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KABSTRACT \

Background: Seizures, caused by abnormal brain electrical activity, are a major neurological issue in
children. In Pakistan, pediatric seizure prevalence is significantly higher than in many other countries.
Electrolyte imbalance is a known but under-researched cause of seizures, especially in children. The
present study aimed to determine the frequency of electrolyte imbalance in patients presenting
with seizures.

Methods: This prospective cross-sectional study was conducted at the Emergency Department of a
Tertiary Care Hospital in Rawalpindi from January 1st to June 30th,2023. Forty patients under 18 years
presenting with seizures were included using non-probability consecutive sampling. Statistical
Package for Social Sciences SPSS version 21.0 was used for data analysis. Mean+SD was used for
descriptive statistics. An independent samples T-test was applied, with p < 0.05 considered
statistically significant.

Results: Of 40 patients, those with known epilepsy (n=14) had significantly lower serum calcium and
magnesium levels (p=0.016 and 0.001) than those with first-time seizures (n=26). Patients on
anti-epileptic drugs (n = 7) also showed lower calcium and magnesium levels (p = 0.001 for each)
and higher sodium levels (p = 0.029) compared to those not on AEDs (n = 33). Potassium levels
remained within normal limits across all groups.

Conclusion: Patients with prior epilepsy and those on AEDs are more likely to have electrolyte
imbalances, particularly involving calcium, magnesium, and sodium. These findings highlight the
importance of monitoring electrolytes in pediatric seizure patients, especially those with known
epilepsy or on medication.
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INTRODUCTION

An interruption in normal brain functions due to
unregulated or abnormal electrical discharge in the
brain, which often manifests as an intense
involuntary contraction of skeletal muscles, is called
a seizurel. In Pakistan, as per a cross-sectional study
conducted with 600 children in the pediatric ward
of Civil Hospital Karachi, the prevalence of seizures
was 22% 2. Generalized tonic-clonic seizures were
seen in 52.3% of the children, and the study
concluded that there is a high prevalence of
epilepsy among the pediatric population in
Pakistan®“. In contrast, the incidence of epilepsy in
children is 2 - 5 % in Europe & America, 1% in China,
and 8 % in Japan®®. The prevalence of non-epileptic
seizures in the pediatric population in Pakistan is not

documented. A patient with untreated or
unrecognized seizure may suffer from a high
morbidity or mortality rate due to its quick

conversion into generalized convulsive, or more
frequently non-convulsive, status epilepticus’®.

Depending on the origin of electrical activity, there
are two major classes of seizures, i.e., focal, which
involves a specific region of the brain, and
generalized, which involves both sides of the brain.
Depending on the extent of involvement, seizures
may be tonic, clonic, tonic-clonic, or myoclonic®.
Tonic seizures are associated with impaired
consciousness due to sudden muscle stiffness,
resulting in falls. Clonic seizures correspond to the
rhythmic jerky contractions of muscles of the arms,
neck, and face. Myoclonic seizures can affect any
muscle group, but typically affect the arms with
short and sudden muscle contraction °.

Seizures are mostly caused by disorders of the
central nervous system. In general, common
etiologies of seizures are intracranial haemorrhage
(ICH), brain tumours, cerebrovascular events,
infections (the most common cause in critically ill
children), and intoxication!!. However, systemic
causes such as uremic encephalopathy, dialysis
disequilibrium syndrome, and electrolyte &
biochemical disturbances have also been
associated with seizures'?!3, Literature suggests that
some of the electrolyte imbalances responsible for
triggering seizures are sodium, potassium, calcium,
and magnesium!4. The effects of these electrolyte
imbalances are unpredictable and range from
non-specific features such as nausea and malaise,
to organ-specific presentations such as seizures, and
may even cause irreversible end-organ damage?®.
The purpose of this study is to determine the
frequency of electrolyte imbalance in patients
under the age of 18 years presenting to the
emergency department (ED) with seizures.

METHODS

This was a prospective cross-sectional study
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conducted at the ED of a tertiary care hospital in
Rawalpindi over 06 months (1st Jan - 30th June
2023). We obtained ethical approval from the
Institutional Review Board (IRB) Committee of
Combined Military Hospital Rawalpindi (Approval
No: 404 Dated: 4th January, 2023) After a thorough
literature search, a sample size of 16 was calculated
using a WHO calculator, keeping a 5% margin of
error, 95% confidence level, and prevalence of
9.99/1000 in Pakistan?.

