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This study compares the distribution of seizure types and their associated demographic, clinical, and
electroencephalographic features in Azerbaijani epilepsy patients across two distinct periods: 2005-2009 and 2019-2023. A
retrospective analysis was conducted on two cohorts: 322 patients (2005-2009) and 328 patients (2019-2023). Variables included
seizure type (focal, generalized, unclassified), age, sex, marital status, family history, seizure frequency, etiology, and
electroencephalographic findings. Focal seizures predominated in both cohorts (65.9 % vs. 57.9 %), while generalized seizures
were more common among pediatric patients and those with family history. Structural etiology was strongly associated with focal
seizures; genetic causes predominated in generalized seizures. Electroencephalographic findings showed clear associations with
seizure type. Combination therapy increased over time. While focal seizures remain dominant, changes in genetic diagnosis and
treatment preferences highlight evolving epilepsy care in Azerbaijan. These findings emphasize the need for expanded diagnostic
capacity and access to newer antiepileptic drugs.
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JL.I. Baiipamoga, III.H. MexTieBa

HOPIBHSJIBHUM AHAJII3 TUIIIB ENJIENTUYHUX HATIAIB, iX JEMOIPAGIYHUX,
K/IHIYHHUX TA EJJEKTPOEHIE®AAOTI'PACTYHUX XAPAKTEPHUCTHK
B ABEPBAUJKAHI (2005-2009 VS 2019-2023)

V naHoMy AOCIiKEHHI HOPIBHIOETHCSI PO3IOALT TUITIB HAMAAIB Ta MOB'SI3aHUX 3 HUMHU AeMOrpadiuHuX, KIIHIYHHX Ta
enektpoeHiehanorpadivHuX XapaKTEPUCTUK Y MALIEHTIB 3 CMIJICTICIEr0, SKi MPOKUBAIOTH B A3epOaiiKaHi, POTATOM JBOX Pi3HUX
nepioxis: 2005-2009 Ta 2019-2023. PerpocnekTiBHUI aHaIi3 OyJi0 IpOBEACHO Ha ABOX Koroprax: 322 mamieHTn (2005-2009) Ta
328 mamientis (2019-2023). 3minni BkiItoyanu Tun Hanaais (pokaibHi, FeHepasi3oBaHi, HekiIack}ikoBaHi), Bik, cTaTh, CiMEHHNIT
CTaH, CIMCHHUIT aHAMHE3, YaCTOTY HaMaiB, €TiOJOTiI0, eleKkTpocHIedanorpadiuni qani. DokalbHI HallaJu MepeBaKaIn B 000X
koroprax (65,9 % nporu 57,9 %), Toxi sk reHepani3zoBaHi Hanaay Oy OLTBIN NOIIMPEHi cepex AiTell Ta MaIieHTiB i3 ciMeltHuM
aHamue3oM. EtiosnoriuHa cTpykrypa Oyna TicHO HoB'si3aHa 3 (OKAIBHUMH HalaJIaMu; TeHETHYHI MPUYMHH TepeBakald Npu
reHepati3oBaHuX Hamanax. Enekrpoeniiedanorpadiyni qaHi MOKa3aid YiTKUH 3B'I30K 3 THIIOM HamajiB. KoMOiHOBaHa Teparis
30ipIIyBaiacs 3 IIIMHOM Yacy. Xo4a (hOoKaJbHI Halaqu 3aJUIIAI0TECS JOMIHYIOYMM BUIIOM, 3MiHU B TEHETHYHIN A1arHOCTHUII Ta
mixojax 10 JIKyBaHHs CBiAYaTh MPO EBOJIIOLII0 CHUCTEMH JiKyBaHHs eminerncii B AsepOaiimkani. Lli maHi migxpeciromoTh
HEOOXiZHICT PO3IMIMPEHHS [iarHOCTHYHUX MOXIIMBOCTEH Ta JOCTYILY JI0 HOBHX IPOTHENIICIITHYHHX IPEIapariB.

