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ABSTRACT

BACKGROUND: Antiepileptic drugs are the cornerstone of treatment in patients with epilepsy.

AIM: to examine the spectrum of antiepileptic drugs across different generations and trends in their use over the 20th and 21st
centuries.

MATERIALS AND METHODS: A retrospective observational cohort study was conducted in 2022—2024. Study population: pa-
tients with a verified diagnosis of epilepsy. Study focus: antiepileptic drug therapy. Patients with a verified diagnosis of epilepsy
were divided into 2 groups: group 1 included patients from the 20th century with epilepsy duration of more than 20 years as of
2020; group 2 included patients from the 21st century with epilepsy duration of less than 20 years. The history of antiepileptic
drugs use was evaluated by generation: first-generation (traditional/older), second-generation (newer), and third-generation
(most recent). The frequency of first-generation antiepileptic drugs use was calculated both as a percentage and as the mean
number of antiepileptic drugs per patient for the 20th and 21st centuries.

RESULTS: The study included 60 patients: group 1 comprised 28 patients and group 2, 32 patients. The mean age and dis-
ease duration in the overall cohort were 31.5+9.3 years and 19.5+9.1 years, respectively; the male-to-female ratio was 1:1.
The mean number of antiepileptic drugs used per patient over time was 5.1+2.3 (range, 2-10). First-generation antiepileptic
drugs were used in 61% of patients in group 1 and 42% in group 2; second-generation in 32% and 46%, respectively; and
third-generation in 7% and 12%, respectively. The mean number of first-generation antiepileptic drugs per patient across the
cohort was 2.2+1.5, with group-specific means of 3.1 in group 1 and 1.3 in group 2. Barbiturates accounted for 24% of pre-
scriptions in group 1 and 5% in group 2; benzodiazepines, for 5% and 0%, respectively; valproates, for 26% in both groups; and
carbamazepine, for 13% and 8%, respectively.

CONCLUSION: An increased use of newer-generation antiepileptic drugs (anticonvulsants) was observed in the 21st century,
with a marked decline in older-generation drugs, primarily due to decreased use of barbiturates and benzodiazepines. Valproic
acid and carbamazepine have maintained their roles in epilepsy management.

Keywords: antiepileptic drugs; barbiturates; benzodiazepines; valproic acid; carbamazepine; third-generation drugs; second-
generation drugs; first-generation drugs; epilepsy.
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,U,MHaMMKa NMPUMEHEHUA aHTHINUNEeNnTUu4YeCKux
npenapartos npu d)apmaxopesucTeHTHoﬁ anunencuu
I.B. OpmHuoBa, H.0. [leHbruna, H.E. MBaHoBa

Poccuickuit Hay4yHo-1ccnes0BaTENbCKUIA HEMPOXUPYPTUYECKMIA UHCTUTYT UM. npodeccopa AJ1. MoneHoBa — ¢dmnuan denepanbHoro rocyAapcTBEHHONO
OI0[XKETHOO YUpEXAEHNS «HaLMoHaNbHbIA MeAVNLMHCKMIA UCCNeLoBaTeNbCKUI LEHTP UM. B.A. AnMa3oBa» MuHMCcTepcTBa 3A4paBoOXpaHeHUs
Poccuiickoit ®epepaumm, r. Cankt-Metepbypr, Poccus

AHHOTALIMA

AxTyanbHocTb. AHTU3NUNENTUYECKME NpenapaTbl ABNSKTCA KPaeyrofbHbIM KaMHEM JIEYEHUS NALMEHTOB C 3NUNencuen.
LUenb — wu3yyeHMe CneKkTpa aHTMINUIENTUYECKUX MpPenapaTtoB Pas3fMyHbIX MOKONEHUA W OWHAMWUKY W3MEHEHMs
B XX u XXI BB.

