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Serum Sodium and Inflammatory Hematologic Indices as Predictors of Febrile Seizure Subtypes among Children in Southern Coastal Region Government Medical College Hospital, India


ABSTRACT

Background: Febrile seizures (FS) are the most common neurological disorder in children and continue to cause worry for parents and caregivers. Clinical and lab assessments are important for identifying risk factors and guiding treatment.

Objective: To evaluate the demographic, clinical, and lab characteristics of pediatric patients with febrile seizures, focusing on serum sodium and blood parameters.

Methods: We conducted a prospective observational study in the Pediatric Inpatient Department of Government Medical College Hospital, Nagapattinam, from April to September 2024. We enrolled 250 pediatric patients aged 6 months to 12 years who presented with febrile seizures. We documented and statistically analyzed demographic features, clinical symptoms, birth history, family history, and lab tests (Hb, MCV, MCH, WBC, NLR, PLR, and serum sodium).

Results: Among the 250 children, 162 (65%) were male and 88 (35%) female, with the highest occurrence between ages 1.5 and 2 years (28%). Simple febrile seizures were the most common (72%), followed by atypical seizures (14%), generalized tonic-clonic seizures (9%), and status epilepticus (5%). Fever (98%) and acute
gastroenteritis (32%) were the leading causes. Anemia was found in 45% of the cases, with microcytic hypochromic changes (low Hb, MCV, and MCH). An elevated NLR was significantly linked to atypical seizures, while a reduced PLR was noted in simple seizures. Serum sodium abnormalities were found in 31% of patients (hyponatremia in 29%, hypernatremia in 2%), while 69% had normal sodium levels.

Conclusion: This study confirms that febrile seizures are more common in boys and toddlers, with simple febrile seizures being the most frequent type. Hyponatremia and anemia were identified as major risk factors, and the NLR and PLR indices were useful for distinguishing seizure subtypes. We recommend routine evaluation of blood and electrolyte levels in patients with febrile seizures to allow for early risk identification and improved management.
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INTRODUCTION

Febrile seizures (FS) are the most common type of seizures in children. They usually happen between the ages of 6 months and 5 years. FS occur alongside a fever and do not involve an underlying central nervous system infection, metabolic issues, or a history of seizures without fever. These seizures often start generally, last a short time, and resolve on their own. They account for nearly 20 to 30% of pediatric seizure admissions in hospitals around the world.

[bookmark: _GoBack]Epidemiological studies show that FS occurs in about 2% to 5% of children in Western populations. However, the incidence is much higher in Asia and developing countries, reaching between 7% and 10%. The peak incidence happens between 18 and 24 months, with most studies showing a higher rate in boys. While FS is generally harmless, they can increase the risk of recurrent seizures in some children and, in rare cases, lead to epilepsy (Nascimento et al., 2024). The impact of FS goes beyond physical symptoms, causing psychological stress for parents and caregivers. This often results in multiple hospital visits and unnecessary tests (Wu et al., 2021).

The causes of FS are varied. Genetic factors play an important role, with a positive family history in up to 30% to 40% of affected children. Common childhood infections, such as upper respiratory tract infections, ear infections, pneumonia, and gastroenteritis, often trigger fever. Perinatal factors, like low birth weight, cesarean delivery, and restricted growth in the womb, are also linked to increased risk. Cases of FS after vaccinations, especially after the measles-mumps-rubella and influenza vaccines, have been documented.

Laboratory tests can shed light on the causes of FS. Disturbances in electrolytes, especially low sodium levels, may lower seizure thresholds and raise the chance of recurrences. Iron deficiency anemia is another significant risk factor. Studies show that low hemoglobin, mean corpuscular volume (MCV), and mean corpuscular hemoglobin (MCH) relate to the occurrence of seizures. Recent research indicates that inflammatory markers like the neutrophil-to-lymphocyte ratio (NLR) and platelet-to- lymphocyte ratio (PLR) may help distinguish between simple and complex febrile seizures. These simple, low-cost measures can be beneficial in clinical settings.

Despite extensive global research, there is a lack of specific data for India, especially in rural and semi-urban areas. The epidemiological, clinical, and laboratory characteristics of febrile seizures may differ greatly depending on location, socioeconomic status, nutrition, and healthcare access. Understanding these regional differences is vital for improving prevention strategies, optimizing treatment methods, and effectively advising caregivers.

