly subjects with focal
                  epilepsy, seizures with or without secondary generalization, it was concluded that Levetiracetam demonstrated a higher probability
                  of seizure freedom (RR = 0.83, 95% CI = 0.68‐0.97). 44

               In patients with epilepsy refractory to two or more AEDs, Levetiracetam in combination with other newer AEDs is more effective
                  than other AEDs alone. 45 Seizure cessation was nearly three-fold greater with Levetiracetam than without in patients treated with Perampanel (47.4%
                  vs 15.0%; p= 0.0407). Also, the responder rate was more than three times with the combination than Perampanel alone (68.4%
                  vs 20.0%; p=0.0076). 45 
               

               Epilepsy expert opinion studies, from Europe and Asia in the past decade have shown an increasing preference to prescribe
                  newer AEDs in the elderly.46, 47, 48 The most commonly prescribed initial AED was Levetiracetam (45.5%) followed by Phenytoin (30.6%). 49 
               

            

            
                  Status epilepticus

               Status epilepticus (SE) is the most frequent neurological emergency in children and the elderly leading to neurological morbidity
                  and mortality. 50 In instances when SE is resistant to Benzodiazepines (lorazepam, midazolam, diazepam) or Benzodiazepine Refractory Status
                  Epilepticus, intravenous Levetiracetam or Phenytoin or fosphenytoin or Valproic acid may be used as a second-line agent. The
                  recent multicentric EcLiPSE RCT compared Levetiracetam with Phenytoin in the emergency treatment of children (6 months to
                  <18 years of age) with convulsive status epilepticus. 51, 52 Convulsive status epilepticus ceased in a greater proportion of patients treated with Levetiracetam than Phenytoin (70.4%
                  vs 64%). The median time to status epilepticus cessation was also lesser in Levetiracetam treated group than Phenytoin (35
                  min vs 45 min). 51 In another multicentric ConSEPT study, the Levetiracetam treated group had a shorter median time to seizure cessation than
                  Phenytoin (17 min vs 22 min). 53 In a tertiary care study conducted in India comparing Levetiracetam with fosphenytoin, the seizure cessation (91.4% vs 93.1%
                  ), seizure recurrence (17.2% vs 22.4%) rates were similar in both groups. 54 In another open-label study from India, the duration of PICU stay, hospital stay, the response latency, and seizure recurrence
                  were similar between Levetiracetam and fosphenytoin. However, a significantly greater proportion of children received supplementary
                  AEDs in the fosphenytoin group compared to the Levetiracetam group (31% vs 7%; p=0.0001) to control seizures. 55 In pediatric patients (3 months – 12 years) a double-blind RCT showed that control of convulsive status epilepticus (within
                  15 minutes) was similar in the Levetiracetam group (94%), to the Phenytoin group (89%) and Valproic acid group (83%). 56

               In a recent study, elderly patients with generalized convulsive status  epilepticus were initially treated with a combination
                  of Lorazepam with Valproic acid or Levetiracetam. In case of uncontrolled status epilepticus, the patients were crossed over
                  to the other second-line agent from Levetiracetam to Valproic acid or vice-versa.57 The study found that seizure control was achieved in a similar proportion of patients treated with Levetiracetam after lorazepam
                  or Valproic acid (74.1% vs 68.3%). However, after crossing over to the second AED, Levetiracetam in combination with Lorazepam
                  could control seizures when used as a second-line in a greater number of patients who had uncontrolled status epilepticus
                  compared to Lorazepam plus Valproic acid (50% vs 14.2%). Other similar prospective randomized studies found seizure cessation
                  rates of 82% vs 73.3% (adults), 92.7% vs 83.3% (children) with Levetiracetam and Phenytoin, respectively. 58, 59 IV Levetiracetam has been reported to be significantly more effective than phenytoin in children for the treatment of convulsive
                  status epilepticus refractory to benzodiazepines.
               

               Established Status Epilepticus Treatment Trial (ESETT) is a large RCT that compared the efficacy and safety of Valproic acid,
                  Fosphenytoin, and Levetiracetam in patients with benzodiazepine resistant status epilepticus. The primary efficacy outcome
                  (absence of clinically apparent seizures with improved consciousness and without additional AEDs at 1 h from the start of
                  drug infusion) was achieved across age groups with all three AEDs namely Levetiracetam, fosphenytoin, and Valproic acid (52%
                  vs 49% vs 52% children), (44% vs 46% vs 46% adults), and (37% vs 35% vs 47% older adults). 60 Thus, efficacy was similar with all three AEDs. 60, 61 
               

