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Summary

Background: Epilepsy is a prevalent neurological disorder,
and evaluating its treatment strategies is highly significant.
This study aimed to compare the effects of monotherapy
with carbamazepine and levetiracetam on the results of
coagulation tests, including prothrombin time, activated
partial thromboplastin time, fibrinogen, and D-dimer levels,
as well as on seizure control in patients with partial-onset
epilepsy.

Methods: A total of 89 patients diagnosed with POE and
treated at our hospital between January 2023 and January
2024 were enrolled. The patients were divided into the car-
bamazepine group and the levetiracetam group. Blood
coagulation parameters, including prothrombin time, acti-
vated partial thromboplastin time, fibrinogen, and D-dimer
levels, were measured at baseline (before treatment) and
at 1, 3, and 6 months after medication initiation.
Additionally, the frequency and severity of epileptic seizures
were recorded for each group.

Results: In the carbamazepine group, prothrombin time,
activated partial thromboplastin time, and D-dimer levels
were significantly reduced at 1-, 3-, and 6-months post-
treatment compared to pre-treatment levels. Conversely,
these changes were less pronounced in the levetiracetam
group. Fibrinogen levels decreased in both groups after
treatment. The frequency of epileptic seizures was marked-
ly reduced in all patients after treatment. There was no sig-
nificant difference in seizure control rates between the car-
bamazepine and levetiracetam groups.
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Kratak sadrzaj

Uvod: Epilepsija je Cest neuroloski poremecaj, a procena
strategija njenog le¢enja ima veliki zna¢aj. Ova studija
imala je za cilj da uporedi efekte monoterapije karba-
mazepinom i levetiracetamom na rezultate koagulacionih
testova, ukljucujuéi protrombinsko vreme, aktivirano parci-
jalno tromboplastinsko vreme, nivoe fibrinogena i D-di-
mera, kao i na kontrolu napada kod pacijenata sa parcijal-
nim epilepti¢kim napadima.

Metode: U istrazivanje je uklju¢eno ukupno 89 pacijenata
sa dijagnozom parcijalnih epilepti¢nih napada, le¢enih u
nasoj bolnici u periodu od januara 2023. do januara 2024.
godine. Pacijenti su podeljeni u grupu koja je primala kar-
bamazepin i grupu koja je primala levetiracetam. Parametri
koagulacije, ukljucujuéi protrombinsko vreme, aktivirano
parcijalno tromboplastinsko vreme, nivoe fibrinogena i D-
dimera, mereni su na pocetku (pre terapije) i nakon 1, 3 i
6 meseci od zapocdinjanja terapije. Takode su zabelezene
ucestalost i tezina epilepti¢nih napada u svakoj grupi.
Rezultati: U grupi koja je primala karbamazepin, protrom-
binsko vreme, aktivirano parcijalno tromboplastinsko
vreme i nivo D-dimera znadajno su smanjeni nakon 1, 3 i
6 meseci terapije u poredenju sa vrednostima pre terapije.
Nasuprot tome, ovi parametri su pokazali manje izrazene
promene u grupi koja je primala levetiracetam. Nivoi fib-
rinogena su opali u obe grupe nakon terapije. Ucestalost
epilepti¢nih napada se znac¢ajno smanijila kod svih pacijena-
ta posle terapije, bez znacajne razlike u efikasnosti kontrole
napada izmedu grupa koje su primale karbamazepin i leve-
tiracetam.
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Conclusions: Carbamazepine may pose a higher risk of
coagulation abnormalities but demonstrated strong effica-
cy in controlling epileptic seizures. Levetiracetam had a
milder impact on coagulation parameters while offering
comparable effectiveness in seizure management.

