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Abstract Background Convulsive status epilepticus (CSE) is a common neurological emergen-
cy with high mortality, morbidity, and poor quality of life. There is a paucity of follow-
up studies from developing nations in pediatric age group.
Objectives This article looks for clinico-etiological profile of CSE and estimates the
immediate and short-term mortality in children with CSE and its predictive factors.
Methodology This prospective longitudinal study was done at a tertiary care institute
of Northern India. The patients between the ages of 1 and 16 years with CSE were
enrolled after informed consent, they were observed in the hospital, and survived
patients were followed till 3 months after discharge.
Results A total of 200 patients (58% males) were enrolled. Acute symptomatic
(63.5%) was the most common etiology. Twenty-five (12.5%) patients died during
hospital stay; at discharge, 160 (80%) had good recovery and rest had a varying range of
disability. The predictive factors for poor outcome were female gender, duration of
CSE>1 hour at presentation, generalized seizures, Glasgow Coma Scale< 8 at
presentation, refractory status epilepticus, need for critical care support, and acute
symptomatic etiology. On follow-up, two patients died at 1-month and one at 3-month
follow-up, the cause of death was probably seizures in two patients and feed aspiration
in one patient. Seven patients deteriorated from good recovery scoring to moderate
disability during the time interval between first and second follow-up, none of them
reported apparent repeat seizures.
Conclusion Pediatric CSE is associated with immediate poor outcome; risk of death
and new disabilities persist after discharge thus proper follow-up is essential.
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Introduction

Convulsive status epilepticus (CSE) is a common pediatric
neurological emergency. It predisposes to increased risk of
short- and long-term mortality, poor neurocognitive out-
come, increased risk of subsequent epilepsy, and repeat
CSE.1–4 Themortality at discharge in resource-poor countries
ranges between 10 and 30%, whereas in developed nations it
is 2 to 7%.5–8 In a review by Sculier et al, long-termmortality
after status epilepticus (SE)was noticed up to 20% in children
and 55% in adults; in older studies mortality was higher
whereas in newer studies it was<5%.4 Pujar et al reported
11% case fatality rate on 8-year follow-up of childhood CSE.9

Around 20 to 50% patients can have a recurrence of SE, and on
long-term follow-up, 37% can have behavioral and 28%
psychiatric issues.1,10,11 The development of epilepsy after
SE has been found to be 13 to 74%.1 All these factors
predispose to poor quality of life in patients and heavy
economic burden on families and society. The outcome of
pediatric SE mostly depends upon the etiology, SE duration,
and age; though some factors operating in determining
prognosis are still uncertain.4,10

Follow-up studies are scarce from developing nations,
especially from the Indian subcontinent. In a study in the
adult population, around 70% patients had seizure recur-
rence on 1-year follow-up and 22% were severely dependent
for activities of daily living.12We conducted this study to see
immediate and short-term outcome in pediatric SE and
factors determining the prognosis.

Methodology

Study Design and Population
This prospective, single-center, longitudinal study was done
at a government medical college of Northern India. The
patients were enrolled after getting written informed con-
sent from their parents. The study was conducted over
21months from January 2017 to October 2018. A convenient
sample size of 200 patients was taken.

Inclusion/Exclusion Criteria
The parents of all patients with CSE between 1 and 16 years
of age presenting consecutively to the pediatric emergency
or pediatric intensive care unit were asked to participate in
the study. The known cases of cerebral palsy or degenerative
brain disorder were excluded. Those who refused consent
were also excluded.

Study Procedure and Data Collection
All new patients with CSE, fulfilling inclusion criteria during
data collection, were enrolled.

