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Abstract

Aim: The most common seizure type in childhood is febrile convulsion, which is likely to recur due to many risk factors. This study
aimed to evaluate serum sodium and glucose levels in patients who had a febrile convulsion and investigate the relationship between
these values and recurrent seizures.

Materials and Methods: The medical records of patients presenting to our hospital with the diagnosis of febrile convulsion between
2013 and 2018 were investigated.

Patients with high-risk factors for recurrence were excluded. According to the reference ranges of our laboratory, for glucose, 101-
149 mg/dl as mild-to-moderate stress hyperglycemia, above 150 mg/dl as severe stress hyperglycemia; for sodium, below 134
mmol/L as hyponatremic.

Results: Of the 90 patients, 51 were boys, and 39 were girls. Without recurrent convulsions with recurrent convulsions (first-last):
The mean age was 27.2+12.7 months / 27.4 + 11.3 months-30.5112.4; the mean serum glucose level was 129.1+37 mg/d|l/130 +37.5
mg/dl-124 + 34 mg/dl; the mean serum sodium level was 134.07+3.05 mmol/L 134.4 + 2.6 mmol/L-133.8 + 2.9mmol/L. The glucose
level was 60-100 mg/dl in 14/5 cases, 101-149 mg/dl in 39/10 cases, and above 150 mg/dl in 16/6 cases; the sodium level was
135-150 mmol/L in 29/10 cases, < 135 mmol/L in 40/11 cases.

Conclusion: Febrile convulsion is in most cases present with hyponatremia and hyperglycemia, but this cannot be a predictive

marker of seizure recurrence.
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INTRODUCTION

Febrile seizures are usually benign seizures most
commonly seen in children aged six to 60 months. The
prevalence of febrile seizures is approximately 2-5%,
varying from one country to another. There is a possibility
of recurrence in one-third of the cases (1). For the
definition of febrile seizures, there should not be a history
of epilepsy diagnosis, central nervous system infections
should be excluded, and the seizure should occur at a
body temperature of higher than 38 °C. These seizures are
classified as complex if they last longer than 15 minutes,
occur focally and recur within 24 hours, and considered as
simple if there is full-body involvement lasting less than
15 minutes and presenting without recurrence within 24
hours (2).

Genetic predisposition, seizures under one year of age,
and seizures accompanied by low fever are risk factors
for recurrence (1). After the first seizure, repetition can be
seen in 15-70% of the cases within the first two years and

16% within 24 hours (3, 4). Despite studies suggesting
that serum sodium levels in recurrent febrile seizures are
significantly lower compared to non-recurrent seizures,
there are also researchers reporting no significant
difference (4). It has also been shown that stress
hyperglycemia may be present in febrile convulsion, and
it is associated with the severity of seizures but not with
recurrence (5).

This study aimed to evaluate sodium and glucose
levels in patients presenting to our hospital with febrile
convulsions, to investigate the relationship between these
values and recurrent seizures, and to determine whether
sodium and glucose levels in febrile convulsions can help
identify possible recurrences.

MATERIALS and METHODS

After receiving the approval of the ethics committee, the
medical records of patients presenting to Erzincan Binali
Yildirim University Department of Pediatrics with febrile
convulsions between 2013 and 2018 were obtained from
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the automated system of the hospital. Patients fewer than
six months or above 60 months, those diagnosed with
epilepsy or convulsion, metabolic disease or neurological
disease, mental retardation and abnormal serum values
that might cause attacks and those who presented to the
hospital with a seizure but were then diagnosed with a
central nervous system infection were excluded from the
study. Patients who several risk factors for recurrence
such as complex febrile seizures, patients under one year
old, children with a family history of febrile convulsions,
brief duration between the onset of fever and the initial
convulsion, lower body temperature during convulsion
were excluded from the study. In recurrences, age,
gender, and serum sodium and glucose levels at initial
and recurrent seizures were recorded for pediatric cases
with available anamnesis information and examination
findings. The reference ranges of our laboratory are 60-
100 mg/dl for average glucose and 135-150 mg/dl for
normal sodium. Accordingly, 101-149 mg/dl glucose was
considered as mild-to-moderate stress hyperglycemia
and above 150 mg/dl as severe stress hyperglycemia,
below 135 mmol/ L was considered as hyponatremia.
Patients with a serum sodium value of <120 mmol/L and
>150 mmol/L were excluded from the study due to the
possibility that this caused the convulsions. Glucose levels
were grouped as normal glucose levels, mild-to-moderate
stress hyperglycemia, and severe stress hyperglycemia
in all patients. Then the rates of recurrence between the
three groups were analyzed. Sodium levels were grouped
as normal sodium levels and hyponatremia in all patients.
Then the rates of recurrence between the two groups were
analyzed.