KurouoBi ciioBa: eminerncis, TN HamafgiB, elekTpoeHnedanorpadis, enexrpoeHunedanorpadis, GokaisHi Cymomu,
reHepaii3oBaHi cygomu, AsepOaiipKaH.

Epilepsy is a chronic neurological disorder defined by an enduring predisposition to generate
unprovoked seizures, with considerable neurobiological, cognitive, psychological, and social consequences
[1, 4]. It affects over 50 million individuals globally, making it one of the most prevalent neurological
diseases worldwide. The World Health Organization recognizes epilepsy as a major public health concern
due to its high burden, especially in low- and middle-income countries (LMICs), where nearly 80 % of the
global epilepsy population resides [2, 3]. In these settings, limited access to diagnostic resources, trained
specialists, and modern antiepileptic drugs (AEDs) often leads to delayed diagnosis and suboptimal
management outcomes.

Seizure type classification plays a central role in the diagnosis, treatment, and prognostication of
epilepsy. The International League Against Epilepsy (ILAE) emphasizes that appropriate classification of
seizures — into focal, generalized, or unknown types — is essential for tailoring pharmacological
interventions and predicting response to therapy [1]. Accurate classification typically relies on a
combination of clinical semiology, patient history, electroencephalographic (EEG) recordings, and
neuroimaging techniques. Among these, EEG remains a cornerstone diagnostic tool, providing insight into
the underlying electrophysiological patterns and helping differentiate between seizure types [5, 13].

While large-scale epidemiological studies from high-income countries have significantly advanced
our understanding of seizure type distributions and associated clinical features, there remains a notable
paucity of comprehensive, longitudinal data from LMICs. Region-specific investigations are critical for
capturing local patterns of epilepsy presentation, etiology, and response to therapy — data that can inform
public health policies and optimize resource allocation [6]. In this regard, Azerbaijan presents a unique
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case study. Despite advancements in neurological services over the past two decades, systematic studies
that examine temporal changes in seizure classification and associated factors are lacking.

The purpose of the study was to assess comparatively the features of seizure types and their
associated demographic, clinical, and electroencephalographic characteristics in Azerbaijani epilepsy
patients across two distinct periods: 2005-2009 and 2019-2023.

Materials and methods. Two retrospective cross-sectional datasets were analysed: Cohort A
(2005-2009) with 322 patients and Cohort B (2019-2023) with 328 patients.

The study population was recruited using a predefined, reproducible selection algorithm applied
uniformly in both cohorts (see inclusion and exclusion criteria). Eligible cases were identified through a
systematic review of institutional medical records during the specified study period.

Inclusion criteria were as follows: a confirmed diagnosis of epilepsy established according to the
International League Against Epilepsy (ILAE) criteria; availability of complete clinical documentation
allowing reliable classification of seizure type; age > 5 years at the time of diagnosis or follow-up; sufficient
follow-up data for seizure characterization.

Exclusion criteria included: acute symptomatic seizures or isolated provoked seizures; insufficient
or ambiguous clinical, electroencephalographic, or neuroimaging data precluding seizure classification;
incomplete datasets.

According to the study's goals, a retrospective comparative analysis of epilepsy seizure types and
their associated demographic, clinical, and electrophysiological features across two distinct periods, 2005—
2009 and 2019-2023, was conducted.

The study was conducted in accordance with the principles of the Declaration of Helsinki (as
amended), the Council for International Organizations of Medical Sciences (CIOMS) International Ethical
Guidelines for Health-related Research Involving Humans, and the standards of Good Clinical Practice
(GCP).

This study used a retrospective design and analyzed previously collected medical records and
clinical data, without direct patient contact or interference with diagnostic or therapeutic procedures. The
study protocol was reviewed and approved by the local (university) ethics committee before data analysis.
Given the retrospective nature of the study and the exclusive use of anonymized archival data, the ethics
committee waived the requirement for obtaining individual written informed consent, in accordance with
accepted international ethical standards.