SE definition was taken as per the International League
Against Epilepsy 2015 guidelines and t2 (status lasting>30
minutes) was taken as the time point, since long-term
neuronal damage is supposed to occur after this point.13

Only patients with CSE were included. Refractory SE was
defined as prolonged seizures that did not stop after admin-
istration of two antiseizure medications with different

mechanisms of action or that need continuous administra-
tion of medication to abort seizures, regardless of seizure
duration. The following definitions for CSE were considered:
prolonged febrile seizures (PFS): SE in a previously neurologi-
cally normal child in the age group of 6 months to 5 years
during a febrile (temperature>38°C) illness and no evidence
of definite intracranial infection2; acute symptomatic CSE: SE
in a patient with no previous neurological abnormality,
within 7 days of an identified acute neurologic insult,
including pyogenic meningitis, viral encephalitis, metabolic
abnormalities, drug-related effects, head trauma, hypoxic or
anoxic event, or cerebrovascular disease2; remote symptom-
atic CSE: SE without any evidence of an identifiable acute
insult but with a history of a preexisting central nervous
system abnormality more than 7 days before an episode of
CSE2; and Unknown: SE not classifiable into any other
group.2,13

Clinico-demographic details were recorded on the prespe-
cified case record form. The baseline evaluation at the time of
enrolment was done by a physician/study investigator. A
structured institutional treatment regime to treat CSE was
followed. After taking care of airway, breathing, and circula-
tion, blood sugar levels were checked. Patients with seizure
>5minutes duration were given intravenous 0.2mg/kg diaz-
epam as bolus dose. If seizure persisted after diazepam,
intravenous phenytoin 20mg/kg was given in a slow intrave-
nous infusion over 15 to 20minutes; if there was no
response, second loading with phenytoin 10mg/kg was given
10minutes after thefirst phenytoin loading. Patients inwhom,
status persisted, loading of 30mg/kg valproate was given. If
still unresponsive, intravenous levetiracetam 30mg/kg was
given. In patients with liver dysfunction, valproate was not
given. If seizures persisted after this step, either loading of
phenobarbitone 20mg/kg was given or midazolam bolus 0.2
mg/kg followed by 2 μg/kg/min tomaximum of 10 μg/kg/min.
After seizures were controlled, the infusion ofmidazolamwas
continued for at least 24hours and then gradually tapered off.
The patients with Glasgow Coma Scale (GCS) score<8 or
breathing difficulty were intubated.

After stabilization, details of developmental history, any
coexisting medical diseases, epilepsy, antiepileptic drug
(AED) use, and seizure semiology were taken. A detailed
physical examination was performed. The laboratory tests
including hemogram, random blood sugar levels, serum
calcium, serum electrolytes and renal function tests, cere-
brospinal fluid analysis, electroencephalography, neuroim-
aging (computed tomographic scan, magnetic resonance
imaging of brain), and screening for metabolic disorders
were conducted as per clinician’s discretion. During the
hospital stay, the outcome, critical care needs, and total
stay in hospital were noted. The patients were followed
throughout the hospital stay.

Methods of neurological disability assessment: Glasgow
Outcome Score (GOS) was used to assess outcome at three
points: at discharge, at 1 month, and at 3 months.

At follow-up, patients were called to the hospital; those
who refused to come to the hospital were assessed by
telephonic interview.
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Outcome Measures
The primary outcome measures were taken as proportion of
patients with CSE having poor outcome (GOS I–IV) at dis-
charge, at 1 month, and 3 months postdischarge, and corre-
lation of GOS score to clinical profile was analyzed.

Statistical Analysis
Data analysis was done on SPSS version 18. Descriptive data
for all study variables were done as mean� standard devia-
tion (SD), numbers and percentages, and median and inter-
quartile ranges (IQRs). The categorical and continuous
variables were analyzed by chi-square test and independent
t-test. The mortality/morbidity in the subgroups was
reported as the proportion of the sample. The potential
influence of confounding variables for poor outcome was
looked by a multivariate binomial logistic regression model
and results were reported as odds ratioswith 95% confidence
intervals. A p-value of<0.05 was taken as statistically
significant.

