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Abstract The objective of this study is to evaluate the
clinical and radiological characteristics and the outcome
of status epilepticus (SE). 117 consecutive patients with
SE were evaluated including their demographics, history
of epilepsy, antiepileptic drug (AED) default, comorbidi-
ties, SE type and duration. The study included 22 chil-
dren, 77 adults and 18 elderly patients with SE. Blood
counts, serum chemistry, ECG, cranial MRI, cerebrospinal
fluid and EEG were done. Patients were treated with IV
phenytoin, valproate, lorazepam or diazepam as per a
fixed protocol and responses to first and second drugs
were noted. Death during hospital was recorded. The
etiology of SE was infection in 53.8%, drug default in
7.9%, metabolic in 14.5%, stroke in 12.8% and miscel-
laneous in 11% of patients. 92.3% of patients had con-
vulsive and 7.7% nonconvulsive SE. Cranial MRI was
abnormal in 62%. Infection as an etiology was more
common in children, drug default and metabolic causes in
adults and stroke in adults and elderly. Following first
AED, SE was controlled in 50%. 30% of patients
remained refractory to second AED which was related to
duration of SE and mortality. 29% patients died and death
was higher in elderly (44%) compared to children (14%).
Acute symptomatic SE is more common in developing
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countries. Refractory SE is associated with SE duration
and mortality.
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Introduction

Status epilepticus (SE) is a common and serious neurolog-
ical emergency; its mortality rate has declined from 50% in
earlier studies to 20-39% in recent studies [2, 10, 11, 23, 37].
The epidemiology of SE differs widely in different geo-
graphical regions. In the developing countries, infections,
infestations and birth and head injuries, as well as seizure,
are important causes of SE. In areview of the etiology of SE,
the important causes of SE were idiopathic, remote symp-
tomatic, acute symptomatic and progressive encephalopa-
thies [9]. In a study from Ethiopia, the important causes of
SE were CNS infection (36%), drug default (17%) and idi-
opathic causes (16.8%) [2]. In developed countries stroke
(16.7-60%) is an important cause of SE in adults [3, 17]. The
etiology of SE may also differ between adults and children.
In adults the important causes of SE are stroke, antiepileptic
drug withdrawal, alcohol withdrawal, anoxia and metabolic
disorders; infection as an etiology is more common in
children. In our earlier studies, we have reported SE in CNS
infections and encephalitis highlighting the response to
AED and outcome [16, 23]. The socioeconomic transition of
India may be reflected in the etiology and outcome of SE. In
the present study we report the clinical characteristics, MRI
changes, response to treatment and outcome in consecutive
patients with SE in different age groups.
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Subjects and methods

Consecutive patients with SE admitted in neurology or
other wards of the institute or attending the emergency
ward during 2002-2007 were prospectively evaluated.
Patients 12 years or below were grouped as children and
60 years or above as elderly. Status epilepticus was defined
as occurrence of two or more convulsive seizures without
full recovery of consciousness between the seizures or
continuous convulsive activity lasting for more than
10 min. Nonconvulsive SE was defined when the patient
had coma with ictal discharges on EEG with or without
subtle convulsive movements, e.g., thythmic twitching of
arms, trunk, leg or facial muscles, tonic eye movement or
nystagmoid jerks [36]. Alcohol withdrawal SE was defined
as SE precipitated by documented alcohol withdrawal.
Systemic infection was defined as presence of infection
without evidence of central nervous system or meningeal
infection. History of seizures in the past was noted.
Decrease in antiepileptic drug as a precipitant of SE in
patients with pre-existing epilepsy was defined as docu-
mented cessation of antiepileptic drug. Congenital causes
were defined as preexisting central nervous system or
vascular malformation. Anoxia, cerebral hemorrhage,
ischemic stroke, tumor, metabolic conditions, head trauma,
drug induced and central nervous system infections were
defined as precipitating causes of SE using standard clini-
cal definitions. Idiopathic SE was defined when there was
no identifiable cause [7].

