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ABSTRACT

Background: Febrile convulsions is one of the most common type of seizures seen in children. It has been suggested
that low serum magnesium (Mg) has occasionally been associated with epilepsy. A positive correlation of the
hypomagnesemia with the severity of epilepsy was also found. The present study aimed to estimate the levels of serum
magnesium in children with febrile convulsions and to compare serum magnesium levels with normal children.
Methods: Fifty patients who were eligible after screening for inclusion and exclusion criteria were included in the study
group after a signed written informed consent and 50 controls were also taken. A detailed history, clinical examination
and these investigations were done — complete blood count (CBC) (Hb, DC and ESR), serum calcium, serum
magnesium, serum electrolytes, random blood sugar and cerebrospinal fluid (CSF) analysis.

Results: The serum magnesium level was normal in 45 patients (90%) with febrile convulsions, low levels in 4 cases
(8%) and high levels seen in 1 case (2%). Serum magnesium levels were normal in all 50 controls. In this study, the
serum magnesium levels has got no correlation in patients with febrile convulsion. So, routine magnesium
supplementation need not be prescribed in normal subjects to prevent febrile convulsions.

Conclusions: Routine measurement of serum levels of Mg, glucose and calcium are warranted in subject with febrile
convulsions. However, large prospective studies are further required in future to establish the correlation of serum Mg

and febrile convulsions so that a standard guidelines can be set up which could be followed universally.
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INTRODUCTION

Febrile convulsion is one of the most common seizure
disturbances in children with an approximate rate of 3 to 4
percent.® Most febrile seizures are brief, do not require any
specific treatment or workup, and have benign prognoses.

Magnesium (Mg) is the fourth most common cation in the
body and third most common intracellular cation. It is
mainly found in muscle, other soft tissues, bone and
erythrocyte. Mg plays an important role in establishing the

electrical potential across cell membranes as a result of its
involvement in the Na/K ATPase system. Mg is needed for
enzymes that play role in cell membrane stability and
nerve conduction, and hypomagnesaemia leads to nerve
and muscle excitability.?3

It is also involved in neuronal function and it inhibits the
facilitatory effects of calcium on synaptic transmission and
also exerts a voltage dependent blockage of N-methyl-D-
aspartate (NMDA\) receptor channel. It has been suggested
that low serum Mg has occasionally been associated with
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significant effects on the central nervous system especially
in epilepsy. A positive correlation of the hypomagnesemia
with the severity of epilepsy was also found: the more
severe the epilepsy, the lower was the plasma Mg. A
significant increase of Mg concentration in cerebrospinal
fluid (CSF) of epileptics was found. The most likely origin
of Mg in CSF in epilepsy is the CNS tissue from which Mg
is released. It is suggested that these alterations of Mg
concentrations in plasma and CSF originate from a
functional impairment of the cell membranes, which might
occur in epilepsy.*

Studies done by Chhaparwal et al, Mishra et al, Ahmad et
al and Papierkowski et al indicate that deficiency of Mg
have contributing effect in the incidence of febrile
convulsion.>® Limited data is available on the levels of
serum magnesium in children with febrile convulsions.
Therefore a study was planned to estimate the levels of
serum magnesium and establish the correlation between
serum levels of magnesium in children with febrile
convulsions.

METHODS

This study was a duration based prospective analytical
case-control study conducted in the Department of
Paediatrics, Vydehi Institute of Medical Sciences and
Research Centre, Bangalore for a period of 1 year from
March 2010 to February 2011.

Inclusion criteria

Children between the ages of 6 months to 5 years, who
were developmentally normal, with febrile convulsions,
children with febrile convulsion admitted for the first time
to our hospital, age matched subjects admitted with minor
ailments with no convulsions were taken as controls were
included in the study.

Exclusion criteria

Children with history of congenital anomalies of central
nervous system (CNS), neonatal seizure, neuro infection
and other metabolic conditions causing seizure, children
who had received magnesium supplements, and children
with febrile convulsion who were admitted for the second
time and evaluated previously in our institution were
excluded from the study. Patients who were eligible after
screening for inclusion and exclusion criteria were
included in the study. Study was started after obtaining the
signed written informed consent by the patient’s caretaker.