Ethics
The study was approved by the institutional ethics commit-
tee (Ethical approval number: EC/2016/0054).

Results

Clinical and Demographic Features
The mean (SD) age of the patients was 7 (2.9) years and 58%
were males (►Table 1). Children under 5 years constituted
41%. A very high number of children (both genders) were
malnourished (p 0.97) (►Table 2).Majority (87%)were immu-
nized as per national immunization schedule. Among the
presenting complaints, apart from seizures, fever (49.5%)
and altered sensorium (16.5%) were main complaints. Sixty-
five percent patients had generalized seizures and 39% had
seizure duration more than 1hour at presentation. Higher
percentage (47%) of girls had SE lasting for>1hour (p 0.0001)
(►Table 2). Only 24% patients received nasal/parenteral anti-
convulsant at home, from a private practitioner, or from a
primary health care center.

At hospital admission, mean (SD) GCS score was 13.75
(2.58). Eleven percent patients had a GCS score<8 at pre-
sentation (out of them 64% were girls), 12.5% had features of
raised intracranial pressure, 7.5% respiratory failure, and 5%
circulatory shock.

Twenty-two percent had normal neuroimaging; 18%
patients had neurocysticercosis, 7.5% tuberculoma, and 6%
had features of old insult (gliosis, porencephalic cyst),
whereas 2.5% patients had temporal lobe involvement sug-
gestive of herpes simplex encephalitis.

Management
During hospital stay, 15% required intubation, 17% needed
respiratory support, 14% neurocritical care, and 13% inotro-
pic support. More girls as compared with boys (26% vs. 12%)
required critical care. Note that 24.5% patients had remote
symptomatic etiology (RSE). Mean (IQR) duration of hospital
stay was 6.81 (2–30) days (►Table 1).

Etiology
It was assigned as per the clinical and investigational find-
ings. Out of 200 patients, acute symptomatic etiology (63.5%)
was the most common etiology followed by remote symp-
tomatic in 9%, PFS in 16.5%, and unknown in 10% cases.
Among acute symptomatic etiology, acute intracranial infec-
tions were the most common (95%) (►Supplementary

Table S1, available in the online version only). There was
no significant difference between etiological distributions
between genders (►Table 2).

Outcome
The patients were assessed for outcome by GOS at three
assessment points, at discharge, at 1month, and at 3months.

At discharge, out of 200 patients, 25 (12.5%) died during
hospital stay. Rest of the patientswas assessed at discharge for
neurological sequelae. Eighty percent had good recovery, 3%
mild disability, 3%moderatedisability, and1.5%hadpersistent
vegetative state (►Table 3).

Predictive Factors for Poor Outcome at Discharge
(►Table 4)
We grouped GOS 1 to 4 as poor outcome and GOS 5 as good
outcome. Patients aged>5 years had 1.5 times chances of

Table 1 Patient characteristics in descriptive analysis

Variables N¼200

Age (y), mean� SD 7.00�2.9

Male, N (%) 116 (58)

Previous developmental delay, N (%) 18 (9)

Past history of seizures, N (%) 35 (17)

Malnutrition, N (%) 182 (91)

Presenting features

Fever, N (%) 99 (49.5)

Altered sensorium, N (%) 33 (16.5)

Type of seizure

Generalized, N (%) 130 (65)

Duration>1 h, N (%) 78 (39)

Received prehospital treatment, N (%) 47 (24)

Examination findings at presentation

GCS, mean (SD) 13.75 (2.58)

Unequal pupils, N (%) 7 (3.5)

Focal neurological signs, N (%) 5 (2.5)

Need for critical care

Respiratory support, N (%) 34 (17)

Neurocritical care, N (%) 28 (14)

Inotropic support, N (%) 26 (13)

Refractory status, N (%) 49 (24.5)

Duration of hospital stay, (in d),
mean (IQR)

6.81 (2–30)

Case fatality rate, N (%) 25 (12.5)