Type of SE was categorized into generalized convulsive,
secondary generalized or nonconvulsive SE. The duration
of SE prior to treatment was noted. Consciousness was
assessed by Glasgow Coma scale (GCS) after control of
seizures. Presence of cranial nerve palsy, fundus abnor-
mality and focal weakness were noted. Muscle tone and
tendon reflexes were graded as increased, decreased or
normal.

Investigations

Blood counts, hemoglobin, ESR and peripheral blood
smear for malaria were carried out. Blood sugar and serum
creatinine, bilirubin, transaminase, sodium, potassium,
calcium, magnesium and albumin were estimated. Radio-
graph of chest and electrocardiogram (ECG) were also
carried out. In patients with suspected infection, blood and
urine culture and sensitivity for bacteria were carried out.
Cranial MRI was done using a 1.5T (Signa GE Medical
Systems, Wisconsin, USA) scanner. T1, T2 and FLAIR
(fluid attenuated inversion recovery) images were obtained.
Electroencephalography (EEG) was carried out using 21
channel EEG equipment. The EEG was carried out within
1 h of control of convulsive SE. 30 min recording was

obtained using the 10-20 system of electrode placement in
a number of horizontal and vertical montages. Presence of
epileptiform discharges, asymmetry and slowing were
noted. In patients with suspected central nervous infection,
cerebrospinal fluid was examined for cell, protein, sugar
and bacteria as well as fungal culture. CSF was also ana-
lyzed for herpes simplex, Japanese encephalitis and dengue
virus infection using polymerase chain reaction and IgM
capture ELISA.

Treatment

The patients were treated with IV phenytoin sodium
20 mg/kg or sodium valproate 30 mg/kg as per a fixed
protocol used for a randomized controlled trial which was
duly approved by our institute ethics committee [24]. The
drugs were crossed over in the patients who were resistant
to the first antiepileptic drug. Patients not responding to the
second antiepileptic drug were administered intravenous
lorazepam (0.1 mg/kg), midazolam (0.1 mg/kg) or diaze-
pam (0.15 mg/kg). The response to the treatment was
defined on the basis of clinical cessation of convulsion in
GCSE. In NCSE, regaining alertness and EEG evidence
were taken as responses to AED. In GCSE, EEG was also
performed within 1 h of clinical cessation of convulsions,
however the patient was not treated as SE on the basis of
EEG alone. Occurrence of hypotension, arrhythmia,
respiratory dysfunction and other complications were
noted. The patients not responding even to a third antiep-
ileptic drug were given oral carbamazepine, gabapentin,
clobazam, acetazolamide and levetiracetam in various
combinations. In uncontrolled convulsive SE, if there was
respiratory compromise, the patient was put on a
mechanical ventilator. All patients were managed in the
general ward with central oxygen and suction as well as
mechanical ventilation facilities. If SE was not controlled
with two AEDs, it was considered to be refractory [13].
Recurrence of seizure within 24 h in patients who
responded to initial antiepileptic drugs was noted. Patients
also received treatment for underlying diseases such as
acyclovir for herpes simplex encephalitis, antibiotics for
septicemia and dialysis in chronic renal failure. Hospital
mortality was recorded and categorized as mortality related
to SE or to other causes.

Statistical analysis

Relationship of various clinical, etiological, and MRI
findings and response to antiepileptic drugs with outcomes
(death or survival) were evaluated employing Chi-square,
Fisher’s exact test and independent 7 test using SPSS ver-
sion 12 software. Clinical characteristics, MRI findings and
outcomes were compared among different age groups using
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one way ANOVA. Multiple comparisons were done for
significant variables.

Results
Demography

The study included 117 patients with SE of whom 22 were
children (<12 years), 77 adults and 18 elderly (>60 years).
The median age of the patients was 33 (range 1-78) years.
Status epilepticus was most frequent in the third decade,
occurring in 17% of patients (Fig. 1). The majority of our
patients were Hindus (105).

