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ABSTRACT 

 

Objectives: We undertook this study to describe 

the clinical-etiological profile of children less 

than 12 years age with Status Epilepticus (SE) 

and to study the risk factors and etiologies 

associated with refractory status epilepticus 

(RSE), outcome at end of hospital stay and 

predictors of favourable/unfavourable outcome 

in SE.  

Materials and Methods: Study design-

Hospital based Prospective observational study. 

Setting-Pediatric Intensive Care Unit of a 

tertiary care referral hospital in Kerala, India for 

a period of 1 year from April 2017 to April 

2018.  

111 children, less than 12 years age, admitted 

consecutively with SE were enrolled in the 

study. The information regarding the parameters 

in a structured proforma were collected by the 

primary investigator and entered after careful 

examination and appropriate investigations. 

Final outcome at the end of hospital stay was 

noted. The data collected were analyzed to 

identify significant factors which may predict 

the outcome and the risk factors associated with 

RSE. 

Statistical Analysis: Data collected were 

entered in Microsoft Excel Sheet-2013.Analysis 

was done using Statistical Package for Social 

Sciences software(IBM SPSSv24).Quantitative 

variables were summarised as mean and SD and 

categorical variables as proportions. For testing 

significance of association, Chi square test was 

done for categorical variables and Independent 

T-test was done for continuous variables. P 

value<0.05 was considered significant. The odds 

ratio with 95% confidence interval of each of 

the dichotomous variables by univariate analysis 

were determined. 

Results: SE was found to be more common in 

1-6 years age group followed by infancy. 51.4% 

of cases were boys and 48.6% were girls. Most 

common cause of status was febrile status 

followed by meningoencephalitis. Anemia was 

significantly associated with RSE (p-

value=0.001) and was found to be a risk factor 

(odds ratio=8.68). 9 (8.1%) children expired. 

Unfavourable outcome was observed more in 

children who remained pain responsive or 

unresponsive 6 hours after seizure control, 

which was significant (p value<0.01). Delay in 

initiation of first anti-epileptic drug (AED) was 

significantly associated with progression to RSE 

and unfavourable outcome. 

Conclusion: We found that anemia and delay in 

initiation of first AED was significantly 

associated with RSE. There was also significant 

association between unfavourable outcome and 

children who remained pain-responsive or 

unresponsive 6 hours after seizure control. 

 

Keywords- anemia, antiepileptic, febrile status, 

meningitis, mortality  
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INTRODUCTION  

Status epilepticus (SE) is the most 

common neurological emergency in 

childhood and, although treatment advances 

have been made, is associated with 

substantial morbidity and mortality 
[1,2]

. 

Status cases referred to a tertiary care centre 

usually will reflect the severe end of the 

spectrum .Thus data from admissions to 

Pediatric Intensive Care Unit (PICU) for SE 

may provide some insight into determinants 

of severity of SE and facilitate development 

of appropriate strategies to reduce severity. 

Despite this, studies on admissions to PICU 

for SE in children are rare. Risk factors 

associated with refractory status epilepticus 

(RSE) are less clearly known in children. 

Also, most of the data about RSE is from 

developed countries and from 

epidemiological studies that included all 

types of SE (abortive and refractory) or 

combined data on adults and children 
[3,4]

.  

 

MATERIALS AND METHODS   

We conducted a prospective 

observational study of all consecutive 

children upto 12 years of age admitted with 

status epilepticus in PICU of a tertiary care 

referral centre in Kerala, India, for a period 

of 1 year from April 2017 to April 

2018.Newborns (less than 1 month) were 

excluded. 

 

Definitions 

  The most widely used definition for 

SE was “a seizure lasting more than 30 

minutes or recurrent seizures for more than 

30 minutes during which the patient does 

not regain consciousness” 
[5,6]

. More 

recently, an operational definition has been 

suggested for adults and children. In this, 

SE is defined as seizures lasting for more 

than 5 minutes or recurrent epileptic activity 

over a period of more than 5 minutes 

without regaining pre-existing level of 

consciousness
[7,8].

In our study, we used this 

operational definition because according to 

current treatment protocols, once a seizure 

lasts for more than five to ten minutes, it is 

unlikely to stop spontaneously within the 

next few minutes and intervention is 

indicated 
[1,2,7-9].

Also it has been found that 

prolonged ictal activity, whether it is 

associated with clinical seizures or not, 

causes excitatory aminoacid neurotoxicity 

mediated death 
[10]. 