This prospective observational study was conducted at a tertiary care teaching hospital in Southern India. It aimed to explore the demographic distribution, clinical features, and laboratory results of 250 pediatric patients with febrile seizures. The study focused on serum sodium levels and blood indices to help identify possible predictors of seizure recurrence and severity. The results are intended to enhance clinical practice and add to the current knowledge of febrile seizures in the Indian pediatric population.

MATERIALS AND METHODS
Study Design and Setting
This was a prospective observational hospital-based study conducted in the Pediatric Inpatient Department of Government Medical College Hospital, Nagapattinam, Tamil Nadu, a tertiary care teaching hospital serving a predominantly rural and semi-urban population. The study was carried out over a six-month period from April 2024 to September 2024. 
Study Population
A total of 250 children aged between 6 months and 12 years who were admitted with febrile seizures during the study period were enrolled consecutively. Febrile seizure was defined as a seizure occurring in association with fever (temperature ≥38°C) in children without evidence of central nervous system infection, metabolic derangement, or prior afebrile seizures.
Inclusion Criteria
Children aged 6 months to 12 years
Presence of fever-associated seizures
First episode or recurrent febrile seizure
Informed consent obtained from parents or guardians
Exclusion Criteria
Children aged >12 years
Evidence of central nervous system infections (meningitis, encephalitis)
Known cases of epilepsy or afebrile seizures
Seizures due to metabolic abnormalities, structural brain lesions, or trauma
Data Collection
A structured proforma was used to collect data, which included:
Demographic details (age, sex)
Perinatal history (birth weight, mode of delivery, birth order)
Clinical history (duration of fever, type and duration of seizure, prior history of seizures, family history of seizures)
Clinical examination findings, including body temperature and associated symptoms such as vomiting, cough, diarrhea, and altered sensorium
Seizures were classified into simple febrile seizures, atypical/complex febrile seizures, febrile status epilepticus, and generalized tonic-clonic seizures, based on standard clinical criteria.
Laboratory Investigations
Blood samples were collected at the time of admission under aseptic precautions. The following laboratory parameters were analyzed:
Complete blood count (CBC) including hemoglobin (Hb), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), total white blood cell count, and platelet count
Inflammatory indices, namely neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR), calculated from differential counts
Serum sodium levels, measured using standard automated biochemical analyzers
Anemia was categorized based on hemoglobin levels, and serum sodium levels were classified as normal, hyponatremia, or hypernatremia according to standard pediatric reference ranges.
Statistical Analysis
All collected data were entered into Microsoft Excel and analyzed using appropriate statistical software. Descriptive statistics such as frequency, percentage, mean, and standard deviation were used to summarize data. Associations between laboratory parameters and seizure subtypes were evaluated where applicable. A p-value <0.05 was considered statistically significant.

RESULT

Table - 1. Gender-wise Distribution (n=250)

	Gender
	Frequency
	Percentage (%)

	Male
	165
	66.0

	Female
	85
	34.0

	Total
	250
	100.0



The study population included more male children, making up 66% of the sample. Females accounted for 34%. This gender distribution results in a male-to-female ratio of about 2:1, consistent with findings that febrile seizures are somewhat more common in boys (Table-1).

Table - 2. Age-wise Distribution (n=250)

	Age Group (Years)
	Frequency
	Percentage (%)

	0.5-1.0
	50
	20.0

	1.5-2.0
	73
	29.2

	2.5-3.0
	36
	14.4

	3.5-4.0
	29
	11.6

	4.5-5.0
	14
	5.6

	5.5-6.0
	12
	4.8

	6.5-7.0
	12
	4.8

	7.5-12.0
	24
	9.6

	Total
	250
	100.0



Children aged 1.5–2 years formed the largest age group at 29.2%, followed by those aged 0.5–1 year at 20%. The smallest numbers were in the 5.5–6 years and 6.5–7 years groups, each with 4.8%. This distribution reflects the known patterns of febrile seizures, most common between 6 months and 5 years, peaking around 18–24 months (Table-2).