Matepuanel u MeToabl. PetpocnekTuBHoe HabmogaTenbHoe KOropTHOe UccefoBaHue BbinosHeHo B 2022-2024 rr. 06beKT
MCCNeA0BaHus: NauMeHTbl ¢ anunencueit. lpegMeT UcCnefoBaHUs: aHTUINWIENTUYECKMWe NpenapaTbl. BrioyeHbl nauueHTh
C BEPUOULMPOBaHHbIN AWNarHo30M «3anunencusi» B 2 rpynnax: 1-a — XX B., anmTenbHocTb anunencim bonee 20 net Ha 2020 r;
2-a — XXI B., pautencHocTb MeHee 20 neT. OueHeH aHaMHe3 aHTU3ANUAENTUYECKUX MPenapaTtoB M0 TPeM MOKONEHUAM:
1-e — cTapble ¥ TpaaMLMOHHbIE Npenaparsl; 2-e — HoBbIe; 3-e — HOBeMLLMe npenapatbl. PaccumTaHa yacTota NnpUMeHeHus
AHTM3NWNENTUYECKUX NPENapaToB CTApOro NOKOMEHWS B NMPOLIEHTaX U B CPeHEM Ha 0AHoro nauueHTa B XX u XXI BB.
Pesynbtathl. B uccneposanme BrtoueHo 60 yenosek: 1-5 rpynna — 28 naumentos; 2-a — 32. CpefHuin Bo3pacTt U Anu-
TeNbHOCTb 3abonieBanus B Koropte — 31,53+9,3 u 19,45+9,1 net cooTBETCTBEHHO; COOTHOLLEHUE MK — 1:1. CpeaHee Komm-
YeCTBO aHTU3NMMUNENTUYECKMUX MPenapaToB B aHaMHe3e cocTaBuno 9,1+2,3 (MMHUMYM 2, MaKkcuMyMm 10). AHTanunenTuyeckue
npenapartbl 1-ro nokoneHus B aHamHese B 1-# rpynne coctaBunm 61%, Bo 2-ih — 42; 2-ro — 32 u 46; 3-ro nokoneHus —
7 1 12% cooTBeTCTBEHHO. [pUMEHEHME AHTUINWIENTUYECKUX NpenapaToB 1-ro NOKONEHNUS B KOTOPTe B CPELHEM COCTaBUIO
2,17+1,49 Ha 1 yenoBeka; B 1-i1 rpynne — 3,1, Bo 2-i1 — 1,3. bapbutypatbl coctaBunu 24 u 5%, beHsonuasenuHbl —
51 0, Banbnpoatsl — no 26, kapbamasenuHbl — 13 1 8% COOTBETCTBEHHO.

3akuioyeHmne. HabmogaloTcs pocT NpUMeHEeHNS aHTMANUNENTUYeCKUX (MPOTUBOCYAOPOXKHbIX) MPEnapaToB HOBbLIX MOKONEHNN
B XXI B. 1 CyLLLeCTBEHHOE CHIXEHWE AO0NM NPenapaToB CTapbiX FeHepaLmii MPeMMYLLIECTBEHHO 3a CHET CHIKeHWs bapbutypa-
T0B U beH30amasenuHoB. Banbnpoatbl M KapbamasenuHbl COXpaHSAIOT CBOM No3uumuu B Tepanuu anunencum B XXI B.

KnioueBble cfioBa: aHTU3INUIIENTUYECKUE npenaparbl; 6ap6V|TypaTb|; 69H30D,Ma3eI'IVIHbI; BaNbnpoaThbl; Kap63Ma3EI'IVIH;
HoBeWLmne npenaparbl; npenapaTbl HOBOr0 NOKOJIEHUA; NpenapaTtbl CTAporo NoKoJsieHUA; annnencus.
Kak uutnposatb
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BACKGROUND

Epilepsy remains a pressing issue owing to its wide-
spread prevalence and significant impact on patients,
their families, and society [1]. In 2022, the World Health
Organization adopted a 10-year Intersectoral Global Ac-
tion Plan on Epilepsy and Other Neurological Disorders,
which includes the Epilepsy 90-80-70 cascade target.
This target aims to address gaps in mental and physical
health promotion, prevention, early detection, care, treat-
ment, and rehabilitation and meet the social, economic,
educational, and inclusive needs of people with epilepsy
and their families [2]. Moreover, the study aim to ensure
that 80% of people diagnosed with epilepsy have access
to appropriate, affordable, and safe antiepileptic drugs
(AEDs) by 2031.

