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ABSTRACT

Aims: Epilepsy is a chronic neurological disorder affecting 1-3% of the global population, characterized by recurrent seizures.
Monitoring blood levels of valproic acid and carbamazepine, two commonly used antiepileptic drugs, is essential for effective
seizure control. This study aims to analyze the serum concentrations, demographic characteristics and concomitant drug use of
patients treated with valproic acid or carbamazepine.

Methods: This retrospective study was conducted at Kirklareli Training and Research Hospital, analyzing the medical records
of epilepsy patients treated with valproic acid or carbamazepine. Medical records of 440 epilepsy patients were retrospectively
analyzed. Demographic data, concurrent medication use and blood drug levels were recorded, and rates of achieving therapeutic
levels were compared.

Results: Of the 440 patients, 378 were treated with valproic acid, and 62 with carbamazepine. In the valproic acid group, 62.2%
reached therapeutic levels, with an average concentration of 68.15 pg/ml. In the carbamazepine group, only 27.4% reached
therapeutic levels, with an average of 10.07 ug/ml. A statistically significant difference was found between the two groups.
A significant association was found between drug interaction counts and non-therapeutic levels in the carbamazepine group
(p<0.05).

Conclusion: Valproic acid was more likely to be within the therapeutic serum range. Lower therapeutic levels in carbamazepine-
treated patients, indicate a need for careful monitoring, dose adjustments and consideration of potential drug interactions.
Future studies with larger populations are needed to confirm these findings and support personalized treatment approaches.
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INTRODUCTION

Epilepsy is one of the most long-standing and prevalent
neurological disorders, affecting an estimated 50 million
people worldwide. According to the latest definition by
the International League Against Epilepsy (ILAE) in 2014,
epilepsy is characterized by either two or more unprovoked or
reflex seizures occurring more than 24 hours apart or a single
unprovoked or reflex seizure with a high probability (at least
60%) of further seizures over the next ten years.'

The treatment of epilepsy requires a long-term and
continuous approach. Therapeutic options include medical
therapy, surgical interventions, and ketogenic diets.” Among
antiepileptic drugs (AEDs), phenobarbital, phenytoin,
ethosuximide, carbamazepine, valproicacid, benzodiazepines,
vigabatrin, lamotrigine, topiramate, felbamate, gabapentin,
pregabalin, tiagabine, zonisamide, levetiracetam, and
oxcarbazepine are used. Carbamazepine and valproic acid are
the most used AEDs globally.”” Beyond epilepsy, these two
drugs have various other indications. Valproic acid (VPA)
is FDA-approved for treating complex partial seizures in
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pediatric and adult patients aged ten years and older, as well
as for monotherapy and adjunctive therapy of various seizure
types, including simple and complex absence seizures. It is also
used off-label for bipolar disorder-associated manic episodes,
migraine prophylaxis, status epilepticus, diabetic peripheral
neuropathy, and postherpetic neuralgia.” Carbamazepine is
used for epilepsy, trigeminal neuralgia, and acute manic and
mixed episodes of bipolar disorder; its epilepsy indications
include partial seizures with complex symptomatology
(psychomotor, temporal lobe), generalized tonic seizures
(grand mal), and mixed seizure patterns.’

The mechanisms of action of these drugs vary. Carbamazepine
blocks voltage-dependent sodium channels, while valproic
acid inhibits GABA metabolism, reduces excitatory aspartate
and increases inhibitory glycine. It also affects blocking
voltage-dependent sodium channels and activating calcium-
dependent potassium channels.®” These complex mechanisms
necessitate careful monitoring of blood drug levels to ensure
therapeutic efficacy and safety.

