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A B S T R A C T 
 

Brivaracetam is a third-generation antiseizure medication that selectively targets synaptic vesicle protein 2A (SV2A) and has demonstrated significant efficacy 

in the management of focal epilepsy. Despite its favorable pharmacological profile and improved tolerability compared to earlier agents, a substantial proportion 

of patients exhibit variable therapeutic responses. This unpredictability highlights a critical gap in epilepsy management, where treatment selection still relies 

heavily on empirical approaches. Artificial Intelligence (AI), particularly machine learning techniques, has emerged as a transformative tool capable of 

integrating complex, multidimensional datasets to predict individualized drug responses. This review discusses the pharmacological basis and clinical efficacy 

of brivaracetam, examines current challenges in predicting treatment outcomes, and explores the potential of AI-driven models to enhance precision medicine in 

epilepsy. Future perspectives emphasize the integration of multimodal data, real-world evidence, and advanced computational techniques to optimize 

therapeutic strategies. 
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INTRODUCTION 

Epilepsy is one of the most prevalent chronic neurological 

disorders, characterized by recurrent, unprovoked seizures 

resulting from abnormal, excessive neuronal activity in the 

brain. It affects more than 50 million individuals globally and 

represents a significant public health burden due to its impact 

on morbidity, mortality, and quality of life.
[1]

 Despite 

considerable advances in neuropharmacology and diagnostic 

techniques, epilepsy management remains challenging, 

particularly because of the heterogeneity in its clinical 

presentation, etiology, and response to treatment. The 

disorder encompasses a wide spectrum of seizure types, 

ranging from focal to generalized seizures, each associated 

with distinct pathophysiological mechanisms and therapeutic 

responses.
[2]

 This diversity complicates the selection of 

appropriate antiseizure medications and often necessitates a 

prolonged trial-and-error approach in clinical practice.
[3]

  

Over the past few decades, the development of antiseizure 

drugs (ASDs) has significantly improved seizure control in 

many patients. However, approximately 20–30% of 

individuals continue to experience drug-resistant epilepsy, 

defined as the failure to achieve sustained seizure freedom 

despite adequate trials of at least two appropriately chosen 

and tolerated ASDs. This persistent treatment gap highlights 

the limitations of current therapeutic strategies and 

underscores the need for more precise and individualized 

approaches to epilepsy management. Traditional methods of 

drug selection are largely empirical and are based on factors 

such as seizure type, patient age, comorbidities, and clinician 

experience.
 [4]

  

While these considerations are important, they often fail to 

account for the complex interplay of genetic, molecular, and 

environmental factors that influence drug responsiveness.
 [5]

 

Brivaracetam has emerged as a promising third-generation 

antiseizure medication designed to address some of the 
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limitations of earlier therapies. It is a selective, high-affinity 

ligand for synaptic vesicle protein 2A (SV2A), a key 

regulator of neurotransmitter release at presynaptic terminals. 

By modulating synaptic vesicle exocytosis, brivaracetam 

reduces neuronal hyperexcitability, thereby exerting its 

antiepileptic effects.
[6]

   Compared to its structural analog 

levetiracetam, brivaracetam exhibits significantly greater 

affinity for SV2A and demonstrates more rapid brain 

penetration, which may contribute to its enhanced efficacy 

and tolerability. Clinical trials and real-world studies have 

shown that brivaracetam is effective as both adjunctive 

therapy and monotherapy in patients with focal-onset 

seizures, with a favorable safety profile and relatively low 

incidence of behavioral adverse effects.
[7]

  

Despite these advantages, the clinical response to 

brivaracetam remains highly variable among patients. While 

some individuals achieve substantial seizure reduction or 

complete seizure freedom, others show minimal or no 

improvement.
[8]

 This variability can be attributed to multiple 

factors, including differences in epilepsy etiology, disease 

duration, prior treatment history, comorbid conditions, and 

underlying genetic predispositions. Furthermore, the absence 

of reliable predictive biomarkers makes it difficult to identify 

responders and non-responders before initiating therapy. As a 

result, clinicians often rely on iterative treatment 

adjustments, which can delay optimal seizure control and 

increase the risk of adverse effects and psychosocial 

consequences.
[9]

 In this context, there is an urgent need for 

innovative approaches that can enhance the precision of 

treatment selection and improve patient outcomes.  