All data used in the study were fully anonymized, and no personally identifiable information was
included in the analytical database. Patient confidentiality and data protection were ensured throughout
data collection, processing, and analysis. When archival data included information from patients under 18
years of age or from individuals legally recognized as temporarily or permanently incapacitated, the
analysis was performed solely in an aggregated and anonymized manner, precluding any possibility of
patient identification and eliminating the need for additional consent from legal representatives.

We analyzed cohorts of patients from hospitals in Ganja city, Azerbaijan (Ganja United City
Hospital, polyclinics No. 1, 2, 3, and 4 of Ganja United City Hospital) based on a letter from the Azerbaijan
Medical University for permission to conduct research work in the respective institutions (dated May 4,
2021). The seizure type prevalence, age, and gender distribution, familial predisposition) and seek to
identify the features of symptoms and trends were evaluated. In addition, the etiological classifications
based on seizure types according to ILAE criteria (2017) were performed. After diagnosis of the seizure
type, the next step is diagnosis of epilepsy type, including focal epilepsy, generalized epilepsy, combined
generalized and focal epilepsy, and also an unknown epilepsy group. The third level is that of epilepsy
syndrome, where a specific syndromic diagnosis can be made. The 2017 classification incorporates
etiology along each stage, emphasizing the need to consider etiology at each step of diagnosis, as it often
carries significant treatment implications. Etiology is broken into six subgroups: structural (tumor, stroke,
malformation) that directly cause seizures; genetic (results from a direct mutation, even if the specific gene
is unknown); infectious (caused by CNS infections like meningitis, HIV, etc); metabolic (metabolic
disorders); immune (caused by auto-immune disorders); and unknown. The etiology was analyzed
according to information from patients’ medical histories.

Electroencephalographic waves and their abnormalities were also evaluated. Based on the collected
data, we aim to reveal how these variables have evolved and will provide valuable insights for clinicians,
researchers, and health policymakers working to improve epilepsy diagnosis and management in
Azerbaijan and similar LMIC settings.

Descriptive statistics summarized cohort characteristics. Pearson’s Chi-square test assessed
associations between seizure types and categorical variables. A p-value <0.05 was considered statistically
significant.
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Results of the study and their discussion. Focal seizures predominated (65.9 % in Cohort A;
57.9 % in Cohort B), followed by generalized (29.0 % vs. 35.7 %) and unclassified seizures (6.5 % vs.
6.4 %) in our research. Age distribution differed between cohorts, with Cohort A showing a peak incidence
of seizures in the 20-29 age group (22.3 %), while Cohort B exhibited a broader age range, with focal
seizures predominating in adults and generalized seizures more common in children, a statistically
significant difference (p=0.002).

Both cohorts demonstrated a slight predominance of males (55 % in Cohort A and 52.6 % in Cohort
B), with no statistically significant differences in seizure type between genders.

Generalized seizures were more commonly observed in single individuals, accounting for 86.3 %
in Cohort A and 81.2 % in Cohort B, with marital status showing a significant association with seizure type
in Cohort B (p<0.001).

Frequent seizures (>1/month) occurred in 73.3 % of Cohort A. In Cohort B, unclassified seizures
had the highest frequency, with a significant association to seizure type (p<0.001). Frequent seizures
occurring more than once per month were reported in 73.3 % of patients in Cohort A, while in Cohort B,
it was 68.6 % and especially unclassified seizures exhibited the highest frequency, showing a significant
association with seizure type (p<<0.001) (Table 1).

Table 1

Comparative analysis of seizure characteristics between Cohort A and Cohort B

Parameter Cohort A Cohort B
Peak Age Group (years) 20-29 (22.3 %) Broader distribution:

Focal seizures in adults, generalized in children

Gender Distribution Male: 55 % Male: 52.6 %
Marital Status & Generalized Seizures Single: 86.3 % Single: 81.2 %
Frequency of Seizures (>1/month) 733 % 68.6 %
Most Frequent Seizure Type - Unclassified seizures showed the highest frequency

Structural etiology was the predominant cause of focal seizures in both cohorts (44.5 % in Cohort
A and 55.3 % in Cohort B), whereas generalized seizures were primarily attributed to genetic origins
(44.1 % in Cohort A and 60.7 % in Cohort B), and unclassified seizures mainly were associated with
unknown causes, particularly in Cohort B (90.5 %) (Table 2).