Statistical Analysis

The Statistical Package for Social Sciences version 22.0
(SPSS Inc., Chicago, IL, USA) was used for statistical
analysis. For the evaluation of the data, descriptive

Table 1. Evaluation of the patients with febrile convulsions

statistics (frequency, mean, standard deviation, cross
tabs) were used, and the quantitative data were compared
using the Wilcoxon signed-ranks test and one-sample
t-test, One-Way ANOVA. The significance of the values
was evaluated at p < 0.05 and 95% confidence interval (CI).

RESULTS

The data belonging to 90 patients with simple febrile
convulsions were evaluated. Twenty- one of these patients
(23.3%) were administered to the emergency department
due to the recurrence of febrile seizures. Of the 90 patients,
51 were boys (56.7%), and 39 were girls (43.3%), with a
male/female ratio of 1.3. The mean age was 27.3+12.4
months (range: 12.2-56 months), and the mean serum
glucose level was 129.3+36.9 mg/dl (range: 76-249 mg/
dl), the mean serum sodium level was 134.1+2.9 mmol/L
(range: 127-140 mg/dl).

The glucose level was found to be within the normal range
in 19 patients (21.1%), 101-149 mg/dl in 49 patients
(54.4%), and above the 150 mg/dl threshold in 22 cases
(24.4%). The sodium level was below 135 mmol/L in 39
cases (43.3%), and 135 mmol/L or above in 51 patients
(56.7%).

In patients without recurrence: 35 were boys (50.7%) and
34 were girls (49.3%), with a male/female ratio of 1.02
(p>0.05). The mean age was 27.2+12.7 months (range:
12.2-56 months). The mean age of the girl patients was
24.4 + 12,2 months; the mean age of the boy patients was
29.9 + 12.8 months (p=0.075) (Table 1).

The mean glucose level was 129.1+37 mg/dl (range: 76-
249 mg/dl). The mean serum glucose level in girls was
126.3+29.7 mg/dl, in boys was 131.8443.2 mg/dl, and
these results were statistically not significant (p=0.542)
(Table 1).

Without recurrence

n=69 (%)
Girl 34 (49.3%)
Boy 35(50.7%)

Mean * sd
Age 27.2412.7
All patients-Glucose-mg/dl 129.1+37
glucose- girls-mg/dl 126.3129.7
glucose-boys-mg/dI 131.8443.2
All patients-Sodium- mmol/L 134.0743.05
sodium-girls - mmol/L 134.3t2.4
sodium-boy- mmol/L 133.5¢3.5

With recurrence

n=21 (%) P
5(23.8%)
16(76.2%) <0.05°
First Recurrent
Mean # sd Mean * sd
27.4+11.3 30.5¢12.4 >0.05
130 £37.5 124 + 34
133.6136 122.8+ 33 >0.05
128.8+39.1 124.3+35.4
1344126 133.8+2.9
134.812.1 135+2.4 >0.05
134.4+2.8 1335+3

= Only in recurrent seizures; n= Number of patients; sd= Standard deviation; %= Percentage of patients
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The glucose level was found to be within the normal range
in 14 patients (20.3%), 101-149 mg/dl in 39 patients
(56.5%), and above the 150 mg/dl threshold in 16 cases
(23.2%). The mean age was 30 months for normal glucose
group patients, 27.2 months for those with a high glucose
group, and 24.9 months for those with the higher glucose
group (p=0.560) (Table 2).

The mean sodium level was 134.07+3.05 mmol/L, ranging
from 127 to 140 mmol/L. The mean serum sodium level
in girls 134.3t2.4 mmol/L, serum sodium level in boys
133.5¢3.5 mmol/L, no statistically significant difference
(p=0.454) The mean age was 27.3+12.4 months (Table 1).

The sodium level was below 135 mmol/L in 29 cases
(42%), and 135 mmol/L or above in 40 patients (58%). The
mean age was 26.8 months for hyponatremic patients
and 27.8 months for those with a normal sodium value
(p=0.075) (Table 2).