Abbreviations: GCS, Glasgow Coma Scale; IQR, interquartile range; SD,
standard deviation.
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poor outcome, also girls had more chances of poor outcome
(p 0.0009). Patients with generalized seizures and seizure
duration>60minutes had poor outcome (p 0.0008 and
<0.000). RSE was likely to cause 15 times more chances of
poor outcome in patients as comparedwith patients without
RSE. Patients presenting with GCS<8 had 79 times more
chances of having poor outcome than who had higher GCS.
Requirement of critical care (assisted ventilation/inotropic
support/management of raised intracranial pressure)
reflecting seriousness of clinical condition was associated
with very high chances of poor outcome (p<0.0000).
Patients with acute symptomatic etiology had higher chan-
ces of mortality and morbidity as compared with all other
etiologies clubbed together.

Follow-up: Only 85% (149/175) patients could be followed
up at 1 month and 71% (123/173) at 3 months (►Table 3).

One-month follow-up: Two patients died before the first
follow-up, causewas probably aspiration in one and seizures
in another (►Table 5). Ninety percent patients had a good
recovery, 4% had moderate and severe disability each, and
one patient had a persistent vegetative state (►Table 3).

Three-month follow-up: Out of 123 contactable patients,
one patient was reported dead, the cause of death was
probably repeat seizure, 3.3% patients had severe disability,
9.7% moderate disability, and 86% good recovery. Seven
patients (4males) deteriorated fromGOS 5 to 4 (as compared
with follow-up at 1 month), three had acute symptomatic
etiology of SE, two unknown etiology, and two patients PFS.

Table 2 Gender-wise characteristics of cases

Girls (84) Boys (116) p-Value

Age<5 y 40 (47.6) 42 (36) 0.10

Malnutrition 76 (90.5) 106 (91) 0.97

Anemia 28 (33) 47 (40.5) 0.30

Developmental delay 6 (7) 12 (10) 0.43

Prehospital treatment 20 (24) 27 (23) 0.92

Duration of statusa> 1 h 40 (47) 38 (33) 0.0001

Shock at presentation 4 (5) 6 (5) 0.89

GCS<8 (at presentation) 14 (17) 8 (7) 0.029

Refractory status 20 (24) 23 (20) 0.49

Critical care needs 22 (26) 14 (12) 0.010

Poor outcome at discharge 26 (31) 14 (12) 0.0009

Etiology

Acute 60 (71) 67 (58) 0.141

Remote 4 (5) 15 (13)

Febrile 13 (15) 21 (18)

Unknown 7 (8) 13 (11)

Abbreviation: GCS, Glasgow Coma Scale.
Note: Boldfaced values are statistically significant (p < 0.05).
aAt presentation.

Table 3 Outcome at discharge and follow-up

Grading of outcomes
(GOS
score)

Discharge
n (%)

At 1 mo
n (%)

At 3 mo
n (%)

Death (GOS 1) 25 (12.5) 2 (1.34) 1 (0.8)

Persistent vegetative state (GOS 2) 3 (1.5) 1 (0.67) 0

Severe disability (GOS 3) 6 (3) 6 (4) 4 (3)

Moderate disability (GOS 4) 6(3) 6 (4) 12 (10)

Good recovery (GOS 5) 160 (80) 134 (90) 106 (86)

Total 200 149 123

Abbreviation: GOS, Glasgow Outcome Score.
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Table 4 Predictors of poor outcome at discharge

Variables Poor outcome
n (%)

Good outcome
n (%)

Odds ratio p-Value

Age<5 y (n¼ 82) 13 (16) 69 (84) 1.54 (0.74–3.19) 0.24

Age>5 y (n¼ 118) 27 (23) 91 (77)

Female (n¼84) 26 (31) 58 (69) 3.27 (1.58–6.75) 0.0009

Male (n¼116) 14 (12) 102 (88)

