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INTRODUCTION
Febrile seizures are one of the most common phenomena 
encountered in paediatric emergencies. A febrile seizure is defined 
as a seizure that occurs in children between the ages of 6 
and 60 months (with a peak incidence at 12-18 months) and is 
associated with a temperature of 38°C (100.4°F) or higher. These 
seizures are not due to a central nervous system infection or any 
metabolic imbalance and there is an absence of a history of afebrile 
seizures in the past [1].

It is documented that 2% to 5% of children under the age of 5 
experience febrile seizures [2], with a peak incidence occurring at 
12-18 months [3]. The rate of recurrence of febrile seizures has been 
reported to range from 20% to 50% [4-6]. They are classified as 
“simple febrile seizures” if they are brief (lasting less than 15 minutes) 
with no lateralising features, or as “complex febrile seizures” if they 
are prolonged (lasting more than 15 minutes), have focal features, or 
recur within 24 hours [5]. Although most febrile seizures are benign, 
one-third of them are classified as ‘complex’ [3,7].

It is known that changes in pH and hypocarbia play a central role in 
the control of seizure activity in the brain. Alkalosis and hypocarbia 
are known to enhance neuronal excitability and promote epileptiform 
activity, both in-vitro and in-vivo [8]. Hyperventilation, which leads 
to a net loss of CO2 and consequent respiratory alkalosis, is a 
standard method to provoke absence seizures, complex partial 
seizures and other epileptiform manifestations in human patients. The 
hyperventilation-induced Electroencephalography (EEG) changes are 
more pronounced in children than in adults [9]. Various procedures 

that decrease brain pH levels can suppress neuronal excitability and 
thus reduce seizure activity [10].

There are only a few studies related to hypocapnia and its association 
with febrile seizures and most of them have been conducted outside 
India [11-14]. A study by Kilicaslan B et al., involving 36 children in 
Turkey, with 18 patients experiencing febrile convulsions as cases 
and 18 fever patients as a control group, revealed significantly 
lower pCO2 levels in the febrile seizure patients compared to the 
control group based on venous blood sampling taken one hour 
later; however, no significant difference in pH was observed [11]. 
An Egyptian study by Marzouk H, which included 43 children with 
22 febrile seizures and 21 controls, showed a significant difference 
in mean blood pH and pCO2 levels [12]. Another study from Iran 
by Arshi S et al., involving 44 children with febrile convulsions and 
39 controls, found significant hypocapnia in the febrile seizure group 
compared to the controls [13].

Only one Indian study was identified after an extensive literature 
search, conducted by Sachan D and Goyal S, involving 45 children. 
In this study, venous blood gas pH and pCO2 values were measured 
within two hours and after two hours of the seizure episode. A total 
of 91% of children exhibited hypocapnia after a febrile seizure, which 
was significant; however, no significant difference in pH values was 
noted [15]. The lack of data from this eastern part of India inspired 
us to plan the present study.

With this background, the present study was designed to investigate 
blood pH and pCO2 levels in febrile children and to correlate these 
parameters with the occurrence of febrile seizures.
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ABSTRACT
Introduction: Febrile seizures commonly occur in the age group 
of six months to five years. Hypocarbia and alkalosis are known 
to enhance neuronal excitability and promote epileptiform 
activity. Neuronal excitability and seizure activity are strongly 
suppressed by various manoeuvre that lead to a decrease in 
brain pH, including exposure to elevated Carbon Dioxide (CO2) 
levels, which results in hypercapnia.

Aim: To study blood pH and partial pressure of Carbon Dioxide 
(pCO2) levels in febrile children and to correlate these parameters 
with the occurrence of febrile seizures.