Table - 3. Birth Order-wise Distribution (n=250)

	Birth Order
	Frequency
	Percentage (%)

	First Child
	143
	57.2

	Second Child
	90
	36.0

	Third Child
	15
	6.0

	Fourth Child
	2
	0.8

	Total
	250
	100.0



Over half of the children were first-born at 57.2%, followed by 36% who were second-born. The numbers for third- and fourth-born children were much lower, at 6% and 0.8%, respectively. This suggests first-born children may be slightly more represented in hospital studies, but no direct link to febrile seizures is established (Table-3).
Table - 4. Birth Weight Distribution (n=250)

	Birth Weight (kg)
	Frequency
	Percentage (%)

	0.5-1.0
	2
	0.8

	1.1-2.0
	21
	8.4

	2.1-3.0
	170
	68.0

	3.1-4.0
	57
	22.8

	Total
	250
	100.0



Most children, 68%, had a birth weight in the normal range of 2.1–3.0 kg. Only 0.8% were extremely low birth weight (less than 1.0 kg). Low birth weight (less than 2.0 kg) was found in 9.2% of the population. This shows that most cases of febrile seizures occurred in children with normal birth weights, similar to the general pediatric population (Table-4).

Table - 5. History of Convulsive Fever (n=250)

	History
	Frequency
	Percentage (%)

	Yes
	75
	30.0

	No
	175
	70.0

	Total
	250
	100.0



About 30% of children had a history of convulsive fever, representing a group at potential risk for recurrence. The majority, 70%, had no prior history, suggesting that most cases were first episodes of febrile seizure (Table-5).

Table - 6. History of Seizure (n=250)

	History
	Frequency
	Percentage (%)

	Yes
	65
	26.0

	No
	185
	74.0

	Total
	250
	100.0



A history of seizures was noted in 26% of children, which may indicate a recurring pattern or a tendency for seizures. These children could be at a higher risk for unusual seizure types (Table-6).
Table - 7. Family History of Seizure (n=250)

	History
	Frequency
	Percentage (%)

	Yes
	75
	30.0

	No
	175
	70.0

	Total
	250
	100.0


A positive family history of seizures was present in 30% of children, suggesting a possible genetic link. This matches research that shows a family trend in febrile seizures (Table-7).

Table - 8. Delivery History (n=250)

	Mode Of Delivery
	Frequency
	Percentage (%)

	Cesarean
	130
	52.0

	Normal vaginal delivery
	120
	48.0

	Total
	250
	100.0


Cesarean deliveries made up 52% of cases, slightly more than normal vaginal deliveries at 48%. While the method of delivery is not a main risk factor for febrile seizures, noting this history gives a fuller demographic picture (Table-8).

Table - 9. Seizure Duration (n=250)

	Duration (Minutes)
	Frequency
	Percentage (%)

	0.5-1
	27
	10.8

	2-3
	68
	27.2

	4-5
	57
	22.8

	6-7
	5
	2.0

	10-15
	43
	17.2

	20-30
	50
	20.0

	Total
	250
	100.0



Seizure duration ranged from less than 1 minute to 30 minutes. Most seizures were brief, typically lasting 2–3 minutes (27.2%) or 4–5 minutes (22.8%), which aligns with standard simple febrile seizures. Prolonged seizures (longer than 10 minutes) occurred in 37.2% of children, suggesting possible atypical seizure patterns or risk for status epileptic's (Table-9).
Table - 10. Body Temperature Distribution (n=250)

	Temperature (°F)
	Frequency
	Percentage (%)

	94-100
	83
	33.2

	100.1-105
	160
	64.0

	106-108
	7
	2.8



	Total
	250
	100.0



Most children (64%) had a moderate fever between 100.1–105°F, typical for febrile seizures. Only 2.8% had a high-grade fever (over 106°F). This shows that febrile seizures generally happen with moderate fever rather than extreme hyperpyrexia (Table-10).

Table - 11. Fever Distribution (n=250)

	Fever
	Frequency
	Percentage (%)

	Yes
	248
	99.2

	No
	2
	0.8

	Total
	250
	100.0



Almost all children (99.2%) had a fever, confirming the strong link between febrile seizures and increased body temperature. Only 0.8% lacked fever at evaluation, which may indicate post-ictal cooling or unusual presentations (Table-11).

Table - 12. Infection Distribution (n=250)

	Infection Type
	Frequency
	Percentage (%)

	Pneumonia
	5
	22.0

	Acute Gasroenteritis
	8
	34.0

	Submandibular Infection
	3
	11.0

	Bronchiolitis
	8
	33.0

	Total
	24
	100.0



Among the children with infections, the most common were acute gastroenteritis (34%) and bronchiolitis (33%), followed by pneumonia (22%) and submandibular infections (11%). These infections likely triggered febrile episodes that led to seizures (Table-12).