               A meta-analysis of drugs administered for benzodiazepine-resistant status epilepticus found that Levetiracetam (69%) had similar
                  efficacy to Phenobarbitone  (74%) or valproate (76%), with better tolerability and devoid of respiratory depression and hemodynamic
                  instability. 62, 63, 64 Another recent meta-analysis of nine studies with a total of 1732 patients showed seizure cessation occurred in 74% of patients
                  in the Levetiracetam group and 71% in the Phenytoin group when used as second-line in patients with status epilepticus. 65 Similar to Phenobarbitone and valproate, a meta-analysis of data from seven RCTs did not find any significant difference
                  in seizure cessation between Levetiracetam, Phenytoin, and Fosphenytoin. 66 An open-label, single-arm study found that about two-thirds (62.9%) of children had no recurrence of seizure after treatment
                  with IV Levetiracetam. 23 
               

               Thus, though the efficacy parameters showed no significant differences between Levetiracetam and Phenytoin, the use of the
                  former is associated with several advantages. Owing to its broad spectrum and safer profile, it is frequently used as oral
                  maintenance therapy for pediatric seizure control as also substantiated by the EcLIPSE study, unlike Phenytoin which is seldom
                  used due to its non-simplified pharmacokinetics and potential toxicity. 51 Moreover, in patients on oral Phenytoin maintenance, neurologists are hesitant to use parenteral Phenytoin considering cumulative
                  cardiotoxicity, and mortality due to arrhythmia, in contrast to intravenous Levetiracetam which raises no such safety concerns
                  in patients on oral maintenance with Levetiracetam. Initiation of pediatric patients on oral Levetiracetam as maintenance
                  for first-time emergency department (ED) patients with SE is more reliable due to safety and simple pharmacokinetics. An observational
                  study in the ED setting found that only 8% commenced Fosphenytoin compared to 78% Levetiracetam as maintenance.67 Besides the efficacy and tolerability benefits, Levetiracetam injection is also easier to reconstitute and administer compared
                  to Phenytoin. The calculations required for reconstituting the drug, the number of vials required, and procedures needed for
                  its administration make use of the Phenytoin complex. 52 Also Levetiracetam is available in a ready-to-use injectable formulation.
               

               Thus, meta-analyses and available evidence in a patient suffering from status epilepticus suggest that apart from Valproate
                  and Phenobarbitone, Levetiracetam can be used as first-line therapy in benzodiazepine-resistant status epilepticus but hints
                  against the first-line use of phenytoin. Further, Phenobarbitone, phenytoin, and Valproate have significant safety concerns.
               

            

         

         
               Clinical Evidence-Safety 

            The NEOLEV2 study observed that hypotension (17% vs 5%; p<0.05), and respiratory depression (26% vs 13%) occurred in a greater
               proportion of neonates treated with Phenobarbitone than Levetiracetam, and vasopressor support was also required more in the
               Phenobarbitone group than Levetiracetam (31% vs 16%). 68 Pooled analysis of RCTs found that the risk of respiratory depression was also lesser with Levetiracetam compared to Phenytoin
               or fosphenytoin. 66 There were no significant laboratory or clinical abnormalities with IV Levetiracetam administration. 23 
            

            Early exposure to Phenobarbitone used to treat neonatal seizures may negatively impact neurodevelopmental outcomes (motor,
               cognitive, and language performance) at 2 years of age using the Bayley Scales of Infant Development (BSID). Unlike Phenobarbitone,
               such cognitive and motor effects were less apparent with Levetiracetam. In a recent randomized study from Italy, the Hammersmith
               Neonatal Neurological Examination (HNNE) scores were significantly improved in terms of tone and posture (from 7.5 ± 1.18
               to 9.36 ± 0.76; P= 0.05) with Levetiracetam while Phenobarbitone demonstrated no significant improvement (from 7.6 ± 0.96
               to 8.03 ± 0.93; p=0.45).69 Significant improvement was also noted in reflexes (from 4.86 ± 0.89 to 5.56 ± 0.49; p= 0.01) and orientation and behaviour
               (from 5.16 ± 1.01 to 6.7 ± 0.45; p= 0.02) with Levetiracetam while Phenobarbitone demonstrated no such significant changes.
               Thus, Levetiracetam with its proposed neuroprotective action and safer side-effect profile may be a suitable alternative in
               neonates with abnormal neurological findings. With more robust evidence being generated from the LEVNEONAT multicenter French
               clinical trial and NEOLEV2 trial comparing Phenobarbitone, Levetiracetam may soon be used as a first-line in the treatment
               of neonatal seizures. 68, 70 

            Post-hoc analysis of a very recent study demonstrated higher CNS efficiency when participants were under the Levetiracetam
               effect. 71 In pediatric patients with both focal and generalized epilepsy, who received Levetiracetam or Phenobarbitone, Levetiracetam
               was well tolerated with no cognitive decline and no TEAE associated discontinuations. 43 
            