Materials and Methods: This cross-sectional study was conducted 
in the Department of Paediatrics at Dr. BC Roy Postgraduate 
Institute of Paediatric Sciences, Kolkata, West Bengal, India, 
from January 2019 to December 2019. Infants and children aged 
six months to five years with clinical features compatible with the 
diagnosis of febrile seizures were enrolled as cases, while children 
with fever but without convulsions were included as controls. A total 
of 50 children were selected as cases and 50 as controls. Venous 
blood gas analysis was performed within one hour and 24 hours 

after the onset of seizures in cases and one hour after the febrile 
episode in controls. Data were statistically analysed using t-tests, 
one-way analysis of variance, Chi-square tests, or Fisher’s exact 
test. A p-value ≤0.05 was considered statistically significant.

Results: The mean age of the febrile seizure cases was 24±16 
months, while that of the controls was 31±23 months. Of the 
cases, 40 (80%) were male and 33 (66%) of the controls were 
male. The blood pH of cases within one hour of the febrile 
seizure was (mean±SD) 7.43±0.03 (indicative of respiratory 
alkalosis) and 24 hours after the febrile seizure, it was 7.41±0.05, 
showing a significant difference (p=0.017). The blood pCO2 
of cases measured within one hour of the febrile seizure was 
(mean±SD) 30±5 (indicative of hypocapnia), while the pCO2 
of controls measured one hour after the febrile episode was 
36.5±6.5 mmHg. A significant difference (p<0.0001) was found 
between these two pCO2 values.

Conclusion: Respiratory alkalosis and hypocapnia are associated 
with febrile seizures. Medical carbogen may be used as treatment 
or prophylaxis for febrile seizures; however, further studies are 
required to establish this.
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The blood pH of cases within one hour of the febrile seizure was 
7.43±0.03 and 24 hours after the seizure, it was 7.41±0.05. 
A significant difference (p=0.017) was observed between the 
pH measured within one hour of the febrile seizure and the pH 
measured 24 hours later. The blood pH of cases within one hour 
of the febrile seizure was 7.43±0.03, while the pH of controls 
measured one hour after the febrile episode was 7.4±0.05. The 
difference (p=0.09) between these two pH values was not significant 
[Table/Fig-3].

MATERIALS AND METHODS
The present cross-sectional study was conducted in the Department 
of Paediatrics at Dr. BC Roy Postgraduate Institute of Paediatric 
Sciences, a tertiary care paediatric hospital in Kolkata, West Bengal, 
India, from January to December 2019, lasting for a period of one 
year. The study was initiated after obtaining informed, written consent 
from the parents and ethical clearance from the Institutional Ethics 
Committee (No. BCH/ME/PR/-3734).

inclusion criteria: Infants and children from all backgrounds, 
irrespective of sex, religion, residence, or socio-economic status, 
aged six months to five years with clinical features compatible with 
the diagnosis of febrile seizures [1], were enrolled as cases. These 
children were admitted to the study Institute. Febrile seizures were 
diagnosed if a child exhibited fever (temperature >37.8°C) not 
caused by meningitis, encephalitis, or any other condition affecting 
the brain and were otherwise neurologically healthy, without 
any neurological abnormalities identified through examination or 
developmental history [1]. Additionally, children aged six months to 
five years with fever but without convulsions were included in the 
study as controls.

exclusion criteria: Children with seizures occurring in the context 
of fever caused by meningitis, encephalitis, or any other illness 
affecting the brain, as well as those presenting more than one hour 
after the seizure episode, were excluded from the cases. Children 
with fever and respiratory distress and/or gastroenteritis were 
excluded from the controls.

Sample size calculation: Sample size was calculated according to 
the following formula:

n=z2 p (1-p)/c2 and it was 50.

n=required sample size, z=confidence level at 95% (standard value 
of 1.96)

p=estimated prevalence of disease 4.2 [16], c=margin of error at 5%.

Estimated sample size 63

50 cases and 50 controls were taken for the study.

Study Procedure
All cases were evaluated clinically. Information regarding demographic 
data, including age, sex, religion and type of seizure, was collected 
and examinations were conducted to identify cases of febrile 
seizures. For the present study, the following measures were 
undertaken:

1. Measurement of axillary temperature using a digital thermometer, 
placed in the axilla for one minute.

2. Venous blood gas analysis [12,13] was performed within one 
hour and 24 hours after the onset of seizures in cases and 
one hour after the febrile episode in controls.