Keywords: partial-onset epilepsy, carbamazepine, leve-
tiracetam, coagulation factors, frequency of epileptic
seizures

Introduction

Epilepsy is a prevalent neurological disorder
characterized by recurrent, abnormal electrical activi-
ty in the brain, leading to seizures. Approximately 1—
2% of the global population is affected by epilepsy,
with a substantial number of cases manifesting in
childhood (1-6). Epilepsy is classified into two main
categories: generalized and partial-onset epilepsy
(POE). POE originates from a localized region of the
brain, resulting in focal seizures that may or may not
evolve into generalized seizures (4-9). Various under-
lying conditions, such as brain injuries, congenital
malformations, cerebrovascular diseases, infections,
and neurodegenerative disorders, can trigger the
onset of epilepsy (10-15).

The management of epilepsy predominantly
involves pharmacological treatments, with surgical
options reserved for patients unresponsive to medica-
tion (16). Among the most commonly prescribed
antiepileptic drugs (AEDs) are carbamazepine (CBZ)
and levetiracetam (LEV), both used for managing par-
tial-onset seizures. However, while these drugs are
effective in controlling seizures, their potential impact
on coagulation parameters warrants further investiga-
tion.

Carbamazepine, a first-line treatment for POE,
exerts its anticonvulsant effect by inhibiting voltage-
gated sodium channels, thus preventing abnormal
neuronal firing (17). Additionally, CBZ has been
shown to interact with other ion channels, including
voltage-gated calcium channels, contributing to its
anticonvulsant properties (18). On the other hand,
levetiracetam operates by enhancing the effects of
the neurotransmitter y-aminobutyric acid (GABA),
which plays a crucial role in inhibiting neuronal
excitability and thereby reducing seizure occurrence
(10, 19). While these medications effectively control
seizures, both have been linked to potential changes
in coagulation function.

Coagulation factors are crucial for maintaining
hemostasis, including prothrombin time (PT), activat-
ed partial thromboplastin time (APTT), fibrinogen,
and D-dimer levels. Any alterations in these parame-
ters could predispose patients to bleeding or throm-
botic events, complicating the management of
epilepsy. Several studies have examined the effects of
AEDs on coagulation, revealing that drugs like CBZ

Zakljuéak: Karbamazepin moze da predstavlja vedi rizik za
poremecaje koagulacije, ali je pokazao visoku efikasnost u
kontroli epilepti¢nih napada. Levetiracetam je imao blazi
uticaj na koagulacione parametre, dok je pruzao sli¢nu
efikasnost u upravljanju epilepsijom.

Kljuéne reéi: parcijalni epilepti¢ni napadi, karba-
mazepin, levetiracetam, koagulacioni faktori, ucestalost
epilepti¢nih napada

and LEV may influence coagulation pathways. For
example, CBZ has been associated with thrombocy-
topenia and alterations in platelet function (20), while
LEV has been linked to a reduction in fibrinogen bind-
ing and decreased platelet aggregation (21-23).
These findings underscore the need for closer moni-
toring of coagulation parameters in patients receiving
these drugs (24).

In clinical practice, patients with epilepsy often
undergo routine coagulation tests, especially when
they are prescribed AEDs. Understanding how CBZ
and LEV affect these tests is essential, as they can
influence clinical decisions, including managing
comorbid conditions. Despite their widespread use,
limited research has been conducted on the direct
impact of these two drugs on coagulation parame-
ters, particularly in patients with POE. Previous studies
have shown that medications such as adrenocorti-
cotropic hormone (ACTH) can alter coagulation pro-
files in other pediatric conditions (25). Yet, the effects
of AEDs like CBZ and LEV remain less explored.

The primary aim of this study is to investigate
the effects of monotherapy with CBZ and LEV on
coagulation parameters, specifically PT, APTT, fibrino-
gen, and D-dimer, in patients with partial-onset
epilepsy. Additionally, the study will examine the rela-
tionship between these coagulation changes and
seizure control, providing valuable insights for clinical
management. Given that both drugs are commonly
prescribed for POE, understanding their impact on
coagulation tests is crucial for optimizing patient care
and minimizing potential risks (26).