The use of the 

operational definition allows early treatment 

(starting at 5-10 min) 
[7-10]

. 

Refractory seizures are defined as 

seizures that persist despite the 

administration of two appropriate 

anticonvulsants (one first line eg: 

benzodiazepine and another antiepileptic 

drug) at acceptable and appropriate doses 
[7-

10]
. Super-refractory seizures are defined as 

seizures that continue 24 hours or more after 

the onset of anesthesia, including those 

cases in which the status epilepticus recurs 

on reduction or withdrawal of anesthesia 
[8,11]

. Febrile status epilepticus is defined as 

status epilepticus in a child aged 1 month to 

5 years that also meets the definition of a 

febrile seizure 
[12].

 
 

Age group was classified into less 

than 1 year, 1-6 years and 6-12 years. This 

was done keeping in mind the higher 

incidence of status in infants according to 

literature and to compare the age group in 

which febrile seizures is most common (1-6 

years). After careful examination and 

appropriate blood investigations, data were 

analyzed and entered. Cerebrospinal fluid 

(CSF) examination was done in a febrile 

child, after stabilizing the child and 

excluding raised intracranial tension. CSF 

examination was also done in infants less 

than 6 months as signs of meningitis may 

not be clearly demonstrated in this age 

group and fever also may not be present. 

Computed Tomography (CT) /Magnetic 

Resonance Imaging (MRI) were done in all 

cases depending on child’s condition. All 

children with RSE were subjected to 

ElectroEncephaloGraphy (EEG). Sensorium 

was assessed based on AVPU scale (A-alert, 

V-verbal, P-pain responsive, U-

unresponsive). 

Seizures were managed according to 

standard treatment guidelines 
[13]

. 
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Any complication occurring after 

administration of AEDs were considered as 

complications of drugs given. Final 

diagnosis and outcome at the end of hospital 

stay were noted. 

Institutional ethical committee 

clearance was obtained. Informed written 

consent was obtained from the caretakers in 

English and the regional language. No 

additional expenses were incurred for the 

patient. 

 

Statistical analysis 

Data collected using the 

prestructured proforma were entered in 

Microsoft Excel Sheet-2013. Analysis was 

done using Statistical Package for Social 

Sciences software (IBM SPSSv24). 

Quantitative variables were summarised as 

mean and SD and categorical variables as 

proportions. For testing significance of 

association, Chi square test was done for 

categorical variables and Independent T-test 

was done for continuous variables. P-

value<0.05 was considered significant. The 

odds ratio with 95% confidence interval of 

each of the dichotomous variables by 

univariate analysis were determined. 

 

RESULTS 

A total of 111 children satisfying the 

inclusion criteria were enrolled during the 

study period (n=111). Majority (57) of 

subjects (51.4%) were boys. Minimum age 

studied was 9 months and maximum age 

was 12 years. Majority (53) of children were 

between 1-6 years (47.7%) followed by 

infancy-44(39.6%). Mean age was 2.9 years 

with standard deviation of 3.03. 

80(72.1%) had  Generalized Tonic 

Clonic Seizures(GTCS),21(18.9%) had 

focal seizures,and10( 9 %) started as focal 

and progressed to GTCS.41(36.9%)had past 

history of seizures, of which 20(48.8%) 

were febrile and 21(51.2%) 

afebrile.61(54.9%) of the total 111 subjects 

had family history of seizures, of which 

majority 47(77%) had family history of 

febrile seizures.80 children(72%) were 

referred from various primary and 

secondary care hospitals, both from 

government and private sector.75(93.8%) of 

the children who were referred had been 

given 1st dose of AED from referring 

hospital. 

81 cases of status were refractory 

(72.9 % of total), and 5 cases were super 

refractory (4.5% of total). Refractory status 

was more common in boys, with age group 

upto 6 years but the association was not 

significant (p-value=0.304). 

Investigations done are summarized 

in Table 1. We also found that there is no 

significant association of refractory status 

with history of birth asphyxia, development 

delay, past history or family history of 

seizures, raised C-Reactive Protein (CRP) or 

abnormal brain imaging (Table 2) 

Sensorium was assessed based on 

AVPU scale. Six hours after seizure control, 

majority of children 53(47.7%) became 

verbal, 17(15.3%) became alert,39(35.1%) 

remained pain responsive and 2(1.8 %) 

remained unresponsive.  

