
156      Hong Kong Med J Vol 10 No 3 June 2004

ORIGINAL ARTICLE

Key words:
Child;
Infant;
Status epilepticus

�� !

�� 

�� 

�� !"#

Hong Kong Med J 2004;10:156-9

Features predicting adverse outcomes
of status epilepticus in childhood
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Objective. To examine variables that might predict abnormal outcome of status
epilepticus among children.
Design. Retrospective study.
Setting. Regional hospital, Hong Kong.
Patients. All children younger than 15 years who were admitted to the paediatric
intensive care unit with status epilepticus between 1997 and 2002.
Main outcome measures. Neurodevelopmental outcomes.
Results. Two of the 25 patients died, resulting in a mortality rate of 8%.
No deaths were due to status epilepticus itself. No patient with febrile or
idiopathic status epilepticus developed epilepsy. Neurological deterioration was
observed in a quarter (six of 23) of the survivors. Symptomatic aetiology (acute
or remote) and refractory status epilepticus were associated with adverse
outcomes (P<0.05). Young age at status epilepticus (<12 months) and duration
of status epilepticus (>60 minutes) tended to be more frequent among those
who developed adverse outcome. Rectal diazepam was given before hospital
arrival in only four patients.
Conclusions. Paediatric patients with status epilepticus who had normal
neurodevelopmental status before the onset of an attack and who did not sustain
an acute insult to the central nervous system or have progressive encephalopathy,
had favourable outcomes. Prompt use of rectal diazepam or buccal midazolam
administered by caretakers or paramedics should be encouraged.

�� �� !"#$%&'()*+,-./01234567

�� �� !"#

�� �� !"#$%

�� � NVVT� OMMO�� !"#$%&'()*+,-./01234 NR�

�� !"

�� !"#$�� !"#$%&'(

�� OR�� !"O�� !� "#UB�� !"#$%&'()*+,-

�� !"#$%&'#()*+,(-.#/0+,1 OP�� !"#$%

�� !�S���� !"#$%&'()�� !"#$%�� !"#$%

�� !"#$%&'(�mYMKMR��� !"#$%&'()*+,-&./0

���� !" NO�� �� !"#$%&'()*�� SM�� �� Q

�� !"#$%&' Çá~òÉé~ã�

�� �� !"#$%&'()*+#$,-.#/01%234*5-.67

�� !"#$%&'()*+,-./01234567898:;<9=>)

�� !" Çá~òÉé~ã�� ãáÇ~òçä~ã�

Introduction

Status epilepticus (SE) is a major neurological emergency that causes an
estimated direct mortality of 1% to 2%.1 It can occur in association with
epilepsy and in the context of acute central nervous system (CNS) or systemic
insults. Short-term mortality is higher when SE occurs because of an acute
insult. Aggressive management protocols for SE have been introduced during
the 1980s and 1990s.2-4 The importance of rapidly terminating prolonged
seizures has been well recognised. Treatment protocols, however, vary between
different hospitals. It is estimated that SE is refractory in 9% of adults, and
shown that the mortality associated with refractory SE is substantially higher
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than that for non-refractory SE.5 In this study, we review
the cases of SE that were managed in the paediatric
intensive care unit of a regional hospital, with the aim of
examining various variables that might predict abnor-
mal outcomes.

Patients and methods

We retrospectively identified all children younger than
15 years with SE who were admitted to the Paediatric
Intensive Care Unit at the Tuen Mun Hospital between
1997 and 2002. The hospital is the only tertiary paediatric
centre in the northwest district of Hong Kong. Patients
with neonatal SE and non-convulsive SE were excluded
from the analysis.

Status epilepticus was defined as a single seizure
lasting for at least 30 minutes, or recurrent seizures
lasting more than 30 minutes, without the full return of
consciousness.6 Seizures were classified as generalised
or partial, according to the International League Against
Epilepsy revised classification system.7 The aetiology of
SE was classified as follows: (1) idiopathic: no acute CNS
or metabolic dysfunction; (2) febrile: SE provoked only
by fever (>38.4ΟC); (3) acute symptomatic: SE occurring
during acute illness with known CNS or systemic meta-
bolic dysfunction; (4) remote symptomatic: SE occurring
without an acute cause in a patient with a history of a
CNS insult that was known to be associated with in-
creased risk of convulsion; and (5) progressive neuro-
logical: SE occurring during a progressive neurological
(eg metabolic or neurocutaneous) disease.8 Refractory SE
was defined as seizure that was refractory to initial ther-
apy with a benzodiazepine, followed by an adequate load-
ing dose of a standard intravenous anticonvulsant (either
phenytoin or phenobarbitone) for at least 60 minutes.9

The treatment protocol for SE consisted of the follow-
ing steps: (1) intravenous diazepam at 0.2 mg/kg or
lorazepam at 0.1 mg/kg or rectal diazepam at 0.5 mg/kg
followed, if it fails, by (2) intravenous phenobarbitone at