Artificial Intelligence (AI), encompassing machine learning 

(ML) and deep learning techniques, has emerged as a 

powerful tool for analyzing complex biomedical data and 

generating predictive insights. Unlike traditional statistical 

methods, AI algorithms can handle large, multidimensional 

datasets and uncover nonlinear relationships between 

variables, making them particularly well-suited for 

applications in personalized medicine. In the field of 

epilepsy, AI has already demonstrated significant potential in 

areas such as seizure detection, seizure prediction, and 

neuroimaging analysis. These advancements suggest that AI 

could also play a crucial role in predicting treatment response 

and guiding therapeutic decisions.
  

[10]
 The integration of AI into epilepsy management involves 

the analysis of diverse data sources, including clinical 

records, electroencephalographic (EEG) signals, 

neuroimaging data, and genomic information. By combining 

these datasets, AI models can generate comprehensive 

patient profiles and identify patterns associated with 

treatment outcomes. For example, machine learning 

algorithms can analyze EEG features to assess seizure 

dynamics, while neuroimaging data can provide insights into 

structural and functional abnormalities of the brain. 

Additionally, pharmacogenomic studies can reveal genetic 

variants that influence drug metabolism and target 

interactions, further enhancing the predictive capabilities of 

AI models.  

The convergence of these data modalities represents a 

significant toward precision medicine, where treatment 

strategies are tailored to the unique characteristics of each 

patient.
[11]

 The application of AI to predict brivaracetam 

treatment response is still in its early stages but holds 

considerable promise. Developing robust predictive models 

requires large, well-curated datasets and rigorous validation 

to ensure accuracy and generalizability. Moreover, the 

successful implementation of AI in clinical practice depends 

on addressing several challenges, including data 

standardization, model interpretability, and ethical 

considerations related to patient privacy and algorithmic bias. 

Despite these obstacles, ongoing research and technological 

advancements are rapidly advancing the field, paving the 

way for the integration of AI-driven decision support systems 

into routine clinical care.
[12]

 

In summary, epilepsy remains a complex and heterogeneous 

disorder that poses significant challenges in treatment 

selection and outcome prediction. Brivaracetam represents an 

important advancement in antiseizure pharmacotherapy, yet 

variability in patient response limits its full potential. 

Artificial Intelligence offers a transformative approach to 

overcoming these limitations by enabling data-driven, 

personalized treatment strategies.
[13]

 The integration of AI 

into epilepsy management has the potential to reduce the 

reliance on empirical prescribing, improve seizure control, 

and enhance the overall quality of life for patients. This 

review aims to explore the current landscape of brivaracetam 

therapy, examine the challenges associated with predicting 

treatment response, and highlight the future role of AI in 

advancing precision medicine in epilepsy.
 [14]

 

MECHANISM AND CLINICAL EFFICACY 

Brivaracetam represents a significant advancement in the 

pharmacological management of epilepsy, particularly in the 

treatment of focal-onset seizures. It is classified as a third-

generation antiseizure medication and was developed as an 

analogue of levetiracetam with the aim of improving 

efficacy, selectivity, and tolerability. The primary mechanism 

of action of brivaracetam involves its high-affinity binding to 

synaptic vesicle protein 2A (SV2A), a transmembrane 

glycoprotein located in presynaptic vesicles that plays a 

crucial role in regulating neurotransmitter release. SV2A is 

widely distributed throughout the central nervous system and 

is essential for maintaining synaptic stability and modulating 

neuronal excitability.
[15]

  

By selectively targeting this protein, brivaracetam influences 

synaptic vesicle exocytosis and reduces the excessive 

neuronal firing that underlies epileptic seizures. Notably, 

brivaracetam exhibits approximately 15- to 30-fold greater 

affinity for SV2A compared to levetiracetam, which 

contributes to its enhanced potency and more rapid onset of 

action. This increased affinity allows for more efficient 
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modulation of synaptic transmission at lower concentrations, 

potentially leading to improved therapeutic outcomes.
 [16]

 In 

addition to its primary action on SV2A, brivaracetam has 

been shown to exert secondary effects that may further 

contribute to its antiepileptic properties.  