Table 2
Etiological and EEG correlations of seizure types in Cohort A and Cohort B
Parameter Cohort A Cohort B

Focal Seizures — Structural Etiology 44.5 % 553 %

Generalized Seizures — Genetic Etiology 44.1 % 60.7 %

Unclassified Seizures — Unknown Etiology — 90.5 %

EEG — Generalized Epileptiform Discharges (in Generalized 71.6 % 42.7%

Seizures)

EEG - Focal Seizures Regional abnormalities, | Regional abnormalities,

normal EEG normal EEG

Generalized epileptiform discharges were predominantly observed in patients with generalized
seizures (71.6 % in Cohort A and 42.7 % in Cohort B), whereas regional abnormalities and normal EEG
findings were more commonly associated with focal seizures.

Epilepsy is the most common neurological disorder in childhood. Accurate diagnosis is crucial; in
older children, epileptic seizures must be differentiated from various paroxysmal non-epileptic events,
while in neonates, most seizures are subclinical (electroencephalographically determined) [5, 12]. This
comparative analysis of seizure types in Azerbaijani epilepsy patients across two timeframes reveals both
consistent patterns and notable shifts in demographic and clinical features. The persistent predominance of
focal seizures in both cohorts aligns with global findings that focal epilepsies represent the most common
type, particularly in populations with higher rates of acquired structural brain damage [1, 7].

According to Chen Z, et al (2023), the incidence of epilepsy varies by age group and has a U-
shaped bimodal distribution, with the highest rates observed in young children and the elderly. In children,
the incidence is typically highest during the first year of life and then gradually declines. Acute seizures
and infantile spasms are common in children with epilepsy and require additional care [2].

In our study, the decrease in focal seizure prevalence from 65.9 % in the 2005-2009 cohort to
57.9 % in the 2019-2023 cohort was accompanied by an increase in generalized seizures (from 29.0 % to
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35.7 %), especially among children and those with a positive family history. This trend may suggest
improved diagnostic recognition of generalized epilepsies, which are more likely to have a genetic origin.
The stronger association between generalized seizures and family history in the recent cohort (p<<0.001)
supports this observation and is consistent with recent literature emphasizing genetic predisposition in
generalized seizure syndromes [3].

Age distribution also shifted notably. While the earlier cohort showed a clear peak in the 20-29
age group, the later cohort demonstrated a broader spread of seizure types across age groups. Notably,
generalized seizures were more common in pediatric populations in the recent cohort, suggesting that
earlier identification and classification of seizures may have improved in recent years. These results are
similar to those reported in the literature [3, 11, 14].

Gender did not appear to significantly influence seizure type in either cohort, though a slight male
predominance was observed. Similarly, the relationship between marital status and seizure type showed
stronger associations in the recent cohort, particularly with single individuals more frequently exhibiting
generalized seizures (p<0.001). This could reflect differences in social support, lifestyle, or earlier age of
onset.

One of the most striking findings was the high seizure frequency among unclassified seizure types
in the recent cohort, with a significant association to seizure category (p<<0.001). This may reflect diagnostic
uncertainty, particularly when EEG findings or clinical semiology are insufficient for precise classification.
Even with interictal EEGs, some seizures remain challenging to classify, emphasizing the need for long-
term EEG monitoring and improved clinical protocols [9, 13, 15].

The etiology data further confirm global trends: focal seizures were structural primarily in origin,
while generalized seizures were increasingly linked to genetic causes. Importantly, a substantial proportion
of unclassified seizures had unknown etiology (90.5 % in Cohort B), underscoring limitations in diagnostic
tools and the need for further investigation.