This study also aims to provide further evidence
on the safety and efficacy of CBZ and LEV in treating
epilepsy while considering their effects on blood
coagulation. By comparing these two AEDs regarding
their influence on coagulation tests, we hope to offer
clinicians helpful guidance for selecting the most
appropriate treatment for patients with POE.
Ultimately, the goal is to enhance patient outcomes
by providing a comprehensive understanding of the
potential risks and benefits of these drugs in coagula-
tion and seizure control (27, 28).

While carbamazepine and levetiracetam are
both effective in controlling epileptic seizures, their
impact on coagulation parameters needs to be care-
fully considered. Alterations in PT, APTT, fibrinogen,
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and D-dimer levels could potentially complicate the
management of epilepsy in certain patients.
Therefore, this study seeks to fill a critical gap in the
literature by evaluating the effects of these AEDs on
coagulation, ultimately supporting informed decision-
making in the treatment of partial-onset epilepsy.

Materials and Methods
Research objects

In this work, 88 patients with POE diagnosed
and treated at our institution from January 2023 to
January 2024 were enrolled and assigned into two
groups using a random number table method: the
CBZ group and the LEV group, with 44 patients in
each.

Patients enrolled had to satisfy the following
conditions: patients met the latest classification crite-
ria of the International League Against Epilepsy
(ILAE); patients aged 16 years and above; patients
who had been taking antiepileptic drugs for the past
two weeks; patients with a frequency of epileptic
seizures greater than 1 time per month; and patients
who provided informed consent.

Patients with any of the following conditions had
to be excluded: patients with a history of substance
abuse; patients with refractory epilepsy; patients with
organ dysfunction; patients with neurological disor-
ders preventing them from expressing their thoughts;
pregnant patients; and patients resistant to the study
medication used in this research.

The study received approval from our institu-
tion’s ethics committee, and patients consented to
sign informed consent forms.

Treatment programs and dosage arrangement

Patients in the CBZ group were administered
CBZ tablets (SFDA Approval Number: H23021196,
Manufacturer: Harbin Pharmaceutical Group
Pharmaceutical Factory, Specification: 0.1 g). The
initial dosage was set at 0.1 g per dose once daily.
After 7 days, the dosage was increased to 0.2 g per
dose three times daily. Adjusting the dosage every 7
days based on individual patient conditions and main-
taining it below 0.4 g per dose was recommended.
The total treatment duration was 6 months.

Patients in the LEV group were administered
LEV tablets (State Food and Drug Administration
(SFDA) Approval Number: H20223193, Manufac-
turer: Yangtze River Pharmaceutical Group Nanjing
Hanling Pharmaceutical Co., Ltd., Specification: 0.5
g). The initial dosage was set at 10 mg per kilogram
per day, taken twice daily. After 14 days, the dosage
was increased to 15 mg per kilogram daily, also taken
twice daily. It was recommended to increase the

dosage by 5 mg per kilogram daily every 14 days, and
maintain it at or below 35 mg per kilogram daily. The
total treatment duration was 6 months.

Observation parameters

After patient enrollment, fasting venous blood
samples of 6 mL were collected from each patient at
baseline and 1, 3, and 6 months after the com-
mencement of medication. Blood was drawn into
3.2% sodium citrate tubes (e.g., BD Vacutainer, 3.2%
sodium citrate, 5 mL volume) to prevent coagulation.
The samples were then aliquoted into 1 mL
Eppendorf tubes and stored at -80°C for later analy-
sis.