Experimental studies suggest that it may modulate voltage-

gated sodium channels, thereby stabilizing neuronal 

membranes and reducing repetitive neuronal firing. Although 

this effect is less pronounced compared to traditional sodium 

channel blockers, it may act synergistically with SV2A 

binding to enhance overall efficacy. Furthermore, 

brivaracetam demonstrates rapid penetration across the 

blood–brain barrier, achieving peak brain concentrations 

quickly after administration. This pharmacokinetic 

characteristic is particularly advantageous in clinical settings 

where rapid seizure control is required. The drug also 

exhibits linear pharmacokinetics, minimal protein binding, 

and limited drug–drug interactions, making it suitable for use 

in combination with other antiseizure medications. .
 [17]

 

 

Figure 1: Mechanism and Clinical Efficacy 

The clinical efficacy of brivaracetam has been extensively 

evaluated in randomized controlled trials as well as real-

world observational studies. In pivotal phase III clinical trials 

involving patients with refractory focal epilepsy, 

brivaracetam demonstrated a statistically significant 

reduction in seizure frequency compared to placebo. A 

substantial proportion of patients achieved a ≥50% reduction 

in seizure frequency, commonly referred to as the responder 

rate, which is a key endpoint in epilepsy trials. Additionally, 

a smaller but clinically meaningful percentage of patients 

achieved complete seizure freedom during the treatment 

period. These findings have been consistently supported by 

long-term extension studies, which indicate sustained 

efficacy over extended durations of therapy.  

Importantly, brivaracetam has shown effectiveness in 

patients who have previously been treated with multiple 

antiseizure medications, including those who did not respond 

adequately to levetiracetam, suggesting partial non-cross-

resistance between the two drugs despite their shared target. 

.
[18]

 Real-world evidence further reinforces the clinical utility 

of brivaracetam in diverse patient populations. Observational 

studies conducted in routine clinical practice settings have 

reported responder rates comparable to or slightly higher 

than those observed in clinical trials, highlighting its 

effectiveness outside controlled research environments. 

These studies also suggest that brivaracetam may be 

particularly beneficial in patients who experience behavioral 

adverse effects with levetiracetam, as it appears to have a 

more favorable neuropsychiatric profile.
[19]

  

The incidence of treatment-emergent adverse events is 

generally low, with most side effects being mild to moderate 

in severity. Commonly reported adverse effects include 

somnolence, dizziness, fatigue, and headache. Unlike some 

other antiseizure medications, brivaracetam is associated 

with a lower risk of cognitive impairment and psychiatric 

disturbances, which are important considerations in long-

term epilepsy management.
[20]

 Another important aspect of 

brivaracetam therapy is its versatility in clinical use. It can be 

administered both as adjunctive therapy and, in some cases, 

as monotherapy, depending on regional regulatory approvals 

and clinical guidelines. The availability of multiple 

formulations, including oral tablets, oral solution, and 
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intravenous preparations, provides flexibility in dosing and 

facilitates use in various clinical scenarios, such as in patients 

with swallowing difficulties or in acute care settings.
[22]

  

The drug’s rapid onset of action and predictable 

pharmacokinetics make it particularly useful in situations 

requiring quick therapeutic adjustments. Additionally, 

brivaracetam does not significantly induce or inhibit hepatic 

enzymes, thereby minimizing the risk of pharmacokinetic 

interactions with other medications, which is especially 

relevant in patients receiving polytherapy.
[23]

 Despite these 

advantages, variability in treatment response remains a 

notable limitation. Not all patients experience significant 

seizure reduction, and the reasons for this heterogeneity are 

not fully understood. Factors such as differences in 

underlying epilepsy etiology, genetic variations affecting 

SV2A expression or function, and prior treatment history 

may influence individual responses to brivaracetam. 

Moreover, while the drug is generally well tolerated, a subset 

of patients may still experience adverse effects that 

necessitate dose adjustment or discontinuation.  

These challenges underscore the need for predictive tools 

that can identify patients who are most likely to benefit from 

brivaracetam therapy.
[24]

 In conclusion, brivaracetam is a 

highly selective and effective antiseizure medication with a 

well-defined mechanism of action centered on SV2A 

modulation. Its superior binding affinity, rapid brain 

penetration, and favorable pharmacokinetic profile contribute 

to its clinical efficacy and tolerability. Evidence from both 

clinical trials and real-world studies supports its use as an 

important therapeutic option for patients with focal epilepsy, 

including those with drug-resistant forms of the disorder. 