@ G)@@ This work is licensed under a Creative Commons Attribution 4.0 International License.


https://orcid.org/0000-0001-6626-4859
https://orcid.org/0000-0002-6389-4561

] Health Sci Med. 2025;8(5):884-888

Uskur et al. TDM of carbamazepine and valproic acid

The therapeutic efficacy of these drugs can vary depending
on individual differences. Many factors, such as age, sex,
liver and kidney function, genetic variations, pregnancy,
comorbidities, and concomitant medication use, can affect
the pharmacokinetics and serum levels of drugs.*’ Therefore,
monitoring blood levels is not only essential for enhancing
treatment efficacy but also critical for preventing adverse
effects and enabling personalized dose adjustments.*

Extraordinary situations, such as the COVID-19 pandemic,
have further complicated access to healthcare and adherence
to treatment, thereby increasing the importance of therapeutic
drug monitoring.” In this context, understanding the
relationship between serum levels of antiepileptic drugs and
clinical outcomes plays a key role in treatment management.

This study aims to investigate the serum druglevels of epilepsy
patients treated with valproic acid or carbamazepine in the
Emergency Department of Kirklareli Training and Research
Hospital between January 1 and December 31, 2023, and to
examine the relationship of these levels with demographic
characteristics and concomitant drug use.

METHODS

Data Source

Ethical approval for this retrospective study was obtained
from the Kirklareli University Non-interventional Clinical
Researches Ethics Committee (Date: 05.07.2024, Decision No:
04). All procedures were carried out in accordance with the
ethical rules and the principles of the Declaration of Helsinki.

In this study, data were retrospectively obtained from the files
of 440 patients diagnosed with epilepsy who were treated with
valproic acid or carbamazepine and admitted to Kirklareli
Training and Research Hospital’s Emergency Department
within the period from January 1 to December 31, 2023. The
dataset included demographic characteristics such as gender,
age, concurrent medication use and the patients’ drug blood
levels. Eligibility for participation in the study was determined
based on the following criteria: (1) patients clinically
diagnosed with epilepsy, (2) patients treated with valproic
acid or carbamazepine with drug-level monitoring, and (3)
patients over the age of 18 and (4) patients who attended the
emergency department.

Since this was a retrospective study using anonymized patient
data, the requirement for informed consent was waived
by the ethics committee in accordance with national and
institutional ethical guidelines.

No specific consent was obtained from participants as data
analysis was conducted anonymously. The need for informed
consent was disclaimed by the ethics committee due to the
retrospective nature of the study, which involved analysis of
deidentified patient data from medical records.

Valproic Acid and Carbamazepine Determination

The analysis of Valproic Acid and Carbamazepine was
performed using the immunological method on the ROCHE
COBAS C503 device.

The therapeutic blood levels for antiepileptic drugs were
considered to be 8-12 pg/ml for carbamazepine'' and 50-100
pg/ml for valproic acid.”

Based on these threshold values, patients were categorized
into two groups according to their drug levels: therapeutic
and non-therapeutic levels. The non-therapeutic group
included patients with subtherapeutic and supratherapeutic
drug levels.

Drug Interaction Analysis

Drug interaction analyses was conducted using the Drugs.
com database. Drugs used by patients with carbamazepine
or valproic acid in the database were investigated, and a list
containing drug interactions was obtained; these interactions
were classified as minor, moderate, major, or no interaction
based on their severity.

Statistical Analysis

The analysis of the data obtained from the study was performed
using the SPSS version 24 statistical program. The normality
of the distribution of continuous variables was tested using
the Shapiro-Wilk test. Descriptive statistics were used to
describe contin-uous variables [mean (M), standard deviation
(SD), minimum (min), median (med), maximum (max)]. The
comparison of two independent continuous variables that
did not follow a normal distribution was performed using
the Mann-Whitney U test. The relationship between two
continuous variables that did not follow a normal distribution
was analyzed using Spearman’s rho correlation analysis.
Associations between categorical variables were evaluated
using the Chi-square test or, when appropriate, Fisher’s exact
test. A p-value less than 0.05 was considered to indicate
statistical significance.