As of 2020, 27 AEDs have been approved worldwide,
which are the cornerstone of treatment for patients with
epilepsy [3]. Approximately 70% of patients with epilepsy
achieve seizure control with AEDs. However, approxi-
mately 30% of patients receive multiple therapy without
achieving seizure control and become pharmacoresis-
tant [4]. Epilepsy affects men and women differently.
Epidemiological studies showed that epilepsy is more
common in men [5]. Regarding clinical signs and symp-
toms and complications, including those associated with
the female endocrine profile and reproductive system,
endocrine disorders primarily affect women [6].

AEDs are divided into groups or generations, depend-
ing on the time of their development. First-generation
(old and conventional) AEDs include bromides, barbitu-
rates (phenobarbital, primidone, and benzodiazepines
such as clonazepam, diazepam, and nitrazepam), hydan-
toins (phenytoin), and succinimides (ethosuximide) and
conventional AEDs such as carbamazepine and valproic
acid derivatives. Second-generation (new) AEDs include
lamotrigine, topiramate, felbamate, vigabatrin, gabapen-
tin, tiagabine, oxcarbazepine, and levetiracetam. Third-
generation (novel) AEDs comprise lacosamide, brivar-
acetam, eslicarbazepine, perampanel, rufinamide, and
cenobamate [7]. Twenty-three AEDs with different mech-
anisms of action and effectiveness and safety profiles
have been approved in Russia. Recently, the International
League Against Epilepsy has recommended referring to
AEDs as anticonvulsants because these drugs do not af-
fect underlying epileptogenic processes and are designed
to control seizure symptoms.

Since the 1990s, significant progress has been made
in epilepsy pharmacology, expanding the range of avail-
able AEDs. New and novel drug groups have emerged
and are currently being used to treat patients with epi-
lepsy [8]. The expansion of the AED range during the late
20th and early 21st centuries influenced the widespread
clinical use of older-generation drugs. The choice of AED
depends on the side effects, which are less common with
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newer-generations drugs. The global burden of epilepsy,
dementia, and their combination is expected to increase.
Most AEDs, especially first-generation AEDs, negatively
affect cognitive function. The increased use of second-gen-
eration AEDs may reduce adverse cognitive effects [10].
Drowsiness is a commonly reported adverse effect of
AEDs and is more frequently associated with first-gen-
eration AEDs [11]. Moreover, first-generation AEDs are
a common cause of drug-induced liver injury [12]. AEDs
affect serum sex hormone levels, leading to secondary
endocrine disorders [13]. Reproductive endocrine disor-
ders are significant in epilepsy because they can cause
reproductive dysfunction and worsen seizures [14].
The use of valproic acid and AEDs that induce liver en-
zymes is associated with reproductive disorders. Newer
AEDs do not negatively affect reproductive function; how-
ever, more research is required.

Trends in the use of different generations of AEDs
have not been closely monitored.

Thus, this study aimed to evaluate the different gen-
erations of AEDs and trends in their use throughout the
20th and 21st centuries.

METHODS

Study Design

This retrospective, observational, cohort study was
performed by the Polenov Neurosurgical Institute under
state assignment of the Ministry of Health of the Rus-
sian Federation no. 122011900530-8, Risk Stratification,
Selection of the Optimal Surgical Treatment Strategy, and
Prediction of Outcomes in Patients With Drug-Resistant
Structural Epilepsy, in 2022-2024. Patients diagnosed
with epilepsy were included, and the use of AEDs was
evaluated.