However, the variability in patient response highlights the 

limitations of current treatment approaches and emphasizes 

the need for personalized strategies. Understanding the 

mechanisms underlying this variability and integrating 

predictive technologies such as Artificial Intelligence may 

further enhance the clinical utility of brivaracetam and 

improve outcomes in epilepsy management.
[25]

 

CHALLENGES IN PREDICTING TREATMENT 

RESPONSE 

Predicting treatment response in epilepsy, particularly in the 

context of newer antiseizure medications such as 

brivaracetam, remains one of the most complex and 

unresolved challenges in clinical neurology. Despite 

significant advances in pharmacotherapy and neurodiagnostic 

techniques, the ability to accurately determine which patients 

will respond favorably to a specific drug prior to its initiation 

is still limited. This uncertainty largely stems from the 

inherently heterogeneous nature of epilepsy, which is not a 

single disease but rather a spectrum of disorders with diverse 

etiologies, pathophysiological mechanisms, and clinical 

manifestations. Variability in seizure types, ranging from 

focal to generalized onset, as well as differences in 

underlying causes such as genetic mutations, structural brain 

abnormalities, metabolic disorders, or immune-mediated 

processes, significantly influence therapeutic outcomes. As a 

result, two patients with seemingly similar clinical 

presentations may exhibit markedly different responses to the 

same medication, including brivaracetam.
[26]

 One of the 

primary challenges in predicting treatment response is the 

absence of reliable and validated biomarkers that can guide 

clinical decision-making.  

Although advances in neuroimaging, electroencephalography 

(EEG), and molecular biology have provided valuable 

insights into the mechanisms of epilepsy, these tools have not 

yet translated into robust predictive indicators of drug 

efficacy.
[27]

 For instance, while EEG patterns can help 

classify seizure types and assess disease severity, their utility 

in forecasting response to specific antiseizure medications 

remains limited. Similarly, neuroimaging techniques such as 

magnetic resonance imaging (MRI) can identify structural 

lesions associated with epilepsy, but they do not consistently 

predict pharmacological responsiveness. The lack of 

standardized biomarkers is further compounded by 

variability in data acquisition and interpretation across 

different clinical settings, reduces the generalizability of 

findings.
[28]

  

Genetic and molecular factors also play a critical role in 

determining treatment response, yet their integration into 

routine clinical practice remains limited. Pharmacogenomics, 

which ուսումնասիր the influence of genetic variations on 

drug response, has shown promise in identifying genes 

associated with drug metabolism, transport, and target 

interactions. However, the genetic architecture of epilepsy is 

highly complex, often involving multiple genes and gene-

environment interactions, making it difficult to establish 

clear predictive relationships. In the case of brivaracetam, 

variations in the expression or function of synaptic vesicle 

protein 2A (SV2A) may theoretically influence drug 

efficacy, but current evidence is insufficient to support its use 

as a predictive biomarker. Furthermore, large-scale genomic 

studies are required to validate potential associations and 

ensure their applicability across diverse populations.
[29]

  

Another significant challenge is the reliance on a trial-and-

error approach in the selection of antiseizure medications. In 

routine clinical practice, treatment decisions are often based 

on empirical considerations such as seizure type, patient age, 

comorbidities, and prior drug history. While these factors 

provide a useful framework, they do not capture the full 

complexity of individual patient profiles. Consequently, 

patients may undergo multiple treatment trials before 

achieving optimal seizure control, if at all. This iterative 

process can lead to prolonged periods of uncontrolled 

seizures, increased risk of injury and psychosocial 

complications, and reduced quality of life. Additionally, 

repeated exposure to ineffective medications increases the 

likelihood of adverse effects and drug interactions, further 

complicating disease management.
[30]
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The limitations of conventional statistical methods also 

contribute to the difficulty in predicting treatment response. 

Traditional approaches, such as regression analysis, are often 

based on linear assumptions and may not adequately capture 

the complex, nonlinear relationships between multiple 

interacting variables that influence drug efficacy. Epilepsy is 

influenced by a multitude of factors, including clinical 

characteristics, neurophysiological patterns, imaging 

findings, and genetic predispositions, all of which interact in 

dynamic and often unpredictable ways. The inability of 

conventional models to integrate and analyze these 

multidimensional datasets limits their predictive accuracy 

and clinical utility.
[31]

 

Data-related challenges further exacerbate the problem. 