Sampling was done using the non-probability
consecutive sampling technique. A maximum
number of available participants (40) during the
study period were recruited. The inclusion criteria
consisted of patients presenting with seizures, under
the age of 18 years. Patients with acute head injury,
pseudoseizures, intracranial malignancy, and those
unwilling to participate in the study were excluded.
After receiving informed parental consent, patients
were enrolled in the study, and data were

collected. Information on demographics (age,
gender), pre-existing history of seizures/epilepsy,
anti-epileptic  drug (AED) use, medication
compliance, clinical presentation, and routine
laboratory test and toxicology screen was
collected.

Lab investigations included renal function tests
(RFTs), serum electrolytes (sodium, potassium,
calcium, and magnesium), and a complete blood
count (CBC). The patient’s history, physical
examination, and investigation results were
analyzed to identify the underlying causes of the
seizures.

The precipitating factors for the seizures were
classified into three categories: (i) drug withdrawal
(AED discontinuation within 48 hours), (ii)systemic
infections, and (iimetabolic/ electrolyte
disturbances. Patients with no apparent initial cause
of the seizure were labeled as ‘unknown etiology’
until further workup and final diagnosis at a later
stage.

Statistical Package for Social Sciences SPSS version
21.0 was used for data analysis. A calculation of
mean and standard deviation was done for age,
serum calcium, and magnesium (numerical
variables), whereas for categorical variables,
including gender, serum calcium, and magnesium
(normal, low, high), known epileptics, epileptics on
AEDs, and drug withdrawal, percentage and
frequency were presented.

The independent samples T-test was applied to
determine the statistically significant difference in
means of serum electrolytes between groups based
on the history of epilepsy, AED usage, and type of
epilepsy. A Chi-square test was applied to
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determine the cross-tabulation of different levels of
serum electrolytes between these three groups. A
p-value of <0.05 was considered statistically
significant.

RESULTS

Out of the total 40 patients included in the study, 23
(57.5%) were male and 17 (42.5%) were female. The
mean age of the study participants was 11.08+4.47
years. 16 ( 40%) patients had a previous history of
seizures, while 24 (60%) presented with a first-time
seizure. Out of the 16 patients with a known previous
history of seizures, 14 were diagnosed with epilepsy,
and only 7 were using anti-epileptic medication. The
rest of the patients were either non-compliant with
medication or their medication had been stopped
by the neuro physician due to a seizure-free interval.
None of the patients included in the study were on
any electrolyte supplements.

Cross-tabulation analysis was performed to
evaluate the distribution of serum calcium, sodium,
magnesium, and potassium levels among known
epileptics and those with first presentation of
seizures. The overall significance of the differencesin
distribution was assessed using p-values. The results

are summarized in Table 1.

Among known epileptics, 57.1% had low serum
calcium levels, 35.7% had normal levels, and 7.1%
had high levels. In the previously undiagnosed
group, 19.2% had low calcium, 34.6% had normal
levels, and 46.1% had high levels. The difference
between the groups was statistically significant
(p=0.016), indicating low calcium levels in known
epileptics and higher calcium levels in first-time
seizure patients.

For serum magnesium, 42.9% of known epileptics
had normal levels, and 57.1% had low levels. None
had high levels. Among the undiagnosed group,
none had low magnesium, 84.6% had normal levels,
and 15.4% had high levels. This difference was also
significant (p=0.001), showing lower magnesium
levels in known epileptics and higher levels in
first-time seizure presentations.

Regarding serum sodium and potassium, the
differences between the two groups were not
statistically significant (p=0.222 for sodium and
p=0.386 for potassium).

Table 1: Cross-Tabulation of Different Electrolytes in Patients with Diagnosed and Undiagnosed Cases of

Epilepsy

0.016*

seizures
n =26

Known epileptic
(n=14)

8 (57.1%)

Known epileptic 8 (57.1%) 5 (35.7%) 1(7.1%)
(n=14)

Previously undiagnosed

/First presentation with 5 (19.2%) 9 (34.6%) 12 (46.1%)

6 (42.9%)

0.001*
0 (0%)

Previously undiagnosed
/First presentation with
seizures

(n =26)

0 (0%)

22 (84.6%)

4 (15.4%)
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0.222

Known epileptic 2 (14.2%) 5(35.7%) 7 (50.0%)
(n=14)

Previously undiagnosed

/First presentation with 6 (23.1%) 14 (53.8%) 6 (23.1%)

seizures

0.386

Known epileptic 5 (35.7%) 8 (57.1%) 1(7.1%)
(n=14)

Previously undiagnosed
/First presentation with
seizures

(n =26)

5 (19.2%) 16 (61.5%) 5 (19.2%)