For venous blood gas analysis, a 0.2 mL blood sample was collected 
from a peripheral vein using a heparinised syringe, which was then 
analysed using the OPTI Clinical Chemistry Analyser-Test System 
(OPTI CCA-TS) blood gas analyser. All aseptic precautions were 
taken during peripheral venous blood collection. The results were 
compared with standard values: venous blood pH of 7.31-7.41 and 
pCO2 of 40-50 mm Hg [14].

STATISTICAL ANALYSIS
For statistical analysis, data were entered into a Microsoft Excel 
spreadsheet and subsequently analysed using Statistical Package 
for the Social Sciences (SPSS) (version 25.0; SPSS Inc., Chicago, 
IL, USA) and GraphPad Prism version 5. Data were summarised as 
mean and standard deviation for numerical variables and count and 
percentages for categorical variables. Two-sample t-tests were used 
to assess the difference in means between independent samples or 

unpaired samples. One-way analysis of variance (one-way ANOVA) 
was employed to compare the means of three or more samples 
for numerical data (using the F distribution). Unpaired proportions 
were compared using the Chi-square test or Fisher’s exact test, as 
appropriate.

Once a t-value is determined, a p-value can be derived using a 
table of values from the Student’s t-distribution. A p-value of ≤0.05 
was considered statistically significant.

RESULTS
In the present study, 50 children were designated as cases and 
50 as controls. The mean age of the febrile seizure cases was 
24±16 months, while for the controls it was 31±23 months. There 
was no statistically significant difference in age between the cases 
and controls. Among the 50 cases, 40 (80%) were males and 
10 (20%) were females. In the control group, 33 (66%) were males 
and 17 (34%) were females. No significant differences (p=0.115) 
were found between cases and controls regarding sex. Among 
the cases, 14 were Muslim and the remainder were Hindu. In the 
control group, 11 were Muslim and 39 were Hindu. The mean 
temperature of the febrile seizure patients was 39.3±1.2°C, while 
for the controls it was 39.6±1.5°C. No statistically significant 
difference (p=0.272) was found between cases and controls 
regarding mean temperature [Table/Fig-1].

Variables Cases (n=50) Controls (n=50) p-value

Age (months) (Mean±SD) 24±16 31±23 0.080

Gender
Male 40 (80%) 33 (66%)

0.115
Female 10 (20%) 17 (34%)

Religion
Hindu 36 39

0.490
Muslim 14 11

Temperature (°C) 39.3±1.2 39.6±1.5 0.272

[Table/Fig-1]: Distribution of age, sex, religion and temperature in participants.

Variables n (%)

Type of seizure
GTCS 49 (98)

Focal seizures 1 (2)

Duration >15 minutes <15 minutes 
11 (22)

39 (78)

Past history of febrile seizure 16 (32)

History of febrile Seizures in parents 5 (10)

Preterm 3 (6)

[Table/Fig-2]: Data from participants’ clinical histories.

Among the 50 cases, 49 (98%) children experienced Generalised 
Tonic-Clonic Seizures (GTCS) and 1 (2%) child had focal seizures. 
Additionally, 11 (22%) patients had prolonged seizure episodes 
(lasting more than 15 minutes), while the remaining 39 (78%) had 
seizures lasting less than 15 minutes. A total of 16 (32%) patients 
had a past history of febrile seizures. A total of 5 (10%) patients 
reported a history of febrile seizures in their parents, 3 (6%) of them 
were preterm and no mothers reported any comorbidities during 
pregnancy [Table/Fig-2]. Patients with active convulsions were 
managed with benzodiazepines. 
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The pCO2 value of cases measured within one hour of the febrile 
seizure was 30±5 mmHg and after 24 hours, it was 34±5 mmHg. 
A significant difference (p=0.0001) was found between these two 
pCO2 values. The blood pCO2 of cases measured within one hour 
of the febrile seizure was 30±5 mmHg, while the pCO2 of controls 
measured one hour after the febrile episode was 36.5±6.5 mmHg. 
A significant difference (p<0.0001) was found between these two 
pCO2 values. There was also a significant difference (p=0.0484) 
between the pCO2 of cases (34±5 mmHg), measured 24 hours 
after the febrile seizure and the pCO2 of controls (36.5±6.5 mmHg), 
measured 24 hours after the febrile episode [Table/Fig-3].