For coagulation tests, the following parameters
were assessed: Prothrombin Time (PT), Activated
Partial Thromboplastin Time (APTT), Fibrinogen, and
D-Dimer. The specific analytical methods and
reagents used are outlined below:

1. Prothrombin Time (PT)
Reagent: Innovin® Thromboplastin Reagent
Manufacturer: Siemens Healthineers

Measurement Unit: Seconds (s) and Inter-
national Normalized Ratio (INR)

2. Activated Partial Thromboplastin Time
(APTT)

Reagent: Actin® FS

Manufacturer: Siemens Healthineers

Measurement Unit: Seconds (s)

3. Fibrinogen

Reagent: Clauss Method Reagent
Manufacturer: Instrumentation Laboratory (IL)
Measurement Unit: mg/dL or g/L

4. D-Dimer

Reagent: D-Dimer ELISA Kit
Manufacturer: BioVendor
Measurement Unit: ng/mL

In addition to coagulation testing, patients were
evaluated for depressive symptoms each month
before and after medication using the Hamilton
Anxiety Scale (HAMA) and the Hamilton Depression
Rating Scale (HAMD) (29). Cognitive function was
assessed using the Chinese Revised Wechsler Adult
Intelligence Scale (WAIS-RC), which measures intelli-
gence across various domains such as knowledge,
computational ability, comprehension, numerical
breadth, and picture arrangement (24).

The accuracy of the electroencephalogram
(EEG) results was compared with the frequency of
epileptiform discharges. Discharge frequency was
categorized based on the following diagnostic criteria:
no change (no observable difference in epileptiform
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discharges compared to before treatment), practical
(discharges reduced by less than 50%), remarkably
effective (discharges reduced by more than 50%),
and restored to normal (discharges disappeared).

Detection methods of coagulation parameters in
the blood

Patients’ PT, APTT, and D-D were measured
using the CX-9000 fully automated coagulation ana-
lyzer (Mindray Bio-Medical), while FIB levels were
determined using the von-Clauss method.

Assessment method for frequency and severity
of epileptic seizures

The treatment effects were compared 1, 3, and
6 months after medication administration. Diagnostic
criteria were as follows: Significant control was
defined as a reduction of 70% or more in the frequen-
cy of epileptic seizures, accompanied by significant
alleviation of symptoms. Partial control was character-
ized by a reduction of 30% or more in the frequency
of epileptic seizures, with mild alleviation of symp-
toms. Ineffectiveness was denoted by no change in
symptoms and a decrease in epileptic seizure fre-
quency of less than 30%.

Statistical analysis

Clinical data of patients were organized and
processed using SPSS 26.0. The number of individu-
als or cases was expressed as percentages (%), and
the chi-squared ( [) test was employed for compar-
isons. Results were presented as mean =+ standard
deviation for data that followed a normal distribution,
with the t-test used for comparisons. The median and
interquartile range (IQR) were used for the presenta-
tion of data that did not follow a normal distribution.
Statistical significance was considered when P<0.05.

Table | Baseline characteristics.

Results
Demographic and baseline characteristics

The study included 88 patients with partial-
onset epilepsy (POE), randomly assigned to the car-
bamazepine (CBZ) group (n=44) and the levetirac-
etam (LEV) group (n=44). The median age of
patients in the CBZ group was 37 years (range: 28—
45 vyears), and in the LEV group, it was 38 years
(range: 30-46 years). The median duration of illness
(DOI) was 4 years (range: 3-6 years) in both groups.
No statistically significant differences were observed
in sex distribution, types of epilepsy (e.g., genetic,
post-stroke, infectious), or other baseline clinical
characteristics between the two groups (p>0.05).
These similarities ensured a well-matched population
for comparative analysis.

Changes in coagulation parameters

Table | summarizes the changes in coagulation
parameters, including prothrombin time (PT), activat-
ed partial thromboplastin time (APTT), fibrinogen
(FIB), and D-dimer levels, before and after treatment.

* CBZ Group: Significant reductions in PT, APTT,
and D-dimer levels were observed at 1, 3, and 6
months after treatment compared to baseline
(p<0.05 for all). These results suggest that CBZ
monotherapy has a marked impact on coagula-
tion function, potentially increasing the risk of
coagulation-related abnormalities over time.