Table - 13. Clinical Features (n=250, multiple responses)

	Feature
	Frequency
	Percentage (%)

	Loss Of Consciousness
	250
	100.0

	Up-Rolling Of Eyes
	140
	56.0

	Cold & Cough
	107
	42.8

	Vomiting
	62
	24.8

	Involuntary Movement
	95
	38.0

	Frothing
	52
	20.8

	Drooling Of Saliva
	24
	9.6

	Loose Stool
	22
	8.8

	Clenching Of Teeth
	19
	7.6



All children (100%) experienced loss of consciousness during their seizures. The most common features were up-rolling of eyes (56%) and involuntary movements (38%).
Symptoms like cold and cough (42.8%) and vomiting (24.8%) were also reported,

indicating a systemic infection or fever. Other signs included frothing, drooling, loose stools, and teeth clenching, which were less common (Table-13).

Table - 14. Simple Febrile Seizure (n=250)

	Simple seizure
	Frequency
	Percentage (%)

	Yes
	175
	70.0

	No
	75
	30.0

	Total
	250
	100.0


Seventy percent of children experienced simple febrile seizures, showing that most seizures were brief, generalized, and did not recur within 24 hours, consistent with known epidemiological trends (Table-14).

Table - 15. Atypical Seizure (n=250)

	Atypical seizure
	Frequency
	Percentage (%)

	Yes
	33
	13.0

	No
	217
	87.0

	Total
	250
	100.0


Atypical febrile seizures, identified by prolonged duration, focal onset, or recurrent episodes within 24 hours, occurred in 13% of children, pointing to a smaller group at a higher risk for complications or future epilepsy (Table-15).

Table - 16. Status Epilepticus (n=250)

	Status Epilepticus
	Frequency
	Percentage (%)

	Yes
	15
	6.0

	No
	135
	94.0

	Total
	250
	100.0



Status epilepticus, defined as a seizure lasting more than 30 minutes or recurrent seizures without recovery, was found in 6% of children. This lower rate aligns with studies that indicate most febrile seizures are self-limiting (Table-16).

Table - 17. Generalized Tonic-Clonic Seizure (GTCS) (n=250)

	GTCS
	Frequency
	Percentage(%)

	Yes
	25
	10.0

	No
	225
	90.0

	Total
	250
	100.0


Generalized tonic-clonic seizures were recorded in 10% of children, showing that most seizures were either simple febrile or focal. GTCS cases need careful monitoring due to potential recurrence risk (Table-17).

Table - 18. Hemoglobin Levels (n=250)

	Hb (g/dL)
	Frequency
	Percentage (%)

	6.5-8.5
	17
	7.0

	8.6-10.5
	115
	46.0

	10.6-12.5
	108
	43.0

	12.6-14.5
	10
	4.0

	Total
	250
	100.0



Most children had hemoglobin levels in the 8.6–12.5 g/dL range (89%), indicating mostly normal to mild anemia. Severe anemia (less than 8.5 g/dL) was seen in 7%, which may be important for pediatric health but is not a direct risk factor for febrile seizures (Table-18).

Table - 19. Mean Cell Volume (MCV) (n=250)

	MCV (fL)
	Frequency
	Percentage (%)

	<75
	65
	26.0

	75-85
	110
	44.0

	>85
	75
	30.0

	Total
	250
	100.0


Mean cell volume was mostly normal (75–85 fL, 44%), while 26% had microcytic (<75 fL) and 30% had macrocytic (>85 fL) patterns. These differences may reflect nutrition status or underlying blood conditions (Table-19).

Table - 20. Mean Cell Hemoglobin (MCH) (n=250)

	MCH (pg)
	Frequency
	Percentage (%)

	<27
	90
	36.0

	27-32
	130
	52.0

	>32
	30
	12.0

	Total
	250
	100.0



Most children (52%) had MCH values in the normal range (27–32 pg). Low MCH (less than 27 pg) was found in 36%, indicating hypochromic red blood cells, possibly due to iron deficiency anemia(Table-20).