Duration of status< 1 h (n¼ 122) 12 (10) 110 (90) 5.13 (2.41–10.91) < 0.00001

Duration of status> 1 h (n¼ 78) 28 (36) 50 (64)

Generalized seizures (n¼ 130) 35 (27) 95 (73) 4.78 (1.78–12.87) 0.00085

Focal seizures (n¼70) 5 (7) 65 (93)

Fever at presentation (n¼103) 21 (20) 82 (80) 1.05 (0.53–2.1) 0.88

Afebrile at presentation (n¼97) 19 (20) 78 (80)

Prehospital treatment (n¼47) 11 (23) 36 (77) 1.30 (0.59–2.87) 0.50

No prehospital treatment (n¼143) 29 (20) 114 (80)

GCS<8 at presentation (n¼ 22) 20 (90) 2 (10) 79 (17.17–363.44) < 0.00001

GCS>8 at presentation (n¼ 178) 20 (11) 158 (89)

Refractory status (n¼ 49) 28 (57) 21 (43) 15.44 (6.82–34.97) < 0.00001

Nonrefractory status (n¼ 151) 12 (8) 139 (92)

Critical care needed (n¼35) 28 (80) 7 (20) 51 (18.47–140.8) < 0.00001

No critical care needs (n¼ 165) 12 (7) 153 (93)

Acute symptomatic etiology (n¼127) 32 (25) 95 (75) 2.73 (1.19–6.32) 0.0153

Other etiologies (n¼ 173) 8 (5) 65 (95)

Abbreviation: GCS, Glasgow Coma Scale.
Note: Boldfaced values are statistically significant (p < 0.05).

Table 5 Details of deaths on follow-up

Case 1 Case 2 Case 3

Age (y) 15 9 11

Gender Male Male Female

Past history of seizures No Yes No

Developmental delay No Yes No

Fever Yes Yes No

SE duration > 1 h < 1 h > 1 h

Type of seizures Generalized Generalized Focal

Prehospital treatment No No Yes

Critical care needs Yes Yes Yes

Refractory SE Yes Yes Yes

Neuroimaging Basal ganglia hyperintensities Gliosis Normal

Etiology Acute symptomatic Remote symptomatic Unknown

AED prescribed at
discharge

Phenytoin
þ Levetiracetam

Phenytoin Phenytoin

GOS at d/c 2a 2 2

GOS at 1 mo 1b 1 2

Cause of death Aspiration Seizure Seizure

Abbreviations: AED, antiepileptic drugs; GOS, Glasgow Outcome Score; SE, status epilepticus.
aGOS 2: persistent vegetative state.
bGOS 1: death.
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One of the PFS patients developed mesial temporal sclerosis
(MTS) on repeat neuroimaging at 1-month follow-up. None
of these seven patients reported repeat seizures. Five of them
were on anticonvulsants (►Table 6).

Discussion

The present study done on 200 children between 1 and
16 years of age presenting with CSE had a case fatality rate
of 12.5% and 7.5%morbidity at discharge. Acute symptomatic
etiology was seen in 63.5% cases. Loss to follow-up was seen
in 15% cases at first and 29% cases at second follow-up. Two
deaths at first follow-up and one death at second follow-up
were reported, seven patients deteriorated to moderate
disability at 3-month follow-up.

The short-termmortality rate in various follow-up studies
have been reported as 7 to 17.5% in resource-poor countries
and 2 to 6% in developed nations.14 As per a systemic review
done in 2006, the causality of CSE was the most important
determinant of death, most in-hospital deaths might not be
attributable to the CSE itself. This argument is supported by
the significantly lower mortality rate (0–2%) of febrile SE or
unknown causes as compared with acute or remote symp-
tomatic cases.10 In the present study, case fatality rate of
12.5% was seen at discharge. In various studies, refractory
status, acute symptomatic etiology, young age, malnutrition,
shock, aspiration, sepsis, near drowning, inadequate preho-
spital treatment, etc. have been listed as predictors of poor
outcome.6,15–19 In the present study, female gender, SE
duration>1hour before presentation, generalized onset
seizures, need for critical care support, poor response to
initial antiepileptic therapy, and acute symptomatic etiology
were found as predictors of poor outcome.