Table 2: Mean Values of Different Serum Electrolyte Levels

Sodium
(normal range: 135 to 145 mmol/L) 141.13 (9.85) mmol/L
Potassium

+
(normal range: 3.5 to 5.0 mmol/L) 4.23 (+0.94) mmol/L
Calcium

(normal range: 2.12 to 2.55 mmol/L) 2.40 (+0.39) mmol/L

Magnesium -
(normal range: 0.70 to 0.91 mmol/L) 1.83 (£0.28)mmol/L

Table 2 presents the mean values of different serum electrolytes. The mean serum sodium level was 141.13
(¥9.85) mEq/L, which falls within the normal range of 135 to 145 mEqg/L. The mean serum potassium level was
4.23 (x0.94) mEg/L, within the normal range of 3.5 to 5.5 mEqg/L. For serum calcium, the mean value was 2.40
(x0.39) mmol/L, corresponding to the normal range of 8.5 to 10.5 mg/dL. Lastly, the mean serum magnesium
level was 1.83 (+0.28) mmol/L, within the normal range of 1.7 to 2.1 mg/dL.

Table 3: Independent samples T-test Between Means of Various Analytes Based on Groups

Calcium 2.13+0.28 25+0.36 0.001* 23+0.38 | 247+0.39 | 0.162 20+0.21 | 24+0.38 0.011*
Sodium 143.9+9.34 | 139.6 £9.96 0.190 142.9+9.5 | 139.9+10.0| 0.349 148.4+85 | 139.5+9.5 0.029*
Potassium 3.9+0.88 4.3 +0.96 0.193 40+086 | 43+1.0 0.398 43+0.97 |42+0.95 0.644

Magnesium 1.6+0.23 1.9+0.24 0.001* 1.7+£029 | 1.8%0.27 0.236 15+0.22 [1.8%0.26 0.006*

The overall mean values for serum electrolytes fall within their normal ranges, but independent samples T-
tests showed variations within specific patient groups, as shown in Table 3. Serum calcium and magnesium
levels were significantly lower among the groups. Known epileptic patients (n=14) had lower calcium levels
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compared to previously undiagnosed patients (n=26), with p=0.001 for calcium and p=0.001 for magnesium.
This supports the results observed in Table 1. Low calcium and magnesium levels were also noted in patients
using antiepileptic drugs (n=7) compared to those not using AEDs (n=33), with p=0.011 for calcium and
p=0.006 for magnesium.

Patients on AEDs have a mean sodium level of 148.4 + 8.5 mmol/L, which is significantly higher compared to
139.5 + 9.5 mmol/L in those not on AEDs (p-value: 0.029). This suggests that AED use is associated with
hypernatremia, with sodium levels slightly above the normal range. Serum potassium levels did not show
significant differences among groups and remained relatively consistent within normal ranges.

Table 4: Frequency of Different Electrolytes about The Use of Anti-Epileptic Drugs

Yes 5 (71.4%) 2 (28.6%) 0 (0%) 7 (17.5%)
No 8 (24.2%) 13 (39.4%) 12 (36.4%) 33 (82.5%)
Total 13 (32.5% 14 (35.0% 13 (32.5% 40 (100%
Yes 4 (57.1%) 3 (42.9%) 0 (0%) 7 (17.5%)
No 2 (6.1%) 27 (81.8%) 7 (12.1%) 33 (82.5%)

Total

Yes

6 (15.0%

0 (0%)

30 (75.0%

2 (28.6%)

4 (10.0%

5 (71.4%)

40 (100%

7 (17.5%)

No 8 (24.2%) 17 (51.5%) 8 (24.2%) 33 (82.5%)
Total 8 (20.0%) 19 (47.5%) 13 (32.5%) 40 (100%)
Yes 1 (14.3%) 5 (71.4%) 1 (14.3%) 7 (17.5%)

No 9 (27.3%) 19 (57.6) 5 (15.1%) 33 (82.5%)
Total 10 (25.0%) 24 (60.0%) 6 (15.0%) 40 (100%)

As shown in Table 4, a significantly higher proportion of individuals not using anti-epileptic drugs (AEDs) had
normal levels of serum electrolytes compared to those using AEDs. Specifically, 39.4% of non-AED users had
normal calcium levels versus 28.6% of AED users. For magnesium, 81.8% of non-AED users had normal levels,
compared to 42.9% of AED users. Sodium levels were normal in 51.5% of non-AED users, whereas only 28.6%
of AED users had normal sodium levels. 71.4% of patients on AED had high Sodium levels as compared to
those having high sodium levels without AED use. Lastly, 57.6% of non-AED users had normal potassium levels,

compared to 71.4% of AED users.