RESULTS

Among the 440 epilepsy patients treated with carbamazepine
and valproic acid included in our study, 378 were prescribed
valproic acid, and 62 were prescribed carbamazepine.
Regarding gender distribution, 52% (229 patients) were male,
and 48% (211 patients) were female. When analyzing the
gender distribution by medication, it was found that of the
62 patients treated with carbamazepine, 61.3% (38 patients)
were male, and 38.7% (24 patients) were female. Among the
378 patients treated with valproic acid, 50.5% (191 patients)
were male, and 49.5% (187 patients) were female (Table 1).

Table 1. Demographic profile of the participants

Profile Total n (valproic acid) n (carbamazepine)
Male, n (%) 229 191 (50.5%) 38 (61.3%)
Female, n (%) 211 187 (49.5%) 24 (38.7%)
Mean+SD (years) 43.1 45.5 42.7

SD: Standard deviation

The average age of the 440 epilepsy patients included in the
study is 43.1, with those treated with carbamazepine having
an average age of 45.5 and those treated with valproic acid
having an average age of 42.7. No statistically significant
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difference was found in the age distribution between the
medication groups and blood drug levels.

Among the 378 patients treated with valproic acid, 235 had
therapeutic drug blood levels, whereas only 17 out of the
62 patients treated with carbamazepine had therapeutic
drug blood levels. This finding indicates a statistically
significant difference in the rates at which valproic acid and
carbamazepine achieve therapeutic levels (Table 2).

Table 2. Therapeutic blood drug levels in patients using valproic acid and
carbamazepine

Category Valproic acid Carbamazepine P
235 (62.16%) 17 (27.42%)
143 (37.83%) 45 (72.58%)

Therapeutic level <0.001

Non-therapeutic level

There is a statistically significant difference in the rates of therapeutic levels between the drugs

valproic acid and carbamazepine (p<0.001, Fisher’s Exact test).

When considering a therapeutic blood level range for valproic
acid of 50-100 ug/ml, it was found that 235 of the 378 patients
treated with valproic acid had therapeutic drug levels. Among
these patients, 116 were male and 119 were female, with an
average drug blood level of 68.15 pug/ml. Additionally, 132
patients had valproic acid levels below 50 pg/ml, with an
average drug blood level of 35.51 pg/ml. Of these patients, 67
were male and 65 were female. Furthermore, 11 patients had
drug levels above the therapeutic range, with 8 males and 3
females showing an average drug blood level of 152.9 pg/ml
(Table 3).

When considering a therapeutic blood level for carbamazepine
as 8-12 ug/ml, it was found that 17 out of 62 patients treated
with carbamazepine had therapeutic drug blood levels.
Among these patients, 13 were male and 4 were female, with
an average blood drug level of 10.07 mmol/L. It was observed
that 38 patients had carbamazepine levels below 8 ug/ml, with
an average drug level of 5.17 ug/ml. Among the patients whose
carbamazepine blood levels were below the therapeutic range,
21 were male and 17 were female. For 7 patients, including 3
women and 4 men, the carbamazepine blood levels were above
the therapeutic range, with an average drug level of 15.75 ug/
ml (Table 3).

In the carbamazepine group, a statistically significant
relationship was found between the number of drug
interactions and therapeutic drug levels (p=0.0393, Fisher’s
exact test). Patients who did not reach therapeutic levels had
a higher number of total drug interactions compared to those
within the therapeutic range. In contrast, no statistically
significant relationship was observed between drug
interaction counts and therapeutic levels in the valproic acid
group (p=0.1354, Fisher’s exact test).

Additionally, drug-drug interactions with the potential to
alter the serum levels of valproic acid or carbamazepine were
recorded. Among the 62 patients in the carbamazepine group,
16 had potential drug-drug interactions that could influence
serum carbamazepine levels, of whom 11 were female. In the
valproic acid group, 44 out of 378 patients (35 males and 9
females) had potential interactions that could affect valproic
acid levels. The frequency of such interactions was significantly
higher in the carbamazepine group compared to the valproic
acid group (p=0.0048, Fisher’s exact test) (Table 4).