DISCUSSION
Febrile seizures are the most common cause of seizures among 
children. The exact pathogenesis is unknown but is thought 
to involve factors such as genetic predisposition and various 
alterations [17]. In the present study, the authors enrolled 50 cases 
of febrile seizures and 50 controls (fever without convulsions). They 
measured pH and pCO2 in the cases within one hour and after 
24 hours of the febrile seizure and in the controls one hour after the 
febrile episode.

In the present study, the mean age of the febrile seizure cases 
was 24±16 months, while for the controls it was 31±23 months. 
There was no statistically significant difference (p>0.05) between 
the cases and controls regarding age. Kilicaslan B et al., conducted 
a study where the mean age of patients with febrile seizures was 
20.8±7 months [11]. In another study by Namakin K et al., the mean 
age of febrile seizure cases was reported as 24.1±13.4 months 
[17]. These findings are consistent with those of the present study.

In the present research, among the 50 cases, 40 (80%) were male 
and 10 (20%) were female. Among the 50 controls, 33 (66%) were 
male and 17 (34%) were female. There were no significant differences 
(p=0.115) between the cases and controls regarding sex. A study 
by Nickavar A et al., enrolled 70 male and 55 female patients with 
febrile seizures [18]. Usha KC and Suresh R enrolled 35 male and 
25 female febrile seizure patients in their study [19]. These studies 
also indicate a male predisposition for febrile seizures, similar to the 
present findings.

The mean temperature of patients with febrile seizures was 
39.3±1.2°C, while that of the controls was 39.6±1.5°C. No statistically 
significant difference (p=0.272) was found between the cases and 
controls regarding mean temperature. Similarly, Marzouk H showed 
that there was no significant difference between the febrile seizure 
cases and the controls concerning mean temperature (p=0.3) [12]. 
Kilicaslan B et al., also found that the difference between the mean 
temperature of febrile seizure cases and controls was not significant. 
The present study findings corroborate those of this study [11].

In the present study, the mean blood pH of cases measured within 
one hour of the febrile seizure was 7.43±0.03 and after 24 hours, 
it was measured at 7.41±0.05. There was a significant difference 
(p=0.017) between these two pH values. There was a significant 
difference (p=0.004) between the pH of cases measured within 
one hour of the febrile seizure (7.43±0.03) and the pH of controls 

taken one hour after the febrile episode (7.4±0.05). However, no 
significant difference (p=0.319) was found between the pH of cases 
measured 24 hours after the febrile seizure (7.41±0.05) and the 
pH of controls (7.4±0.05). Marzouk H found a significant difference 
(p<0.001) between the pH of cases measured within one hour of 
the febrile seizure (7.47±0.06) and the pH of controls measured one 
hour after a febrile episode (7.37±0.03) [12]. This result aligns with 
the present findings. Schuchmann S et al., conducted a study where 
they observed that respiratory alkalosis (pH 7.46±0.04) occurred 
in children with febrile seizures, with pH measured immediately 
after admission [20]. Respiratory alkalosis was also detected in the 
present study, measured one hour after the febrile seizure episode. 
Arshi S et al., conducted a study that reported a statistically 
significant difference between the pH of febrile seizure patients 
(pH=7.41) and the pH of patients with simple fever (pH=7.39) [13]. 
The comparison of these two groups yielded p=0.011. The present 
study also produced similar results.