DISCUSSION

The results of our study show some degree of
association between serum electrolyte imbalances
and seizures. The observations can be divided into
two groups of patients based on their significance
and association with seizures as observed in the
present study, i-e, diagnosed and undiagnosed
cases of epilepsy, and patients using AEDs and
non-AED users. A study conducted on serum
calcium and magnesium abnormalities in epileptic
patients showed that calcium and magnesium
usually follow a similar pattern of low levels in
patients with epilepsy, which is also indicated by the
results of our study?’.

The results of our study show that patients
pre-diagnosed with epilepsy had significant
alterations in calcium and magnesium levels, with
p-values of 0.016 and 0.001, respectively. 57.1% of
the known patients of epilepsy had hypocalcemia
and hypomagnesemia, which shows an association
between serum levels and seizures. These findings
are also supported by a study conducted in Austria
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and Italy, which focused on acute symptomatic
seizures occurring in patients with electrolyte
disturbances?®.

The literature also shows that the mean total serum
calcium increased in patients after AED withdrawal,
suggesting that the use of AED can cause low
calcium levels 102021 Altered levels of electrolytes
were particulary common among patients using
AED medication. As observed in our study, 71.4% of
patients with hypocalcemia and 57.1% of patients
with hypomagnesemia were on AED medication.

Similar findings were observed in a study that
focused on serum calcium and vitamin D levels in
known epileptic patients and patients using AEDs.
Serum calcium levels were significantly low in
patients using one or more AEDs%. These findings
support our result that 71.4% of patients using AEDs
had lower calcium levels as compared to 24.2% of
patients having low calcium levels but not using
AEDs.
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However, in our observations, imbalances in serum
sodium and potassium levels were not found to
have any significant association with seizures or
history of epilepsy. High serum sodium levels were
observed in patients using AEDs. Contrary to these
observations, a study conducted in the USA
observed low levels of sodium with the use of
anti-epileptic drugs. Acute hyponatremia often
develops within <48 hours of AED intake®. Severe
hypernatremia, although less common than
hyponatremia, can also trigger seizures?.

Alterations in potassium levels also showed an
association with seizures in some studies®.
Hypokalemia does not directly cause seizures.
However, hyperkalemia directly contributes to
seizure activity by altering neuronal excitability®. The
lack of association between sodium and potassium
imbalances with seizures in our study can be
attributed to the small sample size and limited
population, and resources.

The results of our study show some degree of
association between serum electrolyte imbalances
and seizures, especially in patients with known
epilepsy and those using AEDs. Our findings align
with existing studies suggesting lower calcium and
magnesium levels in epilepsy patients. However, we
also found that sodium and potassium levels did not
show a significant association with seizure
presentations, possibly due to the limited sample size
and population.

Our study offers a unique perspective by specifically
investigating pediatric patients presenting with
seizures in a Pakistani tertiary care emergency
department. Unlike most existing literature that
concentrates on adult populations or does not
differentiate between first-time seizures and known
epilepsy, our work provides updated,
region-specific data for the pediatric population. A
novel finding of our study is the trend of
hypernatremia in patients on AED therapy, which

contrasts with  previous studies emphasizing
hyponatremia as a common complication.
Moreover, the significant  prevalence  of

hypocalcemia and hypomagnesemia among
known epileptic patients and those using AEDs
points to an under-recognized mechanism
contributing to seizure exacerbation in this
demographic. These insights highlight the
importance of careful electrolyte monitoring in
pediatric seizure management, particularly in
low-resource settings like Pakistan, where such data
are sparse. This study focused on patients below 18
years of age. The adult population was not
included. Thus, the results cannot be generalized to
adults. The study was conducted in a single
healthcare facility with a limited sample size. Further
large-scale qualitative and quantitative studies are
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required to validate its results.

CONCLUSION

The study conducted to determine the frequency of
electrolyte imbalances in patients presenting with
seizures to the emergency department shows
significant imbalances in serum calcium and serum
magnesium levels. Low calcium and magnesium
levels were observed in known epileptic patients
and patients using anti-epileptic drugs as compared
to patients with first presentation of seizures or those
not using AEDs. Significantly high sodium levels were
observed in the group of patients using AEDs.
Potassium levels did not differ significantly across the
groups and remained within normal ranges. A
higher proportion of patients not taking AEDs had
normal electrolyte levels for calcium, magnesium,
sodium, and potassium. Owing to the limitations of
this study, including a small sample size and patient
age less than 18, further qualitative and quantitative
studies are recommended.

LIST OF ABBREVIATIONS

ICH: Intracranial Hemorrhage
ED: Emergency Department
AED: Antiepileptic Drugs

RFT: Renal functional Test
CBS: Complete blood count
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