High-quality, large-scale datasets are essential for developing 

reliable predictive models, yet such datasets are often scarce 

in epilepsy research. Many studies are limited by small 

sample sizes, incomplete data, and lack of longitudinal 

follow-up, which can lead to biased or inconclusive results. 

Additionally, variability in data collection methods, 

diagnostic criteria, and treatment protocols across different 

institutions hinders the standardization and integration of 

data. This lack of harmonization poses significant barriers to 

the development of generalized predictive models that can be 

applied across diverse patient populations.
[32]

  

Another important consideration is the dynamic nature of 

epilepsy, which evolves over time in response to disease 

progression, treatment interventions, and environmental 

factors. For example, a patient who initially responds well to 

brivaracetam may later experience a loss of efficacy due to 

tolerance, disease progression, or the emergence of new 

seizure types. Conversely, some patients may exhibit delayed 

responses or improved outcomes following dose adjustments 

or combination therapy. Capturing these temporal dynamics 

requires longitudinal data and advanced analytical 

approaches, which are often lacking in current research.
[33]

  

Psychosocial and environmental factors also influence 

treatment outcomes but are frequently underrepresented in 

predictive models. Factors such as medication adherence, 

lifestyle habits, stress levels, and socioeconomic status can 

significantly impact seizure control and overall treatment 

success. For instance, poor adherence to medication regimens 

is a common cause of treatment failure, yet it is rarely 

accounted for in clinical trials or predictive analyses. 

Similarly, comorbid psychiatric conditions, such as 

depression and anxiety, can affect both seizure frequency and 

patient-reported outcomes, further complicating the 

assessment of treatment efficacy.
[34]

 

Finally, the translation of research findings into clinical 

practice presents additional challenges. Even when potential 

predictive factors are identified, their implementation in 

routine care requires validation, standardization, and 

integration into clinical workflows. Clinicians may be 

hesitant to adopt new predictive tools without clear evidence 

of their reliability and practical utility. Moreover, ethical 

considerations, including patient privacy, data security, and 

the potential for algorithmic bias, must be carefully 

addressed to ensure responsible use of predictive 

technologies.
[35]

  

In summary, predicting treatment response in epilepsy, 

particularly for medications such as brivaracetam, is hindered 

by a complex interplay of clinical, biological, and 

methodological challenges. The heterogeneity of the 

disorder, lack of reliable biomarkers, limitations of 

traditional analytical methods, and scarcity of high-quality 

data all contribute to the current reliance on empirical 

treatment strategies. Addressing these challenges requires a 

multidisciplinary approach that integrates advances in 

neurobiology, data science, and clinical practice. Emerging 

technologies, particularly Artificial Intelligence, hold 

significant promise in overcoming these limitations by 

enabling the analysis of complex, multidimensional datasets 

and facilitating the development of personalized treatment 

strategies. However, substantial efforts are needed to validate 

these approaches and ensure their successful translation into 

clinical care.
[36]

 

ROLE OF ARTIFICIAL INTELLIGENCE IN 

EPILEPSY 

Artificial Intelligence (AI) has emerged as a transformative 

tool in modern healthcare, with significant applications in the 

field of epilepsy. Given the complex and heterogeneous 

nature of epilepsy, traditional analytical approaches often fall 

short in capturing the intricate relationships between clinical, 

neurophysiological, and biological variables. AI, particularly 

machine learning (ML) and deep learning techniques, offers 

the ability to analyze large, multidimensional datasets and 

identify patterns that are not readily apparent through 

conventional methods.  

This capability makes AI especially valuable in addressing 

key challenges in epilepsy management, including seizure 

detection, seizure prediction, diagnosis, and treatment 

outcome forecasting. One of the most extensively studied 

applications of AI in epilepsy is seizure detection and 

prediction using electroencephalography (EEG) data. 

Machine learning algorithms can process continuous EEG 

recordings to automatically identify seizure events with high 

accuracy, reducing the need for manual interpretation and 

enabling real-time monitoring.  