Sachan D and Goyal S found that there was no statistical 
significance between the pH in samples drawn within two hours 
of the seizure (7.43±0.05) and the pH in samples drawn two hours 
after the seizure (7.41±0.04) [15]. They did not find any statistical 
significance (p=0.209) between these two pH values, perhaps 
because they measured the second pH value too early. Kilicaslan B 
et al., conducted a study which reported no statistical significance 
(p=0.29) between the pH of cases (7.39±0.05) measured 24 hours 
after the febrile seizure and the pH of controls (7.37±0.05) [11]. The 
present study findings (p=0.31) corroborate these results.

In the present study, the mean blood pCO2 of cases measured 
within one hour of the febrile seizure was 30±5 mmHg, while the 
pCO2 measured after 24 hours of the febrile seizure was 34±5 
mmHg. A significant difference (p<0.001) was observed between 
these two pCO2 values. There was also a significant difference 
(p<0.001) between the pCO2 of cases measured within one hour 
of the febrile seizure (30±5 mmHg) and the pCO2 of controls taken 
one hour after the febrile episode (36.5±6.5 mmHg). A statistically 
significant difference (p=0.034) was found between the pCO2 of 
cases measured 24 hours after the febrile seizure (34±5 mmHg) 
and the pCO2 of controls (36.5±6.5 mmHg).

Marzouk H found a significant difference (p<0.001) between the 
pCO2 of cases measured within one hour of the febrile seizure 
(29.89±2.98 mmHg) and the pCO2 of controls measured one hour 
after a febrile period (37.98±3.9 mmHg) [12]. The present study 
corroborates this finding. Schuchmann S et al., conducted a study 
where they found hypocapnia (pCO2 29.5±5.5 mmHg) in children 
with febrile seizures; the pCO2 was measured immediately after 
admission. Hypocapnia in venous blood was also observed in the 
present study, measured one hour after the febrile seizure [20].

Arshi S et al., conducted a study that reported a statistically significant 
difference between the pCO2 of febrile seizure patients (pCO2=28.4 
mmHg) and the pCO2 of patients with simple fever (pCO2=33.4 
mmHg) [13]. The comparison of these two groups yielded p=0.011. 
The present study also produced comparable results. Sachan D 
and Goyal S found a statistically significant difference (p=0.001) 
between the pCO2 in samples drawn within two hours of the seizure 
(23.24±3.44 mmHg) and the pCO2 in samples drawn two hours 
after the seizure (29.29±4.99 mmHg). The present study results are 
related to the findings of this study [15].

Kilicaslan B et al., conducted a study in which there was a 
statistical significance (p=0.006) between the pCO2 of cases 
(29.28±7.3 mmHg) measured one hour after the febrile seizure and 
the pCO2 of controls (37.28±8.98 mmHg) [11]. The present study 
findings (p<0.001) corroborate this result. A comparison of the 
findings from the present study with contrasting studies is shown 
in [Table/Fig-4] [11-15,20].

Variables Cases (mean±Sd) Controls (mean±Sd) p-value

pH (1 h) 7.43±0.03 7.4±0.05 0.9

pH (24 h) 7.41±0.05 7.4±0.05 0.3198

p-value 0.017 -

pCO2 (1 h) 30±5 36.5±6.5 <0.0001

pCO2 (24 h) 34±5 36.5±6.5 0.0484

p-value 0.0001 -

[Table/Fig-3]: Comparison between pH and pCO2 of cases and controls within 
one hour and 24 hours. Unpaired t-test was applied to calculate the p-value.
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Limitation(s)
The study was conducted in only one tertiary care hospital, making it 
a single-centre study; therefore, hospital bias cannot be ruled out.

CONCLUSION(S)
Respiratory alkalosis followed by hypocapnia may be a mechanism 
contributing to the occurrence of febrile seizures. Hypocapnia is a 
probable precipitating factor for febrile seizures, as demonstrated in 
the present study. Effective and early control of fever is one of the 
most important methods to prevent febrile seizures by decreasing 
tachypnoea, thus reducing CO2 washout (hypocarbia). Measures to 
reduce hypocapnia could be a useful treatment approach for febrile 
seizures; however, this requires detailed multicentre studies with 
larger sample sizes.
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