            In short-term studies in pediatric patients with status epilepticus admitted to emergency departments, compared to IV fosphenytoin,
               Levetiracetam did not demonstrate bradycardia (1.7% vs 0%) or need for inotropes (3.4% vs 0%) and lesser Levetiracetam-treated
               patients needed intubation (5.2% vs 1.7%). 54 Similarly a large RCT comparing Levetiracetam with fosphenytoin and Valproic acid found that the Levetiracetam-treated pediatric
               group needed lesser endotracheal intubation than the other two AEDs (8% vs 33% vs 11%; p=0.0001). 60 Cardiac instability was also higher in the Phenytoin group compared to Levetiracetam (1.9% vs 0.5%).65  In combination with other newer AEDs such as Perampanel, Levetiracetam had no noticeable effect on the incidence of hostility-
               or aggression-related AEs. 45 
            

            The incidence of treatment-emergent adverse events (TEAEs) was also lower with Levetiracetam than Topiramate (70.6% vs 77.1%),
               which included somnolence, dizziness, nasopharyngitis, decreased appetite, and headache, therefore discontinuations were also
               lower in the Levetiracetam group than Topiramate (7.9% vs 12.7%).34, 35  Thus, Levetiracetam has a better safety profile than Topiramate in patients with partial-onset seizures. 34 Also, in a head-to-head long-term comparison Levetiracetam has shown a higher retention rate and fewer side effects with
               equivalent efficacy compared with Topiramate.29  In another 1-year safety study in patients from all age groups with refractory partial-onset seizure, Levetiracetam extended-release
               monotherapy demonstrated a retention rate of 65.3% and 47.1% at 12- and 18-months, with a low discontinuation rate (2.6%)
               and in most of the patients, mild-to-moderate TEAEs reported. 72

            Treatment of geriatric group has unique challenges, due to age-related decreased metabolism and slowed down renal clearance.
               This results in a reduced therapeutic window and decreased tolerability to the therapy. 73 Moreover, the probability of multiple disease conditions and consequent polypharmacy is common, which increases the likelihood
               of drug-drug interactions.74 Globally, Carbamazepine, gabapentin, and Phenytoin are frequently used AEDs.75 Nevertheless, since Carbamazepine and Phenytoin are cytochrome P450 inducers, they interact with several drug classes. 76, 77, 78 Among the newer AEDs lamotrigine, Carbamazepine and Levetiracetam have shown efficacy in the elderly. 79, 80, 81 A 58-week, multicentric RCT compared these newer AEDs in the elderly (60-95 years) with new-onset focal epilepsy. 72 At the end of the study period, the retention rate was significantly higher for Levetiracetam than for controlled release-Carbamazepine
               (61.5% vs. 45.8%, p = 0.02), and fairly similar to Lamotrigine (55.6%). Substantiating these findings is the observation that
               the patients treated with Carbamazepine experienced adverse events which led to twice the proportion of discontinuations compared
               to those treated with Levetiracetam (32.2% vs. 17.2%; p = 0.007), while it was intermediate for patients treated with Lamotrigine
               (26.3%). 82 Thus, it can be inferred that in an elderly population with exceptional treatment challenges, Levetiracetam would be a preferred
               alternative compared to Carbamazepine or Lamotrigine due to fewer adverse events. 
            

            Cross‐sectional studies and longitudinal repeated‐measures analyses have shown that AEDs (Carbamazepine, Phenytoin, and Phenobarbitone)
               which induce CYP450 enzymes also significantly increase serum lipids and C-reactive protein (CRP) in the elderly group of patients.83, 84 A post-hoc analysis of serologic observations from a multicentric RCT over 58-weeks was performed which included elderly
               patients with new-onset epilepsy on monotherapy with Levetiracetam or Carbamazepine. 85 Analyses revealed that among patients not taking lipid‐lowering agents, Carbamazepine-treated patients had total cholesterol
               levels higher than those treated with Levetiracetam (diff 16.6 mg/dL; p=0.05). In patients on treatment with lipid-lowering
               drugs, the difference in total cholesterol (TC), High density lipoprotein-C (HDL-C) and low-density lipoprotein-C (LDL-C)
               was also greater [(TC, diff 41.4 mg/dL; p <0.0001) (HDL-C 7.22 mg/dL; p= 0.003) (LDL-C 17.59; P=0.05)]
            

            Also, a significant drug-by-gender interaction was obvious in terms of triglyceride levels. Triglycerides were significantly
               higher in males taking Carbamazepine than Levetiracetam (p<0.01), while in females the difference was not significant. Among
               Levetiracetam-treated patients,86, 87 Thus, in the elderly at high risk of vascular events, Carbamazepine which adversely affects its risk markers may not be a
               prudent choice, rather Levetiracetam would be a preferred alternative.
            