DISCUSSION

Therapeutic drug monitoring (TDM) enhances treatment
efficacy and reduces drug side effects by considering individual
differences. It helps create personalized treatment plans
using modern analytical techniques and pharmacokinetic
principles." " Monitoring blood levels of antiepileptic drugs
(AEDs) is a crucial method in clinical evaluation, particularly
for ensuring effective seizure control, and it has been standard
practice since the introduction of AEDs to the market."”
Factors such as pregnancy, liver and kidney diseases, drug
interactions due to polypharmacy, and ageing can affect the
efficacy of AEDs. Therefore, therapeutic drug monitoring can
assist in dosage adjustments to achieve a seizure-free quality
of life."”

Valproic acid and carbamazepine are among the most
prescribed AEDs globally due to their effectiveness and safety,
and monitoring their blood levels is highly important during
treatment. In this retrospective study, serum concentrations
of valproic acid or carbamazepine and their relationship
with patients’ demographic characteristics and drug-drug
interaction was analyzed in epilepsy patients.

Table 3. Distributions of therapeutic levels of valproic acid and carbamazepine

Drug Valproic acid Carbamazepine

Gender Therapeutic level Below therapeutic level Above therapeutic level Therapeuticlevel Below therapeutic level Above therapeutic level
Male 116 (60.7%) 67 (35%) 8(4.3%) 13 (34.2%) 21 (55.3%) 4(10.5%)
Female 119 (63.6%) 65 (34.7%) 3 (1.7%) 4(16.7%) 17 (70.8%) 3 (12.5%)
p-value 0.317 0.319

There is no statistically significant difference in the distribution of therapeutic carbamazepine levels between men and women (p>0.05, Fisher’s exact test).

Table 4. Association between therapeutic drug levels and potential drug interactions in the carbamazepine and valproic acid groups

Total Patients with interactions
Antiepileptic drug patients (n) potentially affecting drug level (n) interaction group (M/F) (Fisher’s exact test)
Carbamazepine 62 16
Valproic acid 378 44

Sex distribution of

35/9

-value Significant association between interaction

count and therapeutic drug level

5/11 Yes (p=0.0393)

0.0048
No (p=0.1354)

In the carbamazepine group, a higher number of drug interactions was associated with non-therapeutic levels (p=0.0393, Fisher’s Exact test). No significant association was observed in the valproic acid

group (p=0.1354, Fisher’s Exact test). Potential interactions affecting serum levels were more frequent in the carbamazepine group (p=0.0048, Fisher’s Exact test). M/F: Male/female
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The study found that more patients were prescribed valproic
acid than carbamazepine. However, there was no statistically
significant difference in gender and age distribution between
the two drug groups (p>0.05). According to the study results,
there was a statistically significant difference in the rates of
achieving therapeutic levels between valproic acid (62.16%)
and carbamazepine (27.42%), with valproic acid being more
likely to reach therapeutic levels. Contrary to our findings,
a study by Sharma et al.® indicated that 63% of patients
treated with carbamazepine achieved therapeutic drug
levels, compared to 45.99% of those treated with valproic
acid. Another study published in 2020 found that 75.5% of
carbamazepine samples and 54.87% of valproic acid samples
were within the therapeutic range.””'* Previous reports have
suggested valproic acid is poorly controlled."*"” Our findings
align more closely with previously published studies for
valproic acid, in which the majority of patients had drug
levels within the therapeutic range. This consistency may be
partly attributed to the pharmacokinetic characteristics of
valproic acid, which are generally more predictable due to its
lower potential for hepatic enzyme induction.”’ In contrast,
carbamazepine results showed considerable variability,
with a significant proportion of patients presenting with
subtherapeutic or supratherapeutic levels. This discrepancy
may be due to several factors, demographic characteristics
of the patients, including potential patient non-compliance,
sample size differences, and particularly the high rate of drug-
drug interactions associated with carbamazepine, as observed
in our dataset.