In patients with recurrence: 16 were boys (76.2%) and
5 were girls (23.8%), with a male/female ratio of 3.2
(p=0.030). The mean age of the patients was 27.4 + 11.3
months (range: 14-54 months). The mean age of the girl
patients was 24.2 + 11.2 months, the mean age of the boy
patients was 28.5 + 11.5 months (p=0.474) (Table 1).

The mean glucose level was 130 +37.5 mg/dl (range: 87-
235 mg/dl) for the first seizure and 124 + 34 mg/dl (range:
71-229 mg/dl) for the last recurrent seizure (p = 0.591).
The mean serum glucose level in girls was 133.6+36 mg/dI

Table 2. Glucose and sodium levels in patients

for the first seizure and 122.8 + 33 mg/dl for the recurrent
seizure (p = 0.635). The mean serum glucose level in boys
was 128.8+39.1 mg/dl for the first seizure and 124.3+
35.4 mg/dl for the recurrent seizure (p = 0.736) (Table 1).

The glucose level was found to be within the normal
range in 5 patients (23.8%), 101-149 mg/dl in 12 patients
(57.1%), and above the 150 mg/dl threshold in 4 cases
(19%) (Table 2). The rates of the recurrence were similar in
each group (Table 2).

The mean age in first seizures was 28.2+12.6 months for
normal glucose groups patients, 27.2+12.53 months for
those with a high glucose groups and 27.44+11.3 months
for those with a severe high glucose group (p=0.988). The
mean age in recurrent seizures was 27.3+17.2 months
for normal glucose groups patients, 31.7+13.3 months
for those with a high glucose group and 29.2+8.8 months
for those with a severe high glucose group (p=0.840). The
mean age was similar in each group.

The mean sodium level was 134.4 + 2.6 mmol/L (range:
130-139 mmol/L) for the first seizure and 133.8 + 2.9
mmol/L (range: 129-140 mmol/L) for the recurrent
seizure (p=0.479). The mean serum sodium level in girls
was 134.8+2.1 mmol/L for the first seizure and 135 + 2.4
mmol/L for the recurrent seizure (p= 0.895). The mean
serum sodium level in boys was 134.4+2.8 mmol/L for
the first seizure and 133.5 + 3 mmol/L for the recurrent
seizure (p= 0.410) (Table 1).

Without recurrence

n=69 (%)

Sodium level 135-150 mmol/L 29 (42 %)
<135 mmol/L 40 (58 %)

Glucose level 60-100 mg/dl 14 (20.3%)
101-149 mg/dl 39 (56.5%)

>150 mg/dl 16 (23.2%)

n=Number of patients; %= Percentage of patients

With recurrence With recurrence

first seizure recurrent seizure P

n =21 (%) n=21 (%)

10 (47.6%) 8 (38.1%) >0.05
11 (52.4%) 13 (61.9%)

5(23.8%) 3(14.2%) >0.05
10 (47.6%) 13 (61.9%)

6 (28.6%) 5(23.9%)

in the first seizures in recurrent seizures: The sodium
level was below 135 mmol/L in 11 cases (52%), and 135
mmol/L or above in 10 patients (52%). The mean age
was 28.8+12.5 months for hyponatremic patients and
26.2+10.5 months for those with a normal sodium value
(p=0.623).

In the last seizures in recurrent seizures: The sodium level
was below 135 mmol/L in 8 cases (52%) and 135 mmol/L
or above in 13 patients (52%). The rates of the recurrence
were similar in each group (Table 2). The mean age was
37115.2 months for hyponatremic patients and 26.5+8.7
months for those with a normal sodium value (p=0.060).
The mean age was similar in each group.

DISCUSSION

In febrile convulsions that are the most common seizures
of childhood, genetic predisposition, seizure history in the
family, environmental factors, young age, short duration of
fever before the seizure, and male gender are among risk
factors for recurrence (6).

It was previously suggested that patients susceptible
to infections and frequent illnesses for the male gender
constitute a risk factor for the recurrence of febrile
convulsions (7). Studies demonstrating a higher
prevalence of febrile convulsions in boys compared to
girls report the male/female ratio as 1.4/1, 1.3/1, and
1.36/1 (7,8). in the current study, the frequency of febrile
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convulsions in both gender were similar in those without
recurrent seizures. Aksay et al. reported that two-third
of the recurrences were seen in boys, while our rate was
identical (male/female: 3.2) (7).