Population

The study included patients with epilepsy that was
diagnosed based on the International League Against
Epilepsy recommendations and Clinical Guidelines for
Epilepsy and Status Epilepticus in Adults and Children
published in Russia in 2022. Antiepileptic history was de-
termined in 60 neurosurgical patients with focal drug-re-
sistant epilepsy at the Department of Neurosurgery No. 2
and the Outpatient Department of the Polenov Neurosur-
gical Institute. The patients were divided in two groups:
group 1: Patients with disease onset in the 20th centu-
ry and a disease duration of more than 20 years as of
2020; group 2: Patients with disease onset in the 21st
century and a disease duration of less than 20 years as
of 2020.

Inclusion Criteria:
+ Male and female patients aged >18 years,
« Diagnosis of drug-resistant epilepsy,
+ Signed informed consent form,
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Non-inclusion Criteria:

+ Patients aged <18 years,
Exclusion Criteria:

+ Refusal of any communicative act, termination of com-
munication, and

+ Generalized epilepsy.

Methods

Demographic and clinical characteristics were investi-
gated. Antiepileptic history was assessed for first-gener-
ation (old and conventional), second-generation (new), and
third-generation AEDs (novel) (according to the National In-
stitute for Health and Care Excellence classification) (Fig. 1).

The mean exposure of older-generation AEDs per pa-
tient was calculated. The groups were compared based
on the range and frequency of use of older-generation
AEDs. Additionally, trends in the use of first-generation
AEDs (barbiturates, benzodiazepines, valproates, and
carbamazepine) were determined.

Ethics Approval

All participants provided written informed consent
prior to the study. The study was approved by the Local
Ethics Committee of the Almazov National Medical Re-
search Centre (protocol no. 2304-22, dated April 18, 2022).
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Statistical Analysis
Descriptive statistics were used (SPSS29.0.10), and
p=0.05 indicated significance.

RESULTS

The study included 60 patients who were divided into
two groups: group 1, 28 patients with disease onset in
the 20th century and a disease duration of more than
20 years; and group 2, 32 patients with disease onset
in the 21st century and a disease duration of less than
20 years.

Demographic Characteristics

The mean age of the patients was 31.53+9.30 years
(range: 18-56). The median age was 31.5 years.
The male-to-female ratio in the cohort was 30:30=1:1
(Table 1).

Ingroup 1(28 patients), the mean age was 31.1+9.9 years,
and the male-to-female ratio was 14:14=1:1. In group 2
(32 patients), the mean age was 31.90+8.99 years,
and the male-to-female ratio was 16:16=1:1.
The majority of the cohort were working-age patients,
particularly women of late reproductive age (30-40 years
old).
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Clinical Characteristics

The mean disease duration was 19.45+9.10 years in the
cohort (range: 3—-36 years), 27.32+4.58 years in group 1
(range: 22-36 years), and 12.6+5.7 years in group 2
(range: 3-20 years). Disease duration negatively corre-
lated with positive responses to the addition of a new
AED and surgical treatment of epilepsy. At the time of
hospital admission, the groups did not show any differ-
ences in the distribution of epilepsy forms, seizure fre-
quency, and seizure types. Patients with temporal lobe
epilepsy predominated in both groups. These patients
experienced polymorphic seizures at least once a month.

Antiepileptic Therapy

The mean number of AEDs used per patient was
5.1£2.3 (range: 2-10). Moreover, the mean use of older-
generation AEDs was 2.17+1.49 in the cohort, 3.1 per
person in group 1, and 1.3 per person in group 2. In the
21st century, older-generation AEDs were used 2.5 times
less frequently per person per group. Analysis of trends
in the use of individual AEDs revealed the following: bar-
biturates, 24% in group 1 and 5% in group 2; benzodia-
zepines, 5% in group 1 and 0% in group 2; valproates,
26% in group 1 and 2% in group 2; and carbamazepines,
13% in group 1 and 8% in group 2 (Fig. 2).

Table 1. Demographic characteristics in the groups and the cohort

Tabnuua 1. [leMorpaduyeckue xapakTepuCTHKM B rpynnax U Koropte
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Analysis of the use of the most common older-gen-
eration AEDs demonstrated a 5-fold decrease in barbitu-
rate and benzodiazepine use and a 1.5-fold decrease in
carbamazepine use. The percentage of valproate use did
not change.