Table - 21. White Blood Cell Count (WBC) (n=250)

	Wbc Count
	Frequency
	Percentage (%)

	Low
	20
	8.0

	Normal
	90
	36.0

	High
	140
	56.0

	Total
	250
	100.0


Leukocytosis (high WBC) was seen in 56% of children, indicating active infection or inflammation, which corresponds with the high rate of febrile episodes in this group (Table-21).

Table - 22. Platelet Count (n=250)

	Platelet Count
	Frequency
	Percentage (%)

	Low
	25
	10.0

	Normal
	140
	56.0

	High
	85
	34.0

	Total
	250
	100.0



Most children had normal platelet counts (56%), while thrombocytosis was recorded in 34% and thrombocytopenia in 10%, which could indicate concurrent infections or blood count variations (Table-22).

Table - 23. Neutrophil-Lymphocyte Ratio (NLR) (n=250)

	NLR
	Frequency
	Percentage (%)

	<2
	65
	26.0

	2-4
	120
	48.0

	>4
	65
	26.0

	Total
	250
	100.0


The majority of children (48%) had an NLR in the 2–4 range, suggesting moderate inflammation. Elevated NLR (over 4) in 26% could be linked to severe infection or inflammatory stress (Table-23).

Table - 24. Platelet-Lymphocyte Ratio (PLR) (n=250)

	PLR
	Frequency
	Percentage (%)

	<100
	70
	28.0

	100-150
	120
	48.0

	>150
	60
	24.0

	Total
	250
	100.0


Most PLR values were in the 100–150 range (48%), indicating moderate inflammation. Both low (under 100) and high (over 150) values were found in 28% and 24%, respectively, showing variations in immune responses among febrile children(Table-24).

Table - 25. Serum Sodium Levels (n=250)

	Na+ (mmol/L)
	Frequency
	Percentage (%)

	121–125
	5
	2.0

	126–130
	2
	1.0

	131–135
	73
	29.0

	136–140
	165
	66.0

	141–145
	5
	2.0

	Total
	250
	100.0


Serum sodium levels were mostly in the normal range of 136–140 mmol/L (66%). Mild hyponatremia (131–135 mmol/L) was found in 29% of children, while significant hyponatremia (less than 130 mmol/L) was rare (3%). This suggests minimal influence on seizure susceptibility in this group (Table-25).

DISCUSSION
In this hospital-based study of 250 children with febrile seizures (FS), we found that most cases were male (66%), confirming the male predominance reported in the literature. Previous Indian studies by Pavithran et al. and Sharma et al. also showed boys are affected almost twice as often as girls. Western studies report a male-to- female ratio between 1.3:1 and 1.8:1. Although the exact reason is unclear, some suggestions include differences in genetics, brain development, and sociocultural factors that encourage more healthcare-seeking behavior for boys in certain settings.

The peak age of onset in our study was between 1.5 and 2 years. This supports the established finding that febrile seizures usually occur between 6 months and 5 years, with the highest risk at around 18 to 24 months. This period aligns with a critical stage of brain development, marked by increased excitability of neuronal networks and decreased inhibitory control. This developmental vulnerability explains why young children are more prone to seizures when they have a fever.

Regarding birth order, first-born children made up over half of the cases (57.2%). Similar findings have been reported in earlier Indian studies, suggesting that parental anxiety and early medical attention might explain this trend. Some authors have also suggested that perinatal and immune differences between first-born and later-born children could be contributing factors.

A positive family history of seizures (30%) and a past history of convulsive fever (30%) were significantly associated with febrile seizures in our group. This highlights the genetic background of FS, which is well documented. Studies have linked familial epilepsy genes, such as FEB1 and FEB2 loci, to this condition. A positive family history is a known risk for recurrence and the later development of epilepsy. Our findings support these genetic connections.
Most seizures in our study were short, lasting 2 to 5 minutes, and were generalized, meeting the criteria for simple febrile seizures (70%). Atypical seizures occurred in 13% of cases, and febrile status epilepticus was seen in 6%. These proportions are similar to those reported by the Subcommittee on Febrile Seizures (AAP, 2011) and various Indian studies. Notably, the risk of recurrence and long-term neurological issues is higher in atypical and prolonged FS, emphasizing the need for early recognition and follow-up.

Almost all patients had a fever (99.2%), with most presenting temperatures between 100.1°F and 105°F, consistent with the accepted definition of FS. Infections were common triggers, with acute gastroenteritis and bronchiolitis being the most frequent. This aligns with previous studies in India that report respiratory and gastrointestinal infections as key triggers, while Western studies also identify viral illnesses like influenza and roseola as major causes.