A detailed history was obtained with regards to the fever —
type, duration; convulsions — type, duration, number of
episodes of convulsion, prior hospitalization and
medications; co-morbid diseases, past history of
convulsions, birth and developmental history, family
history. The details were entered on case report form. A
detailed clinical examination was done and observations
were noted. Following investigations were carried out —

complete blood count (CBC) (Hb, DC and ESR), serum
calcium, and serum magnesium (measured using catalyst
method immediately after admission by Synchron CXR
systems and change in absorbance at 520 nanometers),
serum electrolytes, random blood sugar, and CSF analysis.
Patients who were included in the study group were
admitted in paediatric ward and managed according to the
standard protocols for the particular ailments.

Ethical approval from the Institutional ethics committee
was taken. Statistical analysis was done and the data was
analyzed using mean standard deviation, Chi square
test/Fisher exact test and proportions has been used to find
the significance of study parameters. The statistical
software namely statistical package for the social sciences
(SPSS) 16.0 were used for the analysis of the data and
Microsoft have been used to generate graphs, and tables.

RESULTS
Age

The mean age of presentation of febrile convulsion was
found to be 20.88+11.38 months (Table 1).

Temperature

The mean temperature at which children had febrile
convulsion was 101.44+0.99 °F.

Total leukocyte count

There was no statistical significance between the cases and
controls.

Sex

Of all the 50 children with febrile convulsion, 37 were
males accounting for 74%. The rest 13 (26%) were females
with the ratio being M: F=2.8:1.

Cause of febrile convulsion

The most common cause for febrile convulsion in this
study was upper respiratory tract infection — 43 cases
(86%). Acute pharyngotonsillitis, seen in 34 children
(68%), the second most common cause being acute
pharyngitis seen in 9 children (18%), followed by acute
diarrhoeal disease in 5 (10%) and one case of acute otitis
media and viral fever (Table 2).

Family history

A positive family history was seen in 13 cases (26%).
Consanguinity

A positive consanguinity was seen in 6 cases (12%).
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Blood sugar levels (8%) and high levels seen in 1 case (2%). Serum
magnesium levels were normal in all 50 controls (Table 4).

High blood sugar levels were seen in 22 patients with

febrile convulsion (44%). Normal blood sugar levels were Serum magnesium levels was considered low if <1.7 mg/dI
seen in 28 cases (56%) (Table 3). and high if >2.8 mg/dlI.

Serum magnesium Serum calcium

The levels of serum Mg was normal in 45 patients (90%) The levels of serum calcium were normal in both the cases
with febrile convulsion, low levels were seen in 4 cases and controls.

Table 1: Comparison of age, temperature, Hb and TLC in both the groups.

Cases Control

Parameter Mean=SD Range Mean+SD Range PR
Age (months) 20.88+11.38 6-60 27.46+15.01 6-60 0.015
Temperature 101.44+0.99 100-103 98.98+0.59 98.6-100 0.001
Total leukocyte count 13362.46+2313.84  8000-17200  9927.8+2690.881 4800-14500  0.001

Unpaired t test is applied; p value is significant if <0.05

Table 2: Comparison of causes in both the groups.

Control Grand total
P value
Diarrhoeal disease
ASOM 1 2 0 - 1
URI 43 86 38 76 81 0.172
Viral fever 1 2 0 - 1 _
Grand total 50 50 100 |

Fishers exact test is applied; p value is significant, if <0.05

Table 3: Comparison of blood sugar level in both the groups.

Control Grand total

Blood sugar No. "% No. % No. P value

High 22 44 0 - 22 _
Normal 28 56 50 100 78 0.001 |
Grand total 50 100 50 100 100 |

Fishers exact test is applied; p value is significant, if <0.05

Table 4: Serum magnesium levels in both the groups.

Serum Mg level Cases Control Grand total P value
No. % No. % No.

High 1 2 0 - 1

Low 4 8 0 - 4

Normal 45 90 50 100 95 0.071
Grand total 50 100 50 100 100 |
Fishers exact test is applied; p value is significant, if <0.05.

DISCUSSION Study population was divided in two groups: 50 children

with febrile convulsion (cases) and 50 children without

Febrile convulsion is a terrifying event for the parents, febrile convulsion (controls). Demographic parameters
which seeks emergent medical attention. Attempts have (e.g. gender, age) were comparable in both the groups. In
been made to identify predisposing risk factors like family cases, majority were males 74% and remaining were
history, metabolic disturbances (especially serum Mg, females (26%). This suggests a male preponderance. M:
glucose and calcium). F=2.8:1. In control group, 62% are male and remaining

were female (38%). No significant difference was seen in
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mean age of cases (20.88 months) and control (27.46
months). In our study, both cases and control have
comparable diagnoses. Cases had significant family
history of febrile convulsion as compared to control (26%
versus 6%). History of consanguinity and parity was not a
risk factor.