We found significant association 

between anemia and refractory status (p 

value=0.001) and anemia was found to be 

risk factor for status becoming refractory 

(odds ratio=8.68) (Table 2) 

Raised CRP was significantly 

associated with meningitis than febrile 

status (p value=0.07) (Table 3). 

 EEG was done for 105(94.5%) 

children with status. This included all 

children with RSE. In some cases, EEG 

could be done only after status was 

controlled. 35(83.3%) of children with 

abnormal EEG had refractory status and the 

p value=0.05. 

MRI abnormalities detected were 

cortical hyperintensities seen in 12 children 

with meningoencephalitis (including 2 with 

Herpes Simplex Virus (HSV) encephalitis, 

while other children with Central Nervous 

System (CNS) infections had normal brain 

imaging. 

Regarding final diagnosis, majority-

51(45.9%) had febrile status followed by 

meningoencephalitis- 24(21.6%). Most 

common etiology in RSE also came out to 
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be febrile status 35(43.2 % of RSE) 

followed by meningoencephalitis-20 

((24.6% of RSE). 2 children had HSV 

encephalitis, 8 had CSF culture proven 

meningitis and others had presumed 

encephalitis. Autoimmune encephalitis and 

intracranial bleed were the least common 

causes. The other causes for status in our 

study are enumerated in Figure 1. 

 

 
Figure 1: Final Diagnosis 

 

Table 1: Laboratory profile of children with Status Epilepticus 

 No of Cases( n) Proportion of Cases(%) 

Anemia* (WHO Criteria) 33 29.7 

Leucocytosis (TC# >11x103 /L) 44 39.6 

Leucopenia (TC# 
<4x10 

3
/L) 7 6.3 

Thrombocytopenia $ 7 6.3 

CRP^>0.6 Mg/dl 37 33.3 

Hypoglycemia (RBS≠ <54mg/dl) 6 5.4 

Hyperglycemia (RBS≠>180 mg/dl) 2 1.8 

Hypocalcemia (Corrected Ca<8.4mg/dl) 2 1.8 

Hyponatremia** 12 10.8 

Hypomagnesemia (Mg<1.5 mg/dl) 0 0 

Acute Kidney Injury## 6 5.4 

Abnormal liver function tests$$ 8 7.8 

INR^^  >1.5 8 7.8 

Abnormal Brain Imaging 30 29.7 

Abnormal EEG 42 37.8 

*WHO cut-off for anemia in different age groups; #TC:Total count; $Platelet count<1 lakh/cu mm; ^C-Reactive protein; ≠ Random Blood 

sugar<54mg/dL ; **Hyponatremia was reported as normal or abnormal based on the age- related normal range:<1 year -130 -145;>1 
year -137 -145; ##Acute kidney injury-based on pRIFLE criteria-all children satisfying criteria starting from risk according to the 

classification was grouped as having acute kidney injury [13] ; $$Liver function tests-reported based on age related standards of SGOT and 

SGPT and reported as abnormal if result more than 3 times baseline [14] ; ^^ INR >1.5 
 

Table 2: Factors associated with refractory status, including final outcome at discharge 

Variable Refractory  

n(%) 

Non refractory 

n(%) 

P value * Odds ratio (95% CI) 

Gender Boys 44(77.2) 13(22.8) 0.304 1.555 (0.669 - 3.617) 
 Girls 37(68.5) 17(31.5) 

Age group <_1yr 36(81.8%) 8(18%) 0.15  

1yr to 6 yrs 37(69.8%) 16(30.1%)  

6 yrs to 12 yrs 8(57.1%) 6(42.8%)  

Duration of seizures before 1st AED Less than 30 minutes 63(69.3%) 28(30.7%) 0.049  

More than 30 minutes 18(90%) 2(10%)  

Anaemia Present 31(93.9%) 2(6.1%) 0.001 8.68(1.93 - 39.014) 

Absent 50(64.1%) 28(35.9%) 

CRP Raised CRP 31(83.8) 6(16.2) 0.07 2.48 (0.224 - 1.116) 

Normal CRP 50(67.6) 24(32.4) 

Brain Imaging Abnormal 24(80%) 6(20%) 0.391 1.569 (0.558 - 4.408) 
 Normal 51(71.8%) 20(28.2%) 

EEG Abnormal 35(83.3%) 7(16.7%) 0.05 2.5(0.952 - 6.56) 

Normal 42(77%) 21(33.3%) 

Final outcome Unfavourable outcome 21(87.5%) 3(12.5%) 0.07 3.15 (0.86 - 11.46) 