Hematological and biochemical tests provided additional information. Almost half of the patients had hemoglobin levels below 10.5 g/dL, along with reduced MCV and MCH, indicating iron deficiency anemia. Iron is crucial for neurotransmitter function and myelination. Its deficiency is thought to lower the seizure threshold. Multiple studies from India, Pakistan, and Iran have consistently shown a strong link between

iron deficiency and FS, supporting our observation. Screening for and treating iron deficiency may therefore help reduce this risk.

Leukocytosis (56%) was seen in over half of the cases, reflecting the role of infection and inflammation. Similarly, elevated neutrophil-lymphocyte ratios (NLR) and platelet-lymphocyte ratios (PLR) were noted in many cases. These inflammatory markers, though nonspecific, might relate to seizure severity and could serve as potential prognostic indicators in future studies.

A significant number of children (29%) showed mild hyponatremia, while 66% had normal sodium levels. Hyponatremia is known to lower the seizure threshold, and its presence in FS has been supported by several studies worldwide. Our data emphasize the need to monitor electrolytes, especially in children with prolonged or recurrent FS.

Overall, our cohort suggests that febrile seizures are mostly benign, self-limiting, and simple, but identifiable risk factors such as male gender, young age, family history, iron deficiency, and mild hyponatremia influence them. This has important implications for clinical practice. Caregivers should be reassured about the generally good outcomes of FS, but they should also be informed about warning signs like prolonged seizures, focal features, or recurrence. Preventive measures such as correcting iron deficiency and managing infections may further reduce complications.

Strengths and Limitations
The strength of this study is its relatively large sample size (n=250) and thorough assessment of clinical and lab parameters. However, as a hospital-based cross- sectional study, it may not represent community prevalence or long-term outcomes. Another limitation is that we did not conduct detailed virological tests to identify specific pathogens, which could have offered additional insights.

Future Directions
Future research should focus on long-term follow-up to evaluate recurrence and risk of epilepsy. Interventional studies assessing iron supplementation and electrolyte imbalance correction in preventing febrile seizures are also needed. Additionally, larger multicenter studies could help identify region-specific risk factors.

CONCLUSION

The current observational study took place at the Government Medical College Hospital in Nagapattinam. It involved 250 pediatric patients diagnosed with febrile seizures. Researchers selected the study population based on specific inclusion and exclusion criteria to assess the clinical profile, causes, and lab characteristics related to febrile seizures in children.

Among the 250 patients, most were boys, making up about 64%. The highest occurrence was observed in children between 1 and 2 years old. Febrile seizures were slightly more common in children born through cesarean delivery (54%) compared to those born via vaginal delivery. Simple febrile seizures were the most frequent, seen in nearly 72% of cases. Complex seizures accounted for 20%, while febrile status epilepticus made up 8% of the study group.

The main cause identified was fever from acute upper respiratory tract infections (URTI), followed by acute gastroenteritis and other viral illnesses. Most patients presented with fever and loss of consciousness as their initial symptoms. About 28% of the study group had a family history of febrile seizures, suggesting a genetic link.

The blood tests showed that many patients had low hemoglobin (HGB), low mean corpuscular volume (MCV), and low mean corpuscular hemoglobin (MCH) levels. These findings suggest a high prevalence of microcytic hypochromic anemia, which may increase the risk of febrile seizures. The neutrophil-to-lymphocyte ratio (NLR) was significantly higher in children with complex febrile seizures. In contrast, the platelet-to-lymphocyte ratio (PLR) was lower in children with simple febrile seizures, indicating the role of inflammation in categorizing seizures.

When assessing serum sodium levels, 30% of patients had mild hyponatremia, 68% had normal sodium levels, and 2% had hypernatremia. No significant link was found between serum sodium and seizure recurrence, but monitoring electrolytes is still important. The study shows that normal sodium levels were common with typical febrile seizure cases, while mild hyponatremia was often linked to atypical and longer episodes.

This research highlights that simple febrile seizures are the most common neurological event in early childhood. These seizures usually have a harmless and self-limiting course. Identifying underlying blood disorders and inflammatory markers may help predict seizure types and recurrence. The study advises early detection, parent education, and quick treatment of febrile illnesses to reduce recurrence and anxiety related to these events.