Serum magnesium

We found no significant difference between the levels of
serum magnesium levels of children with and without
febrile convulsion (p>0.05), though 2% children in cases
had high level and 8% had low level of serum magnesium
as compared to control group who had normal serum
magnesium levels in all children.

In atypical febrile convulsion, 9.09% had low magnesium
levels, 90% had normal magnesium levels while in typical
febrile convulsion, 89.74% had normal magnesium level,
7.69% had low magnesium level and 2.56% patients had
high magnesium levels. Most of the patients had
convulsion in between 10 to 15 minutes duration. Out of
them, 35 patients (90%) had normal serum magnesium
levels, 3 had low magnesium level and one patient had
high serum magnesium levels. Our results are similar to
those of other workers.**!

Recent evidences indicate that the deficiency of Mg can
play a significant role in febrile convulsions. Rutter et al in
a study on 83 children with febrile convulsion and
Woodbury et al showed no clear abnormality in plasma or
CSF magnesium levels and concluded that magnesium
levels do not play a role in the causation of febrile
convulsion.®? Chhaparwal et al determined Mg levels in
the serum and in the CSF in 100 Indian children presenting
with febrile convulsions and found out that children with
febrile convulsions had low serum and CSF concentrations
of magnesium and stated that there are certain biochemical
changes that occur during the febrile state which possibly
precipitate febrile convulsions.® In a study by Mishra et al
levels of Mg and other elements were evaluated in CSF in
Indian children with febrile seizure. The study subjects
included 20 cases of febrile convulsion, 26 patients of
encephalitis and 22 children of fever with meningismus.
Author found that serum and CSF levels of magnesium,
zinc, GABA were significantly reduced in children with
febrile convulsions. There was a significant positive
correlation between CSF and serum magnesium in study
subjects and these findings suggest a relationship between
low levels of Mg and predisposition to febrile convulsion
in children.®

In Iran, Ahmed et al retrospectively studied the serum level
of magnesium in 60 children of 3-72 months of age with
febrile convulsion. The children of control group had no
seizure. Study found that serum levels of magnesium and
zinc were deficient in children of febrile convulsions and
supplements of magnesium and zinc was suggested in diet
of affected children for prophylaxis of febrile seizure
recurrences.” A similar finding was found by

Papierkowski, who estimated Mg and zinc levels in blood
serum and cerebrospinal fluid in 18 children of 8 months-
5 years with febrile convulsions.? Baek et al included 133
patients with febrile seizure and 141 control patients and
found that hypomagnesemia (<0.50 mmol/l) was more
common in patients with febrile seizure than in controls
(42.9% versus 6.9%, p<0.001) and it was an independent
risk factor for febrile seizure (OR, odds ratio=22.12, 95%
Cl=9.23-53.02, p<0.001). It was concluded that
hypomagnesemia was more common and serum iMg®*
level was lower in patients with febrile seizures than in
controls. However, further evidence is needed for the
causal relationship between low magnesium and febrile
convulsions.®

Kannachamkandy et al studied 35 children between six
months to five years with febrile seizures as cases and 35
children with febrile illnesses without seizures as controls
and concluded that high serum copper levels and low
serum magnesium levels were significantly associated
with febrile seizures.** Sherlin et al included children
between the ages of 6 months to 5 years with febrile
convulsions and found that serum Magnesium levels were
low in 32% of the cases with febrile convulsion indicating
that serum Magnesium levels has got positive correlation
in patients with febrile convulsion.'> Goutham et al in his
study included two groups of 45 patients each with 6-60
month of age with febrile convulsion and fever without
seizure respectively and got a positive co relation between
levels of serum magnesium and febrile convulsion.
However more studies at a larger level required to establish
a strong correlation between the two.'® Bharathi et al did
an observational prospective study on 120 children aged 6
months to 5 years of age with history of fever and
convulsions where no association was found with gender,
age, and temperature of the patient and subtype of febrile
convulsions but statistically significant association was
found with hypomagnesemia and ‘typical febrile
convulsions’ but no such association was found with
atypical febrile convulsions.’