Favourable outcome 60(68.9%) 27(31.03%)   

*Chi square test, p<0.05 considered significant 
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Table 3:Distribution of raised CRP( C-Reactive Protein) with  febrile status and meningoencephalitis 

 Febrile status Meningitis Total CHI SQUARE=21.795 

PVALUE<0.01 
ODDS RATIO=0.078 

95% CI=0.025 TO 0.25 

Raised CRP 8(16%) 17(70.8%) 25 

Normal CRP 42(84%) 7(29.2%) 49 

Total 50(100%) 24(100%) 74 

Chi square=21.795,P value<0.01,odds ratio=0.078,95% CI=0.025 to 0.25. 

Raised CRP was significantly associated with meningitis (70.8%) than febrile status. 

The association is significant (p value<0.01) 

 

Table 4: Association between Delay in receiving 1st AED, refractory status,and outcome at discharge 

 Duration of seizures before 1st 

AED Less than 30 minutes 

Duration of seizures before 1st AED 

More than 30 minutes 

CHISQUARE 

 

P VALUE 

Refractory status 63(69.2%) 18(90%) 3.58 0.05 

Nonrefractory status 28(30.7%) 2(10%)   

Favourable outcome 75(82.4%) 12(60%)   

Unfavourable outcome 16(17.5%) 8(40%) 4.8 0.02 

 

25(22.5%) children required 

mechanical ventilation during PICU stay. 

At discharge, the children were 

grouped into those having favourable 

outcome (returned to normal or previous 

baseline) and those with unfavourable 

outcome (new FND or death). We found 

that 87 (78.4%) had favourable outcome 

while 24 (21.6%) had unfavourable 

outcome. Mortality rate was 9(8.1%). 

  Unfavourable outcome was more 

commonly associated with those children 

who remained pain responsive or 

unresponsive 6 hrs after seizure control. 

This association was significant (p 

value<0.01). Also, more children with 

unfavourable outcome (21 out of 24 ie 

87.5%) had refractory status than children 

with favourable outcome (60 out of 87 ie 

68.9%) (p value=0.07). 

Diazepam was the most common 1st 

AED given, before referral. Diazepam was 

used in 54(48.6%) subjects and lorazepam 

was used in 51(45.9%) subjects with only 

3(2.7%) using midazolam as 1st AED. 

Lorazepam was the most common 1
st
 AED 

given from the centre of study. 2
nd

 AED 

given from centre of study was fosphenytoin 

followed by levetiracetam. Of the children 

with refractory status, maximum- 54 of 

81(66.6%) were controlled with 

levetiracetam. Other AEDs which were used 

in our PICU were Phenobarbitone, 

Valproate, Thiopentone, Midazolam 

infusion and Lacosamide. Maximum 

number of AEDs for seizure control was 9 

drugs used for 1 child with idiopathic cause. 

 63 of 91(69.2%) children who 

received 1
st
 AED early (within 30 min of 

seizures) had refractory seizures and 16 of 

them (17.5%) had unfavourable outcome at 

discharge. In contrast, 18 of 20 (90%) who 

received 1
st
 AED late (after 30 minutes) had 

refractory seizures (p value=0.05) and 8 of 

20(40%) had unfavourable outcome at 

discharge (p value=0.02) (Table 2). 

Duration between 1
st
 and 2

nd
 AED was not 

found to significantly affect refractoriness 

(p value 0.07)  

 

DISCUSSION 

 Of the 111 children with status 

epilepticus we studied, majority (51.4%) 

were boys.1-6 years age group (47.7%) was 

found to be maximum(47.7%) affected 

followed by infancy(39.6).Various literature  

shows that incidence of convulsive status 

epilepticus is highest in younger age groups, 

which could be due to increased incidence 

of acute symptomatic causes in very young 

age group and also due to vulnerability for 

seizures in the immature brain.
[16,17]

 

 More than 90% subjects belonged to 

lower socioeconomic group, which may be 

due to the fact that the centre of study 

provides free care to children under various 

schemes sanctioned by the government.72% 

of children were referred from other 

peripheral hospitals. Except 5(6.2%) of the 

referred children, others (93.8%) had been 

referred after administration of 1st AED. 