More large-scale, multicentric studies are needed to investigate the significance of blood and electrolyte levels in febrile seizures. These studies can help create standardized clinical guidelines for pediatric populations in southern coastal regions of Tamil Nadu and similar areas.


Consent 
As per international standards, parental written consent has been collected and preserved by the author(s).

Disclaimer (Artificial intelligence)
Author(s) hereby declare that generative AI technologies such as Large Language Models, etc. have been used during the writing or editing of manuscripts. This explanation will include the name, version, model, and source of the generative AI technology and as well as all input prompts provided to the generative AI technology
DETAILS OF THE AI USAGE ARE GIVEN BELOW: 

1.ChatGPT


CONFLICT OF INTEREST

The authors declare that there is no conflict of interest.



REFERENCES

1. Steering Committee on Quality Improvement and Management, Subcommittee on Febrile Seizures. (2011). Febrile seizures: Guideline for the Neurodiagnostic Evaluation of the Child With a Simple Febrile Seizure. Pediatrics, 127(2), 389–394. https://doi.org/10.1542/peds.2010-3318
2. Waruiru, C., & Appleton, R. (2004). Febrile seizures: an update. Archives of Disease in Childhood, 89(8), 751–756. https://doi.org/10.1136/adc.2003.028449
3. Verity, C. M., Butler, N. R., & Golding, J. (1985). Febrile convulsions in a national cohort followed up from birth. I--Prevalence and recurrence in the first five years of life. BMJ, 290(6478), 1307–1310. https://doi.org/10.1136/bmj.290.6478.1307

4. Mikati, M. A., Tchapyjnikov, D., & Rathke, K. M. (2024). Febrile Seizures. In R. M. Kliegman & J. W. St. Geme (Eds.), *Nelson Textbook of Pediatrics* (pp. 3588–3630.e1). Elsevier. https://doi.org/10.1016/B978-0-323-88305-4.00633-7
 
5. Berg, A. T., & Shinnar, S. (1996). Complex febrile seizures. Epilepsia, 37(2), 126–133. https://doi.org/10.1111/j.1528-1157.1996.tb00003.x



6. Offringa M, Newton R. Prolonged and recurrent febrile seizures—evidence-based management. Arch Dis Child. 2018;103(7):653–657.



7. Shinnar, S., & Glauser, T. A. (2002). Febrile seizures. Journal of Child Neurology, 17(Suppl 1), S44–S52. https://doi.org/10.1177/08830738020170010601 


8. Sadleir, L. G., & Scheffer, I. E. (2007). Febrile seizures. BMJ, 334(7588), 307–311. https://doi.org/10.1136/bmj.39087.691817.AE 


9. Hesdorffer, D. C., Benn, E. K. T., Bagiella, E., Nordli, D., Pellock, J., Hinton, V., & Shinnar, S. (2011). Distribution of febrile seizure duration and associations with development. Annals of Neurology, 70(1), 93–100. https://doi.org/10.1002/ana.22368 


10. Tarhani, F., Nezami, A., Heidari, G., & Dalvand, N. (2022). Factors associated with febrile seizures among children. Annals of Medicine and Surgery, 75, 103360. https://doi.org/10.1016/j.amsu.2022.103360 


11. Gupta, M. M., & Sah, S. N. (2022). Clinical and laboratory characteristics of febrile seizure in children presenting with seizure. Journal of Nepalgunj Medical College. https://doi.org/10.3126/jngmc.v20i1.48156 


12. Shankar, P., & Mahamud, S. (2020). Clinical, epidemiological and laboratory characteristics of children with febrile seizures. International Journal of Contemporary Pediatrics, 7(7), 1598–1605. https://doi.org/10.18203/2349-3291.ijcp20202624 
13. Dhodi P, Khan Z, Patil P. Clinical profile of children with febrile seizure in a teaching hospital. J Evid Based Med Healthc. 2021;8(10):587–592.



14. Nirmala S, Adarsh E, Manjushree R. Study of febrile seizure and birth characteristics. Int J Contemp Pediatr. 2022;9(4):338–342.