Our results are consistent with the literature. Thus, in their review article, Gogou M, et al (2022)
outlined the basic concepts of seizures and epilepsy in children, as well as the main principles of treatment
for this age group. The authors emphasized genetic causes, which account for approximately 30 % of cases.
Therefore, the concept of genetic spectra is replacing the recognition of electroclinical syndromes. The
authors' summary of currently available information on epilepsy in children is consistent with our findings
that timely diagnosis and early access to specialized centres and optimal treatment positively impact
prognosis and future neurological development [5].

The author examined cases of children and adults with new-onset seizures, focusing on differential
diagnosis, classification, assessment, and treatment. Since new-onset seizures are common in neurological
practice, occurring in approximately 8—10 % of the population, accurate diagnosis relies on a thorough
history to exclude non-epileptic paroxysmal events. The article summarizes recommendations for
neuroimaging, laboratory, and genetic testing, demonstrating that timely diagnosis and classification of
new-onset seizures and new-onset epilepsy are key to selecting optimal therapy to maximize seizure control
and minimize comorbidities [5].

In the early diagnosis of epilepsy, the role of EEG is crucial. This is a practical electrophysiological
method for assessing paroxysmal states in children, enabling analysis of neuronal maturation and abnormal
excitability of the cerebral cortex [10].

Kaushik JS, et al (2018) emphasized that EEG helps differentiate epileptic and non-epileptic
clinical conditions, as well as focal and generalized seizures. Furthermore, the rational use of EEG is
important for the diagnosis of epilepsy and various types of epileptic syndromes in children, as well as
febrile seizures, first unprovoked seizures, status epilepticus, and unexplained coma [8]. In our work, EEG
findings strongly correlated with seizure type in both cohorts. Generalized discharges were primarily seen
in generalized seizures, while focal seizures more commonly showed regional abnormalities or even
normal EEGs. This reinforces the critical role of EEG in seizure classification while also highlighting its
limitations, particularly in cases of deep or intermittent epileptiform activity [9].

In summary, the analysis reveals evolving trends in seizure distribution, with generalized epilepsies
becoming more frequently recognized in the pediatric population and unclassified seizures pointing to
diagnostic limitations. These results highlight the continued relevance of seizure type as a clinical
cornerstone in understanding epilepsy in Azerbaijan.

Our study has several limitations. The predominance of focal seizures observed in both cohorts of
our study may partly reflect the population structure and referral patterns of the participating centres, which
predominantly manage patients with focal epilepsies. Such referral bias is inherent to hospital-based
cohorts and may limit the generalizability of the findings to the broader epilepsy population. Demographic
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factors, including age distribution, epilepsy etiology, and access to diagnostic modalities, may influence
differences in the proportion of generalized seizures between cohorts. Additionally, the proportion of
unclassified seizures likely reflects real-world diagnostic limitations, particularly in retrospective datasets,
rather than systematic misclassification. These factors should be considered when interpreting the results,
as they may introduce selection bias and affect external validity. However, the use of standardized inclusion
criteria, uniform classification methods, and consistent review procedures across cohorts strengthens the
study's internal validity and supports the reliability of between-group comparisons.

Epilepsy diagnostic criteria in Azerbaijan have consistently been consistent with internationally
recognized protocols and recommendations in this area throughout history. Naturally, certain changes
occurred between 2005 and 2023 (such as ILAE diagnostic criteria), which inevitably impacted the initial
diagnosis. However, due to the retrospective nature of our study, we reviewed medical records in their
entirety and excluded cases where the diagnosis became questionable over time.

Conclusions

1. Focal seizures remained the most prevalent type (44.5 % in Cohort A and 55.3 % in Cohort B),
predominantly linked to structural etiologies, particularly among adults. However, the relative increase in
generalized seizures, particularly among children and patients with a family history of epilepsy, suggests
growing awareness and diagnostic recognition of genetically influenced seizure syndromes.

2. Statistically significant associations (p<0.001) were observed between seizure type and age,
marital status, family history, etiology, seizure frequency, and EEG findings.

3. The consistent presence of unclassified seizures and their strong association with high seizure
frequency and unknown etiology emphasize persistent diagnostic challenges, particularly in the absence of
long-term EEG monitoring or advanced imaging.