Advanced deep learning models, such as convolutional 

neural networks (CNNs) and recurrent neural networks 

(RNNs), have demonstrated strong performance in 

recognizing complex temporal and spatial patterns in EEG 

signals. Furthermore, predictive models have been developed 

to forecast seizure onset minutes to hours in advance, 

offering the potential for early intervention and improved 

patient safety.
[37] 
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Figure 2: A simplified conceptual view of future personalized antiseizure medication therapy in clinical epilepsy through artificial intelligence 

Beyond seizure prediction, AI has shown considerable 

promise in improving diagnostic accuracy. By integrating 

clinical data with neuroimaging techniques such as magnetic 

resonance imaging (MRI) and functional imaging, AI models 

can assist in identifying structural and functional 

abnormalities associated with epilepsy. These tools are 

particularly useful in cases where conventional imaging 

appears normal but subtle abnormalities may still be present. 

AI-driven image analysis can enhance lesion detection, 

classify epilepsy subtypes, and support pre-surgical 

evaluation in patients with drug-resistant epilepsy.
[38]

 

Another important application of AI in epilepsy is the 

prediction of treatment outcomes. Machine learning models 

can analyze patient-specific data, including demographic 

characteristics, seizure history, EEG findings, and prior 

treatment responses, to estimate the likelihood of response to 

specific antiseizure medications. This approach has the 

potential to reduce reliance on empirical prescribing and 

facilitate more personalized treatment strategies. In the 

context of brivaracetam, AI models could integrate 

multimodal data to identify patients who are most likely to 

benefit from therapy, thereby improving clinical decision-

making and optimizing therapeutic outcomes. AI also plays a 

growing role in the development of precision medicine 

approaches in epilepsy.  

By incorporating data from genomics, proteomics, and 

metabolomics, AI systems can provide deeper insights into 

the molecular mechanisms underlying the disorder and its 

response to treatment. This integrative approach enables the 

identification of potential biomarkers and therapeutic targets, 

paving the way for individualized treatment plans. 

Additionally, the use of wearable devices and mobile health 

technologies has expanded the scope of data collection, 

allowing for continuous monitoring of seizure activity and 

patient behavior.  

AI algorithms can analyze these real-world data streams to 

generate dynamic predictions and support ongoing treatment 

adjustments.
[39]

 Despite its considerable potential, the 

application of AI in epilepsy is not without challenges. Issues 

related to data quality, standardization, and availability 

remain significant barriers to the development of robust 

models. Moreover, the interpretability of AI systems is a 

critical concern, as many advanced models function as “black 

boxes,” making it difficult for clinicians to understand the 

rationale behind their predictions. Ethical considerations, 

including data privacy, informed consent, and algorithmic 

bias, must also be carefully addressed to ensure responsible 

implementation.
[40]

 

In conclusion, Artificial Intelligence represents a powerful 

and evolving tool in epilepsy research and clinical practice. 

Its ability to integrate and analyze complex datasets offers 

new opportunities for improving diagnosis, predicting 

seizures, and optimizing treatment strategies. While 

challenges remain, ongoing advancements in AI technology 

and data science are expected to further enhance its role in 

epilepsy care, ultimately contributing to more precise, 

efficient, and patient-centered management approaches.
[41]

 

AI-ASSISTED PREDICTION OF BRIVARACETAM 

RESPONSE 

The application of AI in predicting brivaracetam treatment 

response represents a promising advancement in epilepsy 

care. Machine learning models can incorporate a wide range 

of predictive features, including demographic characteristics, 

clinical history, neurophysiological data, imaging findings, 

and genomic information. For instance, EEG patterns and 

seizure frequency may provide insights into disease severity 

and treatment responsiveness, while neuroimaging data can 

reveal structural abnormalities associated with refractory 

epilepsy. Additionally, pharmacogenomic analyses may 

identify genetic variations that influence drug metabolism 



Shelke  et al                                                                                 Asian Journal of Pharmaceutical Research and Development. 2026; 14(3): 481- 489 

ISSN: 2320-4850                                                                                               [487]                                                     CODEN (USA): AJPRHS 

and target interactions. By integrating these multidimensional 

datasets, AI models can identify complex interactions and 

generate predictive scores that estimate the likelihood of 

treatment success. Such models typically involve data 

preprocessing, feature selection, model training, and 

validation, culminating in the development of clinical 

decision support systems. These systems have the potential to 

assist clinicians in selecting the most appropriate therapy, 

thereby improving patient outcomes and reducing 

unnecessary treatment trials.
[42]

 