One of the key findings of this study was the significant
impact of drug-drug interactions on therapeutic drug
levels, particularly in the carbamazepine group. As reported
in the literature, carbamazepine is known to interact
with approximately 760 drugs, including 240 major, 487
moderate, and 33 minor interactions,”' whereas valproic acid
interacts with significantly fewer compounds. In our study,
patients using carbamazepine who experienced higher rates
of drug interactions were less likely to reach therapeutic
levels (p=0.0393), suggesting that polypharmacy and drug
interactions substantially affect carbamazepine metabolism
and clearance.

Additionally, the frequency of potentially interacting drugs
that could alter blood drug levels was significantly higher
in the carbamazepine group than in the valproic acid group
(p=0.0048). This may further explain the lower proportion
of patients with therapeutic carbamazepine levels. Moreover,
the observation that most of the patients with potential
carbamazepine interactions were female may be related to
the higher prevalence of comorbidities and consequently
increased polypharmacy in women, which could have
contributed to the observed variability in carbamazepine
serum levels (both below and above the therapeutic range)
in this subgroup. In contrast, no statistically significant
association was found between drug interaction count and
valproic acid serum levels (p=0.1354), indicating that valproic
acid may have a more stable pharmacokinetic profile even in
the presence of polypharmacy.”

These findings underscore the importance of routine
therapeutic drug monitoring, especially in patients prescribed
carbamazepine. Regular monitoring of serum carbamazepine
levels allows timely dose adjustments, ensuring patients reach
and maintain therapeutic concentrations. Dose titration
should be individualized based on age, weight, renal and
hepatic function, and other patient-specific factors. Clinicians
should be vigilant in evaluating patients’ concurrent
medications to anticipate possible pharmacokinetic
interactions. Patient education and adherence support are
crucial, emphasizing the importance of taking the medication
consistently and recognizing potential side effects. The
choice of AED, therefore, should take into account not only
the patient’s seizure type and demographics but also their
likelihood of being exposed to interacting drugs. In patients
with polypharmacy or higher interaction risk, considering
alternative medications or adjusting concomitant therapies
can help achieve optimal therapeutic levels. Personalized
treatment approaches that incorporate drug interaction risk
profiles may lead to better seizure control and fewer adverse
outcomes.”’

Limitations

Our study has several limitations due to its retrospective
design. It is possible that not all patients for whom drug
levels were requested could be reached. Additionally, vital
signs monitoring, physical examination findings, clinical
outcomes of patients with non-therapeutic drug levels, seizure
frequency, and adverse events were not recorded; therefore,
the relationship between therapeutic levels and clinical
improvement or deterioration could not be evaluated, and
the findings cannot be directly translated into prescribing
recommendations. Moreover, information regarding patients’
medication use includes only drugs prescribed within the
hospital system where the study was conducted. Medications
obtained from other hospitals, healthcare institutions, or over-
the-counter drugs without prescription were not captured in
our data. The choice of the Drugs.com database for drug-
drug interaction assessment was based on accessibility and
practicality; however, compared to alternative platforms
such as Micromedex or Lexicomp, it may have limitations in
comprehensiveness and classification of interaction severity.
The single-center design may limit the generalizability of
the findings, and regional prescribing patterns could have
influenced both drug selection and attainment of therapeutic
levels. Furthermore, “confounding by indication” should be
considered, as patients prescribed carbamazepine may have
had more refractory epilepsy types, which could influence
serum level outcomes. Despite these limitations, since the data
were obtained from the largest and sole central hospital in the
city, the results may be representative and provide valuable
insights for future studies.

CONCLUSION

This study examined the rates at which valproic acid and
carbamazepine, used in treating epilepsy, reach therapeutic
serum levels, and how these rates relate to patients’
demographic characteristics. We found valproic acid is
more likely to reach therapeutic levels than carbamazepine.
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However, we also observed that demographic differences
among patients treated with carbamazepine and potential
drug interactions may be associated with lower serum levels.
Therefore, careful monitoring and dosage adjustments are
essential, particularly for women who are on carbamazepine
therapy. Future studies should aim to validate these findings in
larger populations and help develop individualized treatment
approaches for antiepileptic drugs.
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