            

            

            
                  
                  Figure 2

                  Current clinical evidence regarding the safety profile of Levetiracetam versus other AEDs   

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/a56aea7d-c917-4b9e-bdaa-6e13ff031352image2.png]

            Several studies have found that epilepsy and older AEDs unfavourably affect the quality of semen, due to their effect on levels
               of sex hormones. A 6-month pre-and post-study found that Levetiracetam did not negatively affect these parameters, rather
               it led to a noteworthy improvement in semen quality [Pre-Levetiracetam vs Post-Levetiracetam (Semen total n x 106: 76.19 ± 30.76 to: 94.79 ± 22.06; fast forward movement rate (%): 33.64 ± 9.18 vs 39.21 ±5.81; survival rate (%) 44.27±6.38
               vs 47.90 ±5.33).88 
            

            A network meta-analysis of 195 RCTs showed that Levetiracetam displayed the best tolerability profile compared with other
               AEDs, while other newer AEDs oxcarbazepine and Topiramate had a higher and lamotrigine an intermediate withdrawal rate. 88, 89 Also, a network meta-analysis in patients with refractory partial-onset seizures found safety (as measured by analysis of
               the withdrawal rate due to adverse effects) was poorer with Oxcarbazepine, Retigabine, and Rufinamide, whereas Levetiracetam
               was better tolerated. 37 
            

            The probable mechanisms of AED-induced bone abnormalities may be related to the CYP-450 enzyme-inducing property which increases
               catabolism of vitamin D resulting in hypocalcemia. AEDs also may affect hormonal levels affecting bone remodeling. 
            

            Levetiracetam does not affect hepatic CYP isozymes, therefore, compared to first-generation AEDs, it has fewer effects on
               serum calcium and alkaline phosphatase in patients with epilepsy. 90 A meta-analysis evaluating the effect of AEDs on bone metabolism concluded that Levetiracetam may be a safer AED, compared
               to first-generation AEDs which decreased serum calcium, increased serum ALP more significantly, and lowered bone mineral density.
               90 
            

            From available recent evidence, Levetiracetam appears to be the most tolerated AED across the patient population with epilepsy.
                Figure  2 
            

            
                  Summary and Conclusion

               The aim of AED pharmacotherapy for epilepsy is to sustain seizure-free periods, with minimal adverse events. Thus, there lies
                  an imminent need for AEDs which fulfill both these criteria. From the clinical evidence, we can conclude that Levetiracetam
                  probably has a neuroprotective benefit over Phenobarbitone, particularly important in neonates since they are in process of
                  neurodevelopment. Also, unlike older AEDs, it has no significant effect on bone metabolism, which is an important consideration
                  in growing children and the elderly. The safety and tolerability of Levetiracetam are more apparent in reproductive issues
                  and teratogenicity risk. 91, 92, 93 

               Children exposed to Levetiracetam were not at increased risk for delayed neurodevelopment compared with unexposed children.
                  Thus, in this patient population, the adverse event profile is largely in favor of Levetiracetam in comparison to standard
                  older AEDs. More robust data from large studies comparing these with Levetiracetam may soon replace older AEDs at least in
                  neonates and pediatric patients with epilepsy. 
               

               Monotherapy with Levetiracetam is more or equally efficacious to other commonly used first-line AEDs like Phenobarbitone and
                  Carbamazepine, but meta-analysis has confirmed that Levetiracetam is significantly better in terms of withdrawal rates due
                  to tolerability issues compared to the first-line agents, hence may be considered as the first line in new-onset focal epilepsy
                  or POS in adults and elderly. 
               

               Adjunctive Levetiracetam is extremely beneficial in the treatment of refractory or drug-resistant epilepsy with higher or
                  comparable seizure cessation/freedom to other newer and older AEDs due to its unique mechanism of action. Further, it has
                  a lower incidence of TEAEs across all ages compared to Oxcarbazepine and Topiramate. Levetiracetam may be a better option
                  as an add-on treatment in children with partial seizures, due to its favorable efficacy and insignificant toxicity. Levetiracetam
                  also showed comparable efficacy to Valproic acid in the treatment of generalized epilepsy. 
               

               There is a large set of recent evidence which suggests that Levetiracetam can be considered as a potential first-choice, second-line
                  AED for Benzodiazepine resistance status epilepticus with efficacy comparable to established older AEDs like Phenytoin, fosphenytoin,
                  and Valproate or Valproic acid. It is associated with lesser morbidity compared to Phenytoin and Phenobarbitone due to the
                  absence of cardiotoxicity, respiratory depression, arrhythmia which can increase mortality. Levetiracetam extended-release,
                  immediate release, and parenteral formulations are thus effective in various types of epilepsy including focal and generalized
                  epilepsy and associated
               

               Thus, an evolving plethora of evidence confirms that Levetiracetam has emerged as an agent with the potential for being a
                  first-line AED and has also proven to be a better adjunctive when considering the efficacy and safety outcomes. 37, 94, 95 
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