15. Gontko-Romanowska, K., Żaba, Z., Panieński, P., Steinborn, B., Szemień, M., Łukasik-Głębocka, M., Ratajczak, K., & Górny, J. (2017). The assessment of laboratory parameters in children with fever and febrile seizures. Brain and Behavior. https://doi.org/10.1002/brb3.720 


16. Shil, S., Datta, M., Barua, D., Jahan, R., Shil, P. K., Das, A. K., et al. (2018). Serum sodium status in children with simple and complex febrile seizure: a comparative hospital-based study. *Bangladesh Journal of Child Health*, *42*(1), 1–6. https://www.banglajol.info/index.php/BJCH/issue/archive 


17. Balikoğlu, P., Oflu, A., & Bükülmez, A. (2023). Neutrophil-lymphocyte ratio, red cell distribution width and mean platelet volume as practical markers in febrile seizure classification. Revista Paulista de Pediatria, 42, e2023016. https://doi.org/10.1590/1984-0462/2024/42/2023016 


18. Rukmani, J., Krishnamurthy, C., & Fathima, S. A. (2019). Estimation of Hb, MCV, MCH variations in different types of febrile seizures. International Archives of Integrated Medicine, 6(3), 18–23. 


19. Berg, A. T., Shinnar, S., Hauser, W. A., & Leventhal, J. M. (1990). Predictors of recurrent febrile seizures: a metaanalytic review. The Journal of Pediatrics, 116(3), 329–337. https://doi.org/10.1016/s0022-3476(05)82816-1 


20. Shinnar, S., & Pellock, J. M. (2002). Update on the epidemiology and prognosis of pediatric epilepsy. Journal of Child Neurology, 17(Suppl 1), S4–S17. https://doi.org/10.1177/08830738020170010201 


21. Subcommittee on Febrile Seizures. (2011). Febrile seizures: Guideline for the neurodiagnostic evaluation of the child with a simple febrile seizure. Pediatrics, 127(2), 389–394. https://doi.org/10.1542/peds.2010-3318 
22. Offringa, M., & Moyer, V. A. (2001). Evidence Based Paediatrics: Evidence Based Management of Seizures Associated With Fever. *BMJ*, *323*(7321), 1111–1114. https://doi.org/10.1136/bmj.323.7321.1111 


23. Freeman, J. M. (1980). Febrile seizures: A consensus of their significance, evaluation, and treatment. Pediatrics, 66(6), 1009–1012. https://doi.org/10.1542/peds.66.6.1009a 


24. Millichap JJ, Gordon KE, Camfield CS, Camfield PR. The management of febrile seizures. Paediatr Drugs. 2019;21(1):1–12.



25. Chungath, M., & Shorvon, S. (2008). The mortality and morbidity of febrile seizures. Nat Clin Pract Neurol, 4(11), 610–621. https://doi.org/10.1038/ncpneuro0922 


26. Berg, A. T., Shinnar, S., Shapiro, E. D., Salomon, M. E., Crain, E. F., & Hauser, W. A. (1995). Risk factors for a first febrile seizure: A matched case-control study. Epilepsia, 36(4), 334–341. https://doi.org/10.1111/j.1528-1157.1995.tb01006.x 


27. Kanemura H, Sano F, Ishii S, Sugita K, Aihara M. Serum sodium levels and recurrence of febrile seizures. Brain Dev. 2013;35(7):624–628.



28. Leung, A. K. C., Hon, K. L., & Leung, T. N. H. (2018). Febrile seizures: an overview. Drugs in Context, 7, 212536. https://doi.org/10.7573/dic.212536 


29. Yüksel D, Özbek AE, Duru NS, Yılmaz G. Association between iron deficiency anemia and febrile seizures. Eurasian J Med. 2017;49(2):90–93.



30. Bhat J, Bhat N, Sharma S, Singh S. Evaluation of clinical and biochemical parameters in febrile seizures among children in a tertiary care center. Int J Contemp Pediatr. 2022;9(7):623–629.

31. Nascimento, M. A. L., Ferreira, L. G. R., Alves, T. V. G., & Rios, D. R. A. (2024). Inflammatory hematological indices, cardiovascular disease and mortality: a narrative review. Arquivos brasileiros de cardiologia, 121, e20230752. https://doi.org/10.36660/abc.20230752i 

32. Wu, X., Ma, C., Sun, D., Zhang, G., Wang, J., & Zhang, E. (2021). Inflammatory indicators and hematological indices in contrast-induced nephropathy among patients receiving coronary intervention: a systematic review and meta-analysis. Angiology, 72(9), 867-877. https://doi.org/10.1177/00033197211000492