Etiology

The etiology of SE was infection (CNS 57 and systemic 6) in
63 (53.8%) patients, stroke in 15 (12.8%), metabolic causes
in 17 (14.5%), antiepileptic drug default in 9 (7.9%) and
miscellaneous causes in 13 (11.1%). The CNS infection
group included meningitis in 14 (tubercular 10, fungal 1,
pyogenic 3) patients, encephalitis in 35 (herpes 4, Japanese
9, dengue 1, nonspecific 21), neurocysticercosis in 4,
tuberculoma in 2 and cerebral malaria in 1 patient. Seven
patients had only systemic infections. In the stroke group,
eight had ischemic stroke, five intracerebral hemorrhage and
two cerebral venous sinus thrombosis. In the metabolic
group, the causes included liver failure in 2, renal failure in
11, hyponatremia in 1 and hyperglycemia in 3 patients. The
miscellaneous group was comprised of post cardiac arrest
(1), acute disseminated encephalomyelitis (2), progressive
multifocal leucoencephalopathy (1), idiopathic origin (1),
pituitary tumor (1), hypertensive encephalopathy (1), idio-
pathic thrombocytopenic purpura (1), post head injury (1),
mitochondrial encephalopathy (1), encephalitis sequelae (1)
and Creutzfeldt-Jakob disease (1). Infection dominated the
etiology of SE in both adults (57.6%) and children (66.7%)
whereas stroke was more frequent in the elderly (44.4%).
Drug default and metabolic abnormalities were more

frequency of status epilepticus in different age
group

N
o

—_
(&)}

()]

No of patients
]

o

1st  2nd 3rd 4th  5th  6th >6th
Decades

Fig. 1 Frequency of status epilepticus by age group
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frequent causes of SE in adults compared to children. Stroke
was higher in elderly (44.4%) compared to adults (9%). The
various etiologies of SE in children, adults and elderly are
summarized in Table 1.

Types of status epilepticus

In the present study, convulsive SE was the most common
type of SE, occurring in 108 (92.3%) patients; only 9
(7.7%) had nonconvulsive status epilepticus. Todd’s
paralysis was present in 25 patients in the form of hemi-
plegia in all cases where it occurred. The median duration
of SE was 10 h (range 0.25-610). The duration of SE was
longer in children (99.84 + 180.37 h) compared to adults
(21.37 £ 47.05 h) and elderly (20.65 + 22.07 h).

Radiological findings

Cranial imaging was done in 105 patients, MRI in 44, CT
scan in 44 and both in 17 patients. Imaging was abnormal
in 65 (61.9%) patients. The abnormalities were cortical in
location in 15, subcortical in 20 and both cortical and
subcortical in 30 patients. The distribution of radiological
abnormality between children, adults and elderly is sum-
marized in Table 2.

Table 1 Demographic, clinical findings and etiologies in patients
with status epilepticus in elderly, adults and children

Children Adults Elderly P value
(22) amn (18)
Female 8 31 5 0.61
Status type 0.206
GCSE 12 58 15
Secondary GCSE 8 15 2
NCSE 2 4
Post ictal weakness
+ 7 14 4 0.60
- 15 63 14
History of seizure
+ 6 13 4 0.51
- 16 64 14
Mortality 3 23 8 0.09
Etiology 0.001
Infection 14 45 4
Stroke 0 7 8
Metabolic 2 13 2
Drugs 2 0
Others 4 4

GCSE generalized convulsive status epilepticus, NCSE nonconvulsive
status epilepticus
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Table 2 Cranial MRI and electroencephalography abnormalities in
status epilepticus

Cranial imaging Children (19) Adults (68) Elderly (18)
Abnormal 11 40 11
Cortical 2 9 1
Subcortical 4 11 5
Both 5 20 5

Electroencephalography  Children (15) Adults (61) Elderly (14)

Abnormal 15 56 13
Epileptiform activity 6 18 2
PLEDs 2 4 2
Mixed pattern 0 4 0
Slowing 7 30 9

PLEDs periodic lateralized epileptiform discharges
Electroencephalography (EEG)

Electroencephalography within 1 h of cessation of con-
vulsion was carried out in 90 patients and was abnormal in
84. Epileptiform discharges were present in 26 (28.9%)
patients, periodic lateralized epileptiform discharges in 6
(6.7%) and slowing in 46 (51%). All patients with non-
convulsive SE were diagnosed on the basis of epileptiform
discharges on EEG. None of the children had normal EEG;
however, the pattern of EEG was not significantly different
between the groups (Table 2).