The findings underscore the importance of seizure type as a critical variable in both clinical
evaluation and research in epilepsy. Addressing diagnostic gaps — particularly in cases with unclassified
seizures — and expanding EEG capabilities are essential next steps for improving epilepsy care in
Azerbaijan.

References

1. Beghi E. The Epidemiology of Epilepsy. Neuroepidemiology. 2020;54(2):185-191. doi: 10.1159/000503831.

2. Chen Z, Brodie MJ, Ding D, Kwan P. Editorial: Epidemiology of epilepsy and seizures. Front Epidemiol. 2023 Aug
30;3:1273163. doi: 10.3389/fepid.2023.1273163.

3. Epi25 Collaborative. Ultra-Rare Genetic Variation in the Epilepsies: A Whole-Exome Sequencing Study of 17,606 Individuals.
Am J Hum Genet. 2019 Aug 1;105(2):267-282. doi: 10.1016/j.ajhg.2019.05.020.

4. Fine A, Wirrell EC. Seizures in Children. Pediatr Rev. 2020 Jul;41(7):321-347. doi: 10.1542/pir.2019-0134. PMID: 32611798.
5. Gogou M, Cross JH. Seizures and Epilepsy in Childhood. Continuum (Minneap Minn). 2022 Apr 1;28(2):428-456.
doi: 10.1212/CON.0000000000001087.

6. Gong C, Liu A, Lian B, Wu X, Zeng P, Hao C, et al. Prevalence and related factors of epilepsy in children and adolescents with
cerebral palsy: a systematic review and meta-analysis. Front Pediatr. 2023 Jul 28;11:1189648. doi: 10.3389/fped.2023.1189648.
7. Ighodaro ET, Maini K, Arya K, Sharma S. Focal Onset Seizure. 2023 Sep 24. In: StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2025 Jan—. PMID: 29763181.

8. Kaushik JS, Farmania R. Electroencephalography in Pediatric Epilepsy. Indian Pediatr. 2018 Oct 15;55(10):893-901.

9. Khalily MA, Akhtar M, Ali S, Rafique S, Sultan T, Wasim A. Spectrum of Electroencephalography Findings in Newly
Diagnosed Epilepsy. Cureus. 2021 Jun 26;13(6):¢15938. doi: 10.7759/cureus.15938.

10. Lisgaras CP, de la Prida LM, Bertram E, Cunningham M, Henshall D, Liu AA, et al. The role of electroencephalography in
epilepsy research-From seizures to interictal activity and comorbidities. Epilepsia. 2025 May;66(5):1374-1393.
doi: 10.1111/epi.18282.

11. Minardi C, Minacapelli R, Valastro P, Vasile F, Pitino S, Pavone P, et al. Epilepsy in Children: From Diagnosis to Treatment
with Focus on Emergency. J Clin Med. 2019 Jan 2;8(1):39. doi: 10.3390/jcm8010039.

12. Nascimento FA, Friedman D, Peters JM, Bensalem-Owen MK, Cendes F, Rampp S, et al. Focal epilepsies: Update on diagnosis
and classification. Epileptic Disord. 2023 Feb;25(1):1-17. doi: 10.1002/epd2.20045.

13. Tatum WO, Rubboli G, Kaplan PW, Mirsatari SM, Radhakrishnan K, Gloss D, et al. Clinical utility of EEG in diagnosing and
monitoring epilepsy in adults. Clin Neurophysiol. 2018 May;129(5):1056-1082. doi: 10.1016/j.clinph.2018.01.019.

14. Triplet EM, Nickels K, Wong-Kisiel L, Fine A, Wirrell EC. A tale of two cohorts: Differing outcomes in infantile-onset focal
epilepsy. Epilepsia. 2022 Apr;63(4):950-960. doi: 10.1111/epi.17181.

15. Wirrell E. Evaluation of First Seizure and Newly Diagnosed Epilepsy. Continuum (Minneap Minn). 2022 Apr 1;28(2):230-
260. doi: 10.1212/CON.0000000000001074.

Crarrs Hagiiinua 29.11.2024 p.

30