Girls had a longer duration of SE before admission, poor
sensorium, higher chances of requiring critical care support,
and poor outcome (p 0.0009). The poor outcome could be the
result of delayed attention sought or physiological factors. A
previous study from this center also had higher mortality in
females.5

Two out of three deaths during follow-up were due to
seizures and one due to aspiration. All of them were in a

persistent vegetative state at the time of discharge. High
follow-upmortality rate in all age groups has been described
in various reviews ranging from 10 to 55%; studies done
before widespread availability of modern critical care sup-
port and management have higher mortality rate.4 In a
population-based study by Pujar et al, only 25% deaths
during follow-up were related with seizures whereas rest
of the deaths were attributable to the complications of
primarymedical condition; it was concluded that significant
neurological problems before occurrence of CSE were inde-
pendent risk factor for mortality.9

On first follow-up, 90% of the contactable patients had
good outcome, none of the patients deteriorated from
good to poor outcome, whereas on second follow-up,
seven patients deteriorated from GOS 5 to GOS 4
(►Table 6). The cause of deterioration could be side effects
of drugs or unnoticed seizures. Significant deterioration in
cognitive functions (e.g., attention, memory, and mental
speed) has been seen in persons on phenytoin and phe-
nobarbital in volunteer studies. Other factors which can
affect cognition can be polytherapy and high dose of
AEDs.20,21

This study also enforces the fact that febrile seizures need
to be followed up carefully as two patients deteriorated on
follow-up and one of them developed MTS. Two patients
with unknown etiology also deteriorated, cause could be
some underlying etiology, for example, autoimmune en-
cephalitis (AE), which was not picked up by the neuroimag-
ing. We could not get workup done for AE in many cases
because of financial constraints.

The present study has several limitations, complete
workup could not be done in several cases. There was
significant loss to follow-up in the present study, 15% at
1 month and 29% at 3 months, making it difficult to
accurately assess the outcome. In resource-poor countries,
follow-up is a significant problem because of the lack of
proper system for it. The health infrastructures are usually
overwhelmed with managing emergencies only. Systematic
long-term follow-up studies involving field workers with
provision for home visit are required for understanding the
impact of SE on disability.

Table 6 Details of patients who deteriorated from GOS 5 to GOS 4 at 3 months

Age
(y)

Sex Fever PEM Seizure GCS Neuroimaging RSE Etiology Anticonvulsant
treatment

3.5 M Yes Yes Generalized 15 Normal No PFS None

6 F No Yes Focal 15 Tuberculoma No AS Phenytoin

4 F No No Focal 15 NCC No AS Phenytoin

3.5 M No No Generalized 15 MTS Yes PFS Phenytoin þ
Valproate

5 M No Yes Focal 15 Normal No Unknown Phenytoin

3.5 F No No Focal 15 NCC No AS Phenytoin

5 M No Yes Focal 15 Normal No Unknown None

Abbreviations: AS, acute symptomatic; F, female; GCS, Glasgow Coma Scale; GOS, GlasgowOutcome Score; MTS,mesial temporal sclerosis; M,male;
NCC, neurocysticercosis; PEM, protein energy malnutrition; PFS, prolonged febrile seizures; RSE, remote symptomatic etiology.
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Conclusion

Childhood CSE patients need to be monitored cautiously after
discharge as risk of death and clinical deterioration persists.
The patients with poor recovery like in vegetative state/with
neurological deficits or frequent seizures might require fre-
quent follow-up (weekly/twiceweekly) for parental education
regarding feeding/physiotherapy and for drug titration. Many
deaths might be prevented by these interventions.
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