Response to treatment

65 patients received sodium valproate and 52 received
phenytoin as a first line antiepileptic drug as per a fixed
protocol, which resulted in control of SE in 59 (50.4, 56%
with valproate and 44% with phenytoin). Crossing over of
the treatment protocol to uncontrolled patients resulted in
remission in 41 additional patients, and 35 (30%) remained
refractory to 2 antiepileptic drugs. In the remaining
uncontrolled patients, intravenous lorazepam (4), diazepam
(7), midazolam (3) or intramuscular paraldehyde (2) were
given, following which eight additional patients had
remission. Within 24 h, discrete seizures recurred in six
patients whose SE initially responded to the first or second
AED. SE was well controlled following the first antiepi-
leptic drug in children (66.7%) compared to adults (51.3%)
and elderly (27.8%; P = 0.05).

Response to the first antiepileptic drug and refractori-
ness of SE were not related to etiology (Table 3).
The duration of SE in the patients who were controlled
following the first antiepileptic drug was shorter (19.49 +
35.73 h) compared to those who were not controlled
(50.17 4+ 120.7 h). This difference, however, was not sta-
tistically significant (Z = — 1.5, P = 0.13). Refractoriness
of SE, however, was related to duration of SE (Z = 2.1,
P =0.04). The duration of status epilepticus in the
refractory group was 59.18 & 111.06 h and that in the
nonrefractory group it was 25.80 £ 75.35 h. Control of SE
was not related to cranial imaging abnormality; 31 of 65
patients with abnormal imaging were controlled by the first
antiepileptic drug and 22 out of 40 without imaging
abnormality were also controlled by the first drug.

Mortality

In our study, 34 (29%) patients died in hospital; death was
higher in elderly (44.4%) compared to adults (29.5%) and
children (14%). Death in the elderly was significantly
higher compared to children (P = 0.03). Death was due to
status epilepticus per se in eight, while the remaining
patients died due to underlying diseases. Out of 9 patients
with nonconvulsive SE, 2 died, and the remaining 32
deaths were in the convulsive group. Death was highest in
the infection (33.3%) and metabolic (35.3%) groups. The
details regarding death as per etiology are shown in Fig. 2.
Death was related to refractoriness of SE (P = 0.008);
50% patients with refractory SE died compared to 23.4% in
the nonrefractory group. Duration of SE was not related to
mortality (Z = — 1.06, P = 0.29).

Discussion

In the present study, infection triggering factor of SE in
both adults and children, while stroke was most important
in the elderly. Children responded better to treatment.
Duration of status epilepticus was associated with refrac-
toriness, which was related to high mortality. In an analysis
of eight studies in SE, the causes in children were idio-
pathic in 24-39%, remote symptomatic in 10-23%, febrile
in 20-28%, acute symptomatic in 24-50% and progressive
encephalopathy in 2-6%. In contrast, the causes of SE in
adults were idiopathic in 24-38%, remote symptomatic in

Table 3 Response to antiepileptic drugs in relation to etiology of status epilepticus

Infections Stroke Metabolic causes Drug withdrawal Miscellaneous P value
First AED 36 3 8 0.28
Refractory SE 17 0.46
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Fig. 2 Frequency of death in relation to etiology in patients with
status epilepticus