ADVANTAGES OF AI-BASED PREDICTION 

The adoption of AI-based predictive models in epilepsy 

management offers several advantages. First, it enables 

personalized treatment selection by tailoring therapeutic 

strategies to individual patient characteristics. This approach 

can significantly reduce the reliance on trial-and-error 

prescribing, leading to faster seizure control and improved 

quality of life. Second, AI models can enhance clinical 

efficiency by providing decision support tools that streamline 

the treatment selection process. Third, the use of predictive 

analytics can reduce healthcare costs by minimizing 

ineffective treatments and associated complications. Finally, 

AI has the potential to continuously learn and improve over 

time as more data become available, thereby increasing its 

predictive accuracy and clinical utility.
[43]

 

LIMITATIONS AND CHALLENGES 

Despite its potential, the implementation of AI in predicting 

brivaracetam response is associated with several challenges. 

Data-related issues, such as limited sample sizes, missing 

data, and lack of standardization, can adversely affect model 

performance. Additionally, many AI models are prone to 

overfitting, particularly when trained on small datasets, limits 

their generalizability to broader patient populations. Another 

important concern is the lack of interpretability in complex 

models, often referred to as the "black-box" problem, which 

can hinder clinical acceptance. Ethical considerations, 

including data privacy, algorithmic bias, and accountability, 

must also be addressed to ensure responsible use of AI in 

healthcare. Furthermore, the integration of AI systems into 

clinical workflows requires substantial infrastructure, 

interdisciplinary collaboration, and regulatory approval.
[44]

 

FUTURE PERSPECTIVES 

The future of epilepsy management is increasingly aligned 

with the principles of precision medicine, where therapeutic 

decisions are tailored to the individual characteristics of each 

patient. In this evolving landscape, Artificial Intelligence 

(AI) is expected to play a central role in transforming how 

epilepsy is diagnosed, monitored, and treated. As 

advancements in computational power, data availability, and 

algorithm design continue to accelerate, AI-driven 

approaches are likely to overcome many of the current 

limitations associated with conventional treatment strategies, 

particularly in predicting responses to antiseizure 

medications such as brivaracetam.
[45]

  

One of the most promising directions lies in the integration 

of multimodal data to enhance predictive accuracy. Future AI 

systems are expected to combine clinical information with 

electroencephalographic (EEG) data, neuroimaging findings, 

and molecular profiles, including genomics, proteomics, and 

metabolomics. This comprehensive approach will enable a 

deeper understanding of the biological mechanisms 

underlying epilepsy and facilitate the identification of robust 

biomarkers for treatment response.  

In the context of brivaracetam, such integrative models may 

help identify patient subgroups that are more likely to benefit 

from SV2A-targeted therapies, thereby improving 

therapeutic efficiency and reducing unnecessary drug 

exposure. Another key area of development is the 

incorporation of real-world data through wearable devices 

and mobile health technologies. Continuous monitoring of 

seizure activity, sleep patterns, medication adherence, and 

environmental factors can generate large volumes of 

longitudinal data that reflect the dynamic nature of epilepsy. 

AI algorithms can analyze these data streams in real time to 

provide personalized insights, predict changes in disease 

patterns, and support timely therapeutic adjustments.  

This shift toward continuous, data-driven care has the 

potential to significantly improve seizure control and patient 

quality of life.
[46]

 Advances in explainable AI (XAI) are also 

expected to address one of the major barriers to clinical 

adoption, namely the lack of transparency in complex 

machine learning models. By developing algorithms that 

provide interpretable and clinically meaningful outputs, 

researchers can enhance clinician trust and facilitate the 

integration of AI tools into routine practice. Explainable 

models can highlight the key factors influencing predictions, 

enabling clinicians to make informed decisions and validate 

AI-generated recommendations within the clinical context.
[47]

  

In addition, collaborative research initiatives and the 

establishment of large, standardized datasets will be crucial 

for the development and validation of robust predictive 

models. Multicenter studies and international data-sharing 

platforms can help overcome the limitations of small sample 

sizes and improve the generalizability of AI systems across 

diverse populations. Regulatory frameworks and clinical 

guidelines will also need to evolve to accommodate the use 

of AI in healthcare, ensuring that these technologies are safe, 

effective, and ethically implemented.
[48]

 Furthermore, the 

integration of AI into clinical decision support systems is 

expected to redefine the workflow of epilepsy care.  