* LEV Group: In contrast, there were no statisti-
cally significant changes in PT, APTT, or D-
dimer levels at any time point compared to
baseline (p>0.05), indicating a minimal effect
on coagulation function.

* FIB Levels: A significant reduction in FIB levels
was noted in both groups at 1-, 3-, and 6
months post-treatment compared to baseline
(p<0.05). However, the magnitude of reduction
was comparable between the CBZ and LEV
groups, with no significant differences observed
at any time point (p>0.05).

Group Normal RZ?:;E?E ly Effective Ineffective TER Ier;:i:lr:;sh‘e(;:lr ::e(?i lsjce; acl}/g ce)i
CBZ group 9 17 10 8 36(81.81%) 6(13.63%)

LEV group 13 16 11 4 40(90.90%)* 2(4.54%)*

12 7.395 2.843

P <0.05 <0.05

Note: * indicated an obvious difference with P<0.05 between the conditions in various groups.
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These findings highlight the differential impact
of CBZ and LEV on coagulation parameters, with
CBZ showing more pronounced effects.

Psychological and cognitive assessments

*  HAMA Scores: Patients in the LEV group expe-
rienced a significant increase in Hamilton
Anxiety Scale (HAMA) scores during the first two
months of treatment (p<0.05), likely reflecting
an initial exacerbation of anxiety symptoms.
However, these scores gradually returned to
baseline levels by the third month. The CBZ
group showed no significant changes in HAMA
scores throughout the treatment period
(p>0.05). Between-group comparisons indicat-
ed significantly higher HAMA scores in the LEV
group during the first two months of treatment
(p<0.05).

e HAMD Scores: Both groups exhibited slight
fluctuations in Hamilton Depression Rating
Scale (HAMD) scores, with no significant differ-
ences observed compared to baseline or
between the two groups (p>0.05). These
results suggest that neither CBZ nor LEV had a
substantial impact on depressive symptoms
throughout treatment.

*  Cognitive Function: Cognitive performance, as
assessed by the Wechsler Adult Intelligence
Scale-Revised (WAIS-RC), showed significant
improvement in both groups at 6 months post-
treatment compared to baseline (p<0.05). The
observed increases in WAIS-RC scores suggest
that CBZ and LEV contributed to enhanced cog-
nitive function. However, the two groups had no
significant differences in cognitive outcomes
(p>0.05).

Seizure control and EEG findings

e Seizure Frequency: Significant seizure control,
defined as a reduction of 70% in seizure fre-
quency, was achieved in 52.27% of patients in
the CBZ group and 59.09% of patients in the
LEV group. Partial control (reduction of 30-
69%) was achieved in 38.63% of CBZ-treated
patients and 34.09% of LEV-treated patients.
Only a small percentage of patients in both
groups showed no improvement in seizure fre-
quency (CBZ: 9.09%, LEV: 6.82%). The overall
seizure control rates (CBZ: 90.90%, LEV:
93.18%) were comparable between the groups
(p>0.05).

* EEG Results: EEG analysis revealed a higher
total effective rate (TER) of improvement in the
LEV group (90.90%) compared to the CBZ
group (81.81%, p<0.05). Additionally, the fre-

quency of epileptiform discharges increased in
13.63% of patients in the CBZ group, which was
significantly higher than the 4.54% observed in
the LEV group (p<0.05). These findings indi-
cate that while both drugs were effective in con-
trolling seizures, LEV may have a more
favourable impact on EEG outcomes.

The results demonstrate that CBZ and LEV are
both effective in reducing seizure frequency and
improving cognitive function in patients with POE.
However, CBZ treatment was associated with signifi-
cant alterations in coagulation parameters, particular-
ly reductions in PT, APTT, and D-dimer levels, which
may have clinical implications for long-term use. In
contrast, LEV had minimal effects on coagulation but
showed better tolerability in terms of anxiety-related
side effects and EEG improvements. These findings
underscore the importance of individualized treat-
ment selection based on patient-specific risks and
therapeutic goals.