3-17%, febrile in 0-3% and acute symptomatic in 40-57%
[1, 3, 5, 10, 21, 29, 31, 33]. In our study, acute symp-
tomatic SE was the cause of status in all except 22 patients.
In the acute symptomatic group, infection constituted
53.8% of cases. In a study from South India, the etiology of
SE was acute symptomatic in 54%, remote symptomatic in
7%, cryptogenic in 19%, and earlier epilepsy in 19%. CNS
infection was found in 28% of patients [27]. Another study
from China reported history of epilepsy in 50%, CNS
infection in 32.7% and discontinuation or reduction of
antiepileptic drugs in 15.5% of patients with convulsive SE
[4]. The high prevalence of acute symptomatic epilepsy in
our study may be due to referral bias; as our facility is a
tertiary care super specialty public hospital, complicated
cases with infection and organ failure are referred to us.
Moreover, our institute, being a public hospital, caters
mostly middle and low class socioeconomic strata. Neu-
rocysticercosis is the commonest cause of focal epilepsy in
developing countries [8, 26, 28] and tuberculous meningitis
and encephalitis are prevalent in South East Asia [15, 25].
Central nervous system infection has also been reported as
a major cause of SE from Ethiopia (36%) and Senegal
(67%) [2, 22]. Stroke as a cause of SE has been reported in
16.7-60%, metabolic causes in 8.7-28%, CNS tumor in 5—
16%, drug default in 10.4-22.5% and idiopathic in 3—-18%
in various studies [3, 14, 17, 32, 34]. High prevalence of
stroke in India, especially in the young, may also contribute
to the burden of seizures and SE. In our study 14.5% of
patients had SE due to metabolic causes. This may reflect
the referral bias as our institute is active in the organ
transplantation programme. These may account for differ-
ences between the etiologies of SE in our study and those
reported from Western countries [12, 35].

In an earlier large study, the peak incidence of status
epilepticus was in the sixth and seventh decades [6]. In our
study, the highest incidence of SE was in third and closely
followed by sixth decade. 83.8% of patients were below the
age of 61 years. In the study from Ethiopia, also, 90% of
patients were below the age of 60 years [2]. The patients in
the third decade may be due to the high frequency
of infection in the present cohort and the lesser number of
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children and elderly. Children in our study responded to the
first antiepileptic drug better than adults. Response to
antiepileptic drugs is the best predictor of mortality in SE.
In the reported literature the mortality of SE ranged
between 11 and 29.7% [2, 4, 22, 23, 27, 32]. The mortality
in our patients was 29%, which was insignificantly higher
in the elderly compared to children. Lower mortality in
children compared to the elderly has been reported in a
large retrospective analysis in which 2.3% children and
25% adults died [6]. In a Chinese study, 15.8% of SE
patients died within 30 days of hospitalization, and dura-
tion of SE, mechanical ventilation and complications after
admission were independent predictors of death [18].

In our study, the median duration of status epilepticus
was 10 (0.25-610) h. This is related to poor medical
infrastructure facilities and the nature of tertiary care
hospital based studies. Duration of status has been reported
to be associated with control of status and mortality in a
number of studies [6, 13, 19]. In our study, however,
duration of SE was not related to mortality or seizure
control but was related to refractoriness of status. In earlier
studies, refractoriness of status was related to extreme of
age, duration of SE, acute symptomatic and nonconvulsive
status [13, 20, 36]. Mortality of SE is reported to be high in
cases of acute symptomatic status [17, 30]. The higher
mortality in our study may be due to prolonged duration of
status, high frequency of acute symptomatic epilepsy and
lack of an intensive care facility. Moreover, we have used
valproate and phenytoin as first line antiepileptic drugs
instead of lorazepam or diazepam, which are recommended
as first line AEDs in the management of SE. This may also
account for the higher frequency of refractory SE in our
study. However, in a study comparing lorazepam, phenyt-
oin, diazepam and phenobarbitone in SE, there was no
significant difference in the number needed to treat, SE
control, recurrence of seizure and 30 days outcome [36].
We have not done blood levels of AEDs, as the results are
not available immediately to modify the dose.

Our results are applicable to the patients of the devel-
oping world and are quite different from Western countries,
highlighting the importance of acute symptomatic SE and
need for early treatment.
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