 Majority (72.9%) of children in our 

study progressed to RSE. This may be 

because of the fact that duration of seizures 

was not considered to define RSE in our 
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study. A two year multi-centre study done in 

U.K. (Tully et al) used the same definition 

for refractory status as we used 
[18]

. In 

studies where definition of RSE had an 

additional criteria of lasting longer than 60 

minutes, percentage of children classified as 

RSE was less.
[19] 

 The most common cause of status in 

our study was febrile status (45.9%) 

followed by meningoencephalitis (21.6%). 

Most common etiology in RSE also came 

out to be febrile status followed by 

meningoencephalitis. In literature also, 

concordant with our study, most common 

cause of status epilepticus in children, 

especially less than 6 years age, is found to 

be febrile status. Younger children are more 

prone for febrile status and acute 

symptomatic etiology while older children 

are more likely to have remote or 

cryptogenic causes 
[16,18]

. In some studies, 

children with febrile status were included in 

the acute symptomatic group while in some 

other studies, these children were analysed 

separately because of lack of direct CNS 

involvement in febrile seizures 
[20]

. 
 

 As found in our study, evidence from 

literature shows that children with refractory 

status had more unfavourable outcome and 

mortality than those with abortive status 
[20,21]

. We also found that unfavourable 

outcome was more commonly associated 

with those children who remained pain 

responsive or unresponsive 6 hrs after 

seizure control. This association was 

significant (p value<0.01).More studies are 

warranted to use this as a criteria for 

predicting unfavourable outcome in status 

epilepticus. 
 

 We found that, though majority of our 

children had received 1
st
AED from referral 

centre, delay in receiving the 1
st
 AED 

significantly caused refractory seizures and 

unfavourable outcome at discharge. This 

delay was in majority of cases the time 

taken in travelling the distance from the 

patient’s homes to the nearest health care 

facility and then to our hospital. According 

to various literature, timely administration 

of AED from referring centre and thus 

avoiding delay in initiation of treatment 

significantly improved outcome 
[20,21]

.  

Suboptimally organized pre-hospital 

services greatly affect the evaluation, 

management and transport of the acutely ill 

child to an appropriate facility 
[19-21]

. 

 We found that there is significant 

association between anemia (in 93.9 %) and 

refractory status.  Anemia was found to be 

risk factor for status becoming refractory 

(odds ratio=8.68).  

 We also found that raised CRP was 

significantly associated with meningitis 

(70.8%) than febrile status (16%) (p 

value<0.01.). Other studies on RSE have not 

explored these parameters in blood 

investigations and more studies are required 

to validate the same. 

Mortality was 9(8.1%). Previous 

studies have reported mortality rates of 12 -

32% 
[17,20]

. Lower mortality rates have been 

reported in studies done, predominantly in 

western population 
[22]

. This difference in 

mortality could be due to the fact that in 

developing countries, children referred to 

tertiary centres have very severe/prolonged 

seizures, where initial management 

strategies tried at primary and secondary 

centres have failed. Also children in 

developing countries are at higher risk of 

acute symptomatic causes like CNS 

infections and these are associated with 

higher mortality. These children also have 

more complications during their delay in 

initiation of treatment 
[19-21]

. 

 83.3% of children with abnormal EEG 

had refractory status and the p value=0.05. 

 Not many studies on usefulness of 

EEG in pediatric SE are available. EEG 

abnormalities have been reported in ~90% 

children presenting with seizures, though 

these were done hours to days later 
[23].

 The 

information whether the seizure is focal or 

generalized is an important one when 

deciding chronic AED therapy for the 

patient. After convulsive seizures, one-third 

of children who undergo EEG monitoring 

are reported to have electrographic seizures, 

and among these, one-third experience 

entirely electrographic-only seizures
 [24].
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 Continuous EEG monitoring was not 

available in our centre. 

 

CONCLUSION 

 There is no significant association of 

refractory status with history of birth 

asphyxia, developmental delay, past 

history or family history of seizures, 

raised CRP or abnormal brain imaging. 

 Most common cause of SE and RSE was 

febrile status followed by 

meningoencephalitis. 

 Delay in initiation of first anti-epileptic 

drug was significantly associated with 

progression to refractory status and later 

unfavourable outcome. This was mainly 

due to time taken by the patient to reach 

the nearest health centre, which lends 

great importance in strengthening the 

prehospital care and first aid measures. 

 Anemia was significantly associated 

with refractory status (p value=0.001) 

and was found to be a risk factor (odds 

ratio=8.68) 

 Unfavourable outcome was more 

commonly associated with those 

children who remained pain responsive 

or unresponsive 6 hrs after seizure 

control. This association was significant 

(p value<0.01) 
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