Discussion

This study investigated the effects of carbama-
zepine (CBZ) and levetiracetam (LEV) monotherapy
on coagulation parameters in patients with partial-
onset epilepsy (POE). Our findings highlight signi-
ficant differences in the impact of these antiepileptic
drugs (AEDs) on coagulation tests, contributing to
understanding their broader clinical implications.

The results showed that CBZ treatment was
associated with a significant reduction in prothrombin
time (PT), activated partial thromboplastin time
(APTT), and D-dimer levels over 6 months, suggest-
ing that CBZ may alter coagulation pathways and
increase the risk of coagulation-related abnormalities.
These findings are consistent with previous studies
that have reported CBZ’s influence on coagulation
factors, such as its association with thrombocytopenia
and alterations in platelet function (2). Additionally,
CBZ's effects on PT and APTT levels have been
linked to its induction of hepatic enzymes, which
accelerate the metabolism of vitamin K-dependent
clotting factors (4).

In contrast, LEV showed minimal effects on PT,
APTT, and D-dimer levels, indicating a safer coagula-
tion function profile. However, FIB levels decreased
significantly in both the CBZ and LEV groups, which
may reflect a common underlying mechanism in
antiepileptic drug action that warrants further investi-
gation. These results align with prior research sug-
gesting that LEV has a limited impact on coagulation,
with its primary adverse hematologic effects being
mild and infrequent, such as leukopenia (18).

The observed differences between CBZ and LEV
in their impact on coagulation may be explained by
their distinct mechanisms of action. CBZ is a potent
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inducer of cytochrome P450 enzymes, which can dis-
rupt normal coagulation processes, whereas LEV's
pharmacodynamic effects are more localized to
synaptic vesicle glycoprotein 2A (SV2A), resulting in
minimal systemic metabolic interactions (27).

The significant alterations in coagulation param-
eters observed with CBZ treatment underscore the
need for regular monitoring of coagulation function
in patients receiving this drug, particularly those at

Figure 3 Changes in HAMA scores of patients before and
after administration.

Note: * suggested a great difference with P<0.05 between the
pre-treatment and post-treatment levels, and # indicated an obvi-
ous difference with P<0.05 between the levels in various groups.

risk for bleeding or thrombotic events. In clinical prac-
tice, this could involve periodic PT and APTT testing,
along with careful consideration of alternative treat-
ments such as LEV for patients with pre-existing coag-
ulopathy or a history of thromboembolic disorders.

While FIB reductions were noted in both groups,
the clinical relevance of this finding remains unclear.
It may require further exploration in larger cohorts to
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determine its implications for bleeding or thrombotic
risks in epilepsy patients.

CBZ and LEV demonstrated comparable effica-
cy in controlling seizure frequency, with no significant
differences in the proportion of patients achieving sig-
nificant or partial seizure control. These findings are
consistent with previous studies highlighting the
effectiveness of CBZ and LEV in managing partial-
onset epilepsy (9). However, EEG analysis revealed
that LEV had a higher total effective rate (TER) and a
lower frequency of epileptiform discharges, suggest-
ing a more favourable neurophysiological impact.

Regarding cognitive function, both drugs signif-
icantly improved WAIS-RC scores, which may reflect
better seizure control and reduced seizure burden
over time. Notably, LEV demonstrated better tolerabil-
ity concerning anxiety-related side effects, as HAMA
scores in the CBZ group remained stable while the
LEV group experienced an initial increase followed by
normalization. These results suggest that LEV may be
a preferable option for patients with pre-existing psy-
chological comorbidities (29, 30).

This study has several limitations. First, the sam-
ple size was relatively small, which may limit the gen-
eralizability of the findings. Second, the study was
conducted over 6 months, and the longer-term
effects of CBZ and LEV on coagulation and other
parameters remain unclear. Third, while we com-
pared our results with existing literature, the hetero-
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