Obvious reason for above finding could be the need of
magnesium for enzymes that play role in cell membrane
stability and nerve conduction, and therefore
hypomagnesaemia leading to nerve and muscle
excitability.’® Magnesium is also involved in neuronal
function and it inhibits the facilitatory effects of calcium
on synaptic transmission and also exerts a voltage
dependent blockage of N-methyl-D-aspartate (NMDA)
receptor channel. Low serum magnesium has occasionally
been associated with significant effects on the central
nervous system especially in epilepsy. A positive
correlation of the hypomagnesemia with the severity of
epilepsy was also found: the more severe the epilepsy, the
lower was the plasma Mg.*

Blood glucose

Hyperglycaemia is relatively frequent in the course of
severe illnesses and may be looked upon as the possible
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result of an uncoordinated insulin response to the increased
glucose that the body may need during periods of stress, it
is generally agreed that it does not constitute a pre-diabetic
condition. Hyperglycemia and hyperglycorrhagia are
common associations of febrile seizures.19 Rapid release
of cortisol and adrenaline after seizures as a stress reaction
induces elevated glucose concentration in blood and CSF.°
Fever intensity is also independently correlated with
elevated CSF glucose level following febrile seizures.?

In our study, significantly high number of cases had high
blood sugar as compared to control (p=0.001).The findings
of our study are in the line of published literature. In a
study by Rutter et al hyperglycaemia was a frequent
finding and was reflected in raised CSF glucose levels
whereas blood glucose levels were only transiently raised
and none of the children had diabetes mellitus.9 In a study
in 1199 children, Valerio et al found that hyperglycemia
was significantly more prevalent in children affected by
febrile seizures (12.9%) than any other diagnosis. It was
more frequent in patients with body temperature >39
degrees C (14%) than in those with a temperature <39 °C
(4%; p<0.0008). Hyperglycemia was more prevalent in
clinical conditions of fever associated with seizures or pain
(12.9% and 12.5%, respectively) than fever alone
(4.4%).2

Hyperglycemia is regarded as a consequence of
convulsion-induced release of both cortisol and
adrenaline.! Interleukin 1 beta (IL-1), an endogenous
pyrogenic cytokine, inhibits insulin release and stimulates
the secretion of cortisol.??* This may explain why high
number of cases had high blood sugar in our study. In fact
many authors also reported significantly high blood
glucose in the CSF in febrile children with and without
convulsions than in non-febrile, non-convulsive children.
Both fever and seizures increased the CSF glucose levels.?°

Blood calcium

It is well documented that low levels of calcium are
responsible for initiation of seizures. However, in our
study serum calcium in seizure remained comparable to
the control as reported by Rutter et al, Prasad et al and
Sakha et al.**? However, Govil et al and Sood et al
showed higher levels of calcium in epileptic children.*?7
Calcium facilitates the release of acetylcholine by nerve
impulses, which may be responsible for neuromuscular
irritability. Hypomagnesemia and hypercalcemia combine
to produce a membrane state, which becomes responsive
to an otherwise sub-threshold stimulus. Kiviranta et al
reported in one study that during an acute febrile disease,
mild disturbance of water and electrolyte balance occurs
frequently and in another study it was suggested that
changes in serum electrolyte levels, might enhance the
susceptibility to seizure and its recurrence during a febrile
disease in childhood.?°?® Van Stuijvenberg et al in a study
done in children with seizures associated with fever found
that abnormal biochemical blood test results are rare and
outside the morbidity range and in children with a low

probability of a normal result as calculated by the score
chart, the test may be indicated.?® On the other hand,
Kenney et al have shown that routine measurements of
biochemical tests are not necessary in febrile convulsion.*

The limitations of this study are that the sample size was
small compared to the general population and the patients
were not followed up later with the repeat blood levels of
magnesium.

CONCLUSION

In this study, the serum magnesium levels has got no
correlation in patients with febrile convulsion. So, routine
magnesium supplementation need not be prescribed in
normal subjects to prevent febrile convulsions. The
estimation of serum levels of magnesium, glucose and
calcium are essential for the rational understanding of
pathogenesis and management of febrile seizure. The
changes in these parameters might be associated to the type
of seizure. The association between serum electrolytes
changes and incident febrile seizure suggests that
alteration in serum electrolytes is likely to play a clinically
significant role in causing febrile seizures.

Therefore, routine measurement of serum levels of Mg,
glucose and Ca are warranted in subject with febrile
seizure. However, large prospective studies are further
required in future to establish the correlation of serum
magnesium and febrile convulsions so that a standard
guidelines can be set up which could be followed
universally.
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