These systems can assist clinicians by providing evidence-

based recommendations, predicting treatment outcomes, and 

identifying optimal therapeutic strategies. In the case of 

brivaracetam, AI-driven tools could guide drug selection, 

dosing strategies, and combination therapies based on 

individual patient profiles. Such advancements will not 

replace clinical judgment but rather augment it, enabling 

more informed and efficient decision-making. In conclusion, 

the future of AI-assisted prediction in epilepsy holds 

immense potential to revolutionize patient care. By 
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leveraging multimodal data, real-time monitoring, and 

advanced analytical techniques, AI can facilitate the 

transition from empirical treatment approaches to truly 

personalized medicine. Although challenges related to data 

quality, interpretability, and ethical considerations remain, 

ongoing research and technological innovation are expected 

to address these issues. Ultimately, the successful integration 

of AI into epilepsy management will lead to improved 

treatment outcomes, reduced healthcare burden, and 

enhanced quality of life for patients.
[49]

 

CONCLUSION 

The management of epilepsy continues to present significant 

clinical challenges due to the inherent heterogeneity of the 

disorder and the variability in patient responses to antiseizure 

medications. Brivaracetam has emerged as an important 

therapeutic advancement, offering high selectivity for 

synaptic vesicle protein 2A (SV2A), favorable 

pharmacokinetics, and improved tolerability compared to 

earlier agents. Clinical trials and real-world evidence 

consistently demonstrate its efficacy in reducing seizure 

frequency and achieving meaningful responder rates across 

diverse patient populations, including those with drug-

resistant epilepsy. Nevertheless, a substantial proportion of 

patients fail to achieve optimal outcomes, highlighting the 

limitations of current empirical treatment approaches. 

 One of the central challenges in epilepsy care is the inability 

to accurately predict treatment response prior to drug 

initiation. The absence of validated biomarkers, combined 

with the multifactorial nature of epilepsy involving genetic, 

structural, and environmental influences, contributes to the 

continued reliance on trial-and-error prescribing. This 

approach not only delays effective seizure control but also 

increases the risk of adverse effects and negatively impacts 

patient quality of life. Recent advances in neurophysiology 

and imaging, such as quantitative EEG studies, have begun to 

provide insights into drug effects and response patterns; 

however, their predictive utility remains limited when used in 

isolation.  

Artificial Intelligence (AI) has emerged as a transformative 

tool capable of addressing these challenges by enabling the 

integration and analysis of complex, multidimensional 

datasets. Machine learning and deep learning algorithms can 

uncover nonlinear relationships between clinical, 

neurophysiological, imaging, and genomic variables, thereby 

facilitating the development of predictive models for 

treatment response. In epilepsy, AI has already demonstrated 

strong performance in seizure detection and prediction, as 

well as in forecasting clinical outcomes, supporting its 

potential application in therapeutic decision-making.  

The extension of these approaches to predict brivaracetam 

response represents a important step toward precision 

medicine. Despite its promise, the clinical implementation of 

AI-driven prediction models remains in its early stages. Key 

challenges include limited availability of large, high-quality 

datasets, lack of standardization across studies, and concerns 

regarding model interpretability and ethical use. Addressing 

these barriers will require collaborative efforts across 

disciplines, including neurology, data science, and 

bioinformatics, as well as the development of robust 

validation frameworks and regulatory guidelines. 

 Looking forward, the integration of AI with real-world data, 

wearable technologies, and multi-omics approaches is 

expected to significantly enhance the accuracy and 

applicability of predictive models. Such advancements will 

enable clinicians to move beyond empirical treatment 

strategies toward personalized, data-driven care. In this 

context, AI-assisted prediction of brivaracetam treatment 

response holds considerable potential to improve clinical 

outcomes, reduce healthcare burden, and enhance the quality 

of life for patients with epilepsy. 

In conclusion, while brivaracetam represents a significant 

advancement in antiseizure pharmacotherapy, its full clinical 

potential can only be realized through the development of 

reliable predictive tools. Artificial Intelligence offers a 

powerful and promising pathway to achieve this goal, 

marking a paradigm shift toward precision medicine in 

epilepsy. Continued research, interdisciplinary collaboration, 

and technological innovation will be essential to translate 

these advancements into routine clinical practice. 
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