Febrile convulsions are usually seen between 12-30
months, and most commonly at 18 months of age (7).
Consistent with the literature, 62 (68.8%) of 90 patients
in the current study were aged 12 to 30 months, and the
prevalence was similar for the patients in this age range.

During acute pyretic disease, water and electrolyte
balance may be impaired, causing abnormal serum
electrolyte levels (9,10). Serum sodium levels are lower
in children that have febrile convulsions than in the
normal population (10,11). Also, in febrile convulsions,
hyponatremia can be induced by arginine vasopressin
released at high levels to affect thermoregulatory neurons
through the ventroseptal region of the limbic system for
the maintenance of body fluid balance or reduction of
fever as an endogenous antipyretic against dehydration
which can be associated with fever that occurs in many
acute inflammatory events. Children can present with even
higher levels of hyponatremia than adults, which results
in increased intracellular fluid passage, brain edema, and
encephalopathy. Besides, hyponatremia can decrease the
amount of intracerebral arterial oxygen (12,13) and lower
the seizure threshold (14) by reducing the cerebral blood
flow.

Some studies indicate that serum sodium levels are
lower in patients with convulsions than that of controls.
That is, hyponatremia can increase the risk of recurrence
of convulsions in acute pyretic disease (9,15) and
the probability of seizure recurrence is higher in the
presence of lower sodium levels, which emphasizes the
importance of sodium measurement (6). However, some
researchers reported no significant difference in sodium
levels between recurrent and non-recurrent cases (9, 16)
and those suggesting that the sodium level should not
be investigated if the seizure recurs within 24 hours (4).
The majority of our patients had hyponatremia, which is
in agreement with the literature. When the cases without
recurrent seizures were evaluated, hyponatremia was
detected in 42% of patients at the time. When the cases
with recurrent seizures were evaluated, hyponatremia was
detected in 52.4% of patients at the time of the first seizure
and 61.9 % at the time of recurrence. In recurrent seizures,
hyponatremia was slightly more than seizures that
nonrecurrent. But there was no significant relationship
between recurrence and hyponatremia.

Stress hyperglycemia is a temporary elevation in blood
glucose levels as a result of increased catecholamines,
cortisol, growth hormone, glucagon, and cytokines during
acute stress, and glucose returns to normal ranges when
stress is reduced (17). It was reported that those who
had seizures for the first time or experienced severe and
prolonged seizures had higher stress hyperglycemia. In
recurrent seizures, the presence of various conditions, such
as increased excitability in fever-sensitive ion channels

and neurons, as well as the possibility of a lower seizure
threshold, has been demonstrated. This neuroendocrine
response results in excessive gluconeogenesis and
glycogenolysis (18,20). The severity of hyperglycemia
in response to stress is associated with the intensity
of the stressor. Therefore stress hyperglycemia in the
acute disease seems to be a marker of disease severity.
Stress hyperglycemia present in approximately 5% of
children presenting to the emergency service with acute
disease. That stress hyperglycemia may be a predictor
of recurrence in the first 24 hours in children with febrile
convulsions is embraced by some researchers while
rejected by others (20).

Inthe present study, the prevalence of stress hyperglycemia
in children with non-recurrent febrile seizure was 23.1%,
in children with recurrent febrile seizure was respectively
first-last seizure 28.6% - 23.8%. In studies accepting the
glucose threshold level of 150 mg/dl to define stress
hyperglycemia, the rate of stress hyperglycemia was
reported as 10-12.9% (20). Previous studies investigated
recurrence within 24 hours, whereas we evaluated it in the
late period. Although not statistically significant, the mean
glucose level in the recurrent seizure was lower than the
first seizure, this finding is consistent with the literature. It
suggests that the seizure threshold is lower in recurrences
and that seizures can occur even in less stress without the
opportunity for cortisol and catecholamines to rise to the
point of causing stress hyperglycemia.

CONCLUSION

Arecurrent febrile convulsion is more commonin boys than
in girls. Sodium levels may be low; glucose levels may be
high in most patients with febrile seizures. Hyponatremia
and hyperglycemia can also occur in recurrent seizures,
but this cannot be considered as a predictive marker of
seizure recurrence. Severe stress hyperglycemia may
develop in children that have had recurrent febrile seizures
this situation being lower in the recurrent seizures than
the first seizure indicates that the seizure threshold may
reduce recurrences. Thereis a need for prospective studies
with more extensive case series to confirm the results.
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