A history of older-generation AED use was reported
by 61% of patients in group 1 and 42% in group 2 and
of new AED use by 32% of patients in group 1 and 46%
in group 2. Moreover, a history of novel-AED use was
reported by 7% of patients in group 1 and 12% in group 2
(Fig. 3).

General trends in AED use included a decrease in the
use of old, conventional AEDs and an increase in the use
of new and novel AEDs. The use of novel AEDs slightly
exceeds the increase in the use of newer-generation
AEDs.

DISCUSSION

Significant changes were noted in the range of AEDs
used in clinical practice over the past two decades.
The use of old AEDs has decreased by 1.5 times, whereas
the use of new and novel AEDs has increased by 1.5 times
and 1.7 times, respectively. However, old AEDs are still
being used. Although barbiturate and benzodiazepine use

Parameter | Group 1 (n=32), years Group 2 (n=28), years Cohort (n=60), years
Age distribution
Mean age 31.1£9.9 31.9+8.99 31.5349.3
« Min 22 19 19
« Max 54 56 56
Sex distribution by groups
Male 14 16 30
Female 14 16 30
30 70
26 26 61 Group 1
25 —2h 60 B Group 2
o 20 N 50 0 4t
= = 40
g b 13 s 2
5 s 30
5 5 : = 12
5 10 7
0 0 0
Barbiturates  Benzodia-  Valproates  Carbamaze- 0ld and New Novel
zepines pines conventional

Fig. 2. Trends in first-generation antiepileptic drug use across
the groups.
Puc. 2. [lunamuka npumenenus A3 1-ro nepsoro nokoneuus
B rpynnax.
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Fig. 3. Trends in antiepileptic drug use by generation across the
groups.

Puc. 3. [luHamuka npumeHenus A3l pasnnuHbiX MOKONEHMM
B rpynnax.
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has significantly decreased, valproate and carbamazepine
use remains high, and the risk of AED-related complica-
tions remains high.

The demographic characteristics of neurosurgical pa-
tients with drug-resistant epilepsy include a young age
(mean: 32 years), which is the period of social activity
and reproductive potential. However, clinical presenta-
tion is characterized by a long duration of the epilepsy
before surgical treatment and a severe disease course.
To date, society has not overcome the perception of sur-
gical treatment for epilepsy as a last resort; thus, the
cohort of patients with focal drug-resistant epilepsy is
relatively homogeneous worldwide [1].

In the 21st century, the range of AEDs has signifi-
cantly expanded. Sex characteristics in the use of indi-
vidual groups of AEDs and their impact on reproductive
potential are actively being studied [16]. In such situ-
ations, valproates are associated with a higher risk of
reproductive endocrine disorders and teratogenesis [13].
Regulatory authorities do not recommend the use of
valproates in women of reproductive age because of an
increased risk of teratogenesis during pregnancy [15].
However, the percentage of valproate use among neuro-
surgical patients did not change owing to the severity of
their epilepsy, which is characterized by a combination
of focal seizures with impaired awareness and bilaterally
synchronous (secondarily generalized) seizures. Old AEDs
are associated with a high percentage of adverse gas-
trointestinal effects [12]. However, new AEDs are linked
to lower incidence of drowsiness as an adverse effect,
and some agents, such as perampanel, improve sleep
characteristics [17]. The lower incidence of cognitive dis-
orders associated with new AEDs is a crucial feature of
pharmacological treatment in recent years [8].

Therefore, the increased use of the latest generation
of AEDs reduces the risk of side effects and improves the
quality of life of patients with epilepsy.

CONCLUSION

The use of new antiepileptic (anticonvulsant) agents
has significantly increased in the 21st century, where-
as the use of older agents has significantly decreased,
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primarily due to decreased use of barbiturates and ben-
zodiazepines. In the 21st century, valproates and car-
bamazepines remain the primary treatments for drug-
resistant epilepsy.

Clinicians should consider changes in the range of
AEDs used with a significant percentage of conventional,
older agents.
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