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principles of TDM in epilepsy management,
discusses the pharmacokinetic
considerations of commonly used AEDs,
and evaluates clinical evidence supporting
TDM implementation. Recommendations
for integrating TDM into routine clinical
practice are provided to improve patient
outcomes. Epilepsy is a chronic neurological
disorder characterized by recurrent seizures
that require long-term antiepileptic drug
(AED) therapy for effective management.
Therapeutic drug monitoring (TDM) plays a
critical role in optimizing antiepileptic
treatment by ensuring drug concentrations
remain within a therapeutic range that
maximizes efficacy while minimizing

toxicity. This review explores the principles
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and clinical applications of TDM in
antiepileptic therapy, highlighting its impact
on dose individualization, assessment of
patient adherence, and management of drug
interactions. Current evidence supporting
the use of TDM for various AEDs including
phenytoin, carbamazepine, valproate, and
newer agents is evaluated. Challenges and
future directions in integrating TDM into
routine epilepsy care are discussed with an
emphasis on  personalized medicine
approaches.
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Introduction:

Epilepsy is a chronic neurological disorder characterized by recurrent unprovoked seizures,
affecting approximately 50 million people worldwide. Effective management relies primarily on
antiepileptic drugs (AEDs), which require careful dose titration to achieve seizure control while
avoiding toxicity. Many AEDs exhibit a narrow therapeutic window, significant inter-individual
pharmacokinetic variability, and are prone to drug—drug interactions. Factors such as age,
comorbidities, genetic polymorphisms, and concomitant medications influence drug absorption,
metabolism, and elimination. Therapeutic drug monitoring (TDM)—measuring serum drug
concentrations at designated intervals—provides objective data to guide dosing adjustments,
detect non-compliance, and prevent adverse drug reactions. Despite its recognized benefits, the
application of TDM in epilepsy management varies globally. This article reviews the clinical
utility of TDM in AED therapy, emphasizing its role in optimizing efficacy and safety. Epilepsy
affects approximately 50 million people worldwide and is managed primarily through chronic
administration of antiepileptic drugs (AEDs). Despite significant advances in pharmacotherapy,
achieving optimal seizure control while avoiding adverse drug reactions remains challenging due
to narrow therapeutic indices, inter-individual variability in pharmacokinetics, drug-drug
interactions, and patient-specific factors such as age, genetics, and comorbidities. Therapeutic
drug monitoring (TDM) involves the measurement of drug concentrations in biological fluids,
predominantly serum, to guide dosing decisions and improve treatment outcomes. By correlating
plasma levels with clinical response and toxicity, TDM facilitates individualized therapy that
balances seizure suppression and safety. The implementation of TDM in epilepsy care has evolved
from being a tool mainly for toxicity prevention to encompassing adherence monitoring, dose
adjustment in special populations, and the management of polytherapy regimens. This
comprehensive review discusses the rationale, methodology, and clinical benefits of TDM in
antiepileptic therapy, alongside challenges faced in its practical application and future prospects
for advancing epilepsy management through pharmacological monitoring.
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Materials and Methods:

A comprehensive literature review was conducted using databases including PubMed, EMBASE,
and Cochrane Library, focusing on publications from 2000 to 2025. Search terms included
"therapeutic drug monitoring,” "antiepileptic drugs,” "epilepsy,” "pharmacokinetics," and "clinical
outcomes.” Randomized controlled trials, observational studies, clinical guidelines, and meta-
analyses were included. Pharmacokinetic data of major AEDs—such as phenytoin,
carbamazepine, valproic acid, lamotrigine, and levetiracetam—were analyzed. The review also
evaluated clinical scenarios warranting TDM and practical recommendations for sample
collection, interpretation, and dosing adjustments.

Results:

TDM is particularly valuable for AEDs with narrow therapeutic indices, nonlinear
pharmacokinetics, or high inter-patient variability. Phenytoin and carbamazepine exhibit saturable
metabolism, making serum concentration monitoring crucial to avoid toxicity. Valproic acid
requires monitoring due to variable protein binding and risk of hepatotoxicity. Lamotrigine and
levetiracetam, with more predictable pharmacokinetics, benefit from TDM in special populations
such as pregnant women or patients with renal impairment. Clinical indications for TDM include
suspected non-compliance, breakthrough seizures, adverse effects, initiation or withdrawal of
interacting drugs, and physiological changes affecting pharmacokinetics. Evidence suggests that
TDM-guided dose adjustments improve seizure control rates and reduce adverse drug reactions.
Sampling timing is critical; trough levels (just before next dose) are preferred to ensure
consistency. Interpretation must consider clinical context, concomitant medications, and
laboratory variability. Guidelines recommend integrating TDM as a complementary tool alongside
clinical assessment. Clinical studies have consistently demonstrated that TDM improves seizure
control and reduces adverse effects in patients undergoing antiepileptic therapy. For classic AEDs
such as phenytoin, carbamazepine, and valproic acid, therapeutic plasma concentration ranges are
well-established, with phenytoin’s therapeutic window generally considered between 10-20
pg/mL, carbamazepine between 4-12 pg/mL, and valproate between 50-100 pg/mL. Patients with
plasma levels outside these ranges frequently experience either breakthrough seizures or dose-
dependent side effects such as ataxia, dizziness, or hepatotoxicity. TDM also proves valuable in
pediatric and elderly populations where pharmacokinetic profiles may differ substantially,
necessitating frequent dose adjustments. In polytherapy, monitoring allows for detection of
pharmacokinetic interactions; for example, carbamazepine is a hepatic enzyme inducer reducing
serum concentrations of co-administered drugs, which can be identified and managed through
TDM. Additionally, TDM helps detect poor adherence, a significant factor contributing to
treatment failure, by revealing subtherapeutic drug levels despite prescribed dosing. Recent
evidence extends TDM utility to newer AEDs such as lamotrigine and levetiracetam, although
therapeutic ranges are less well defined, highlighting the need for further research. The integration
of TDM with pharmacogenetic data shows promise in predicting individual drug metabolism
rates, further optimizing dose individualization. Overall, data indicate that TDM-guided therapy is
associated with improved seizure frequency, decreased hospitalization rates, and enhanced patient
quality of life.

Discussion:

The role of TDM in antiepileptic therapy is multifaceted, enhancing individualized treatment and
minimizing risks. Challenges include variability in assay availability, cost, and interpretation
complexity. Clinicians should be trained in understanding pharmacokinetic principles and the
limitations of serum concentration measurements. The emergence of novel AEDs with favorable
pharmacokinetics may reduce reliance on routine TDM; however, certain clinical situations still
necessitate monitoring. In pediatric and elderly patients, physiological changes affect drug
metabolism, increasing the value of TDM. Drug interactions—such as enzyme induction or
inhibition—can drastically alter serum levels, making monitoring essential during polytherapy.
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Furthermore, pregnancy induces pharmacokinetic changes requiring frequent TDM to maintain
therapeutic levels and prevent seizure exacerbation. Future directions include the integration of
pharmacogenomics with TDM to further individualize therapy. The development of point-of-care
TDM assays and digital health platforms may facilitate wider implementation. : The
implementation of therapeutic drug monitoring in antiepileptic therapy has revolutionized the
approach to epilepsy management by promoting individualized treatment strategies that improve
both efficacy and safety. By ensuring drug concentrations remain within target therapeutic
windows, TDM minimizes the risks associated with underdosing, such as uncontrolled seizures,
and overdosing, including neurotoxicity and systemic adverse effects. Its role is particularly
crucial in populations with altered pharmacokinetics such as children, pregnant women, and
patients with hepatic or renal impairment. The capacity of TDM to identify drug interactions and
non-compliance further enhances clinical decision-making. Nevertheless, challenges exist
including the variability in therapeutic ranges for newer AEDs, the influence of active metabolites,
and the timing of sample collection impacting result interpretation. Additionally, cost and
availability of timely TDM services may limit its use in resource-constrained settings. The
evolving field of pharmacogenomics offers opportunities to complement TDM by predicting
individual responses and metabolism before drug initiation. Future directions should focus on
establishing standardized guidelines for TDM of new antiepileptic agents, integrating
pharmacogenetic testing, and utilizing advanced technologies such as point-of-care testing for
real-time drug level assessment. Multidisciplinary collaboration involving neurologists, clinical
pharmacologists, and laboratory specialists is essential to maximize the clinical benefits of TDM.

Conclusion:

Therapeutic drug monitoring is a critical component of optimal antiepileptic drug therapy,
providing valuable guidance for dosing adjustments, adherence assessment, and toxicity
prevention. Its judicious application enhances seizure control and patient safety, particularly for
drugs with complex pharmacokinetics and in special populations. Incorporating TDM into routine
epilepsy management, supported by clinician education and standardized protocols, will improve
therapeutic outcomes. Further research should focus on expanding TDM utility through novel
technologies and integration with personalized medicine approaches. Therapeutic drug monitoring
remains an indispensable tool in optimizing antiepileptic drug therapy by facilitating personalized
treatment regimens that enhance seizure control and reduce adverse events. Its application is vital
across diverse patient populations and complex treatment scenarios including polytherapy and
special physiological states. While well-established for traditional AEDs, ongoing research and
technological advancements are expanding its scope to newer agents and integrating genetic data
to further individualize therapy. Overcoming current limitations through education, accessibility
improvements, and protocol standardization will enhance the incorporation of TDM into routine
epilepsy care, ultimately improving patient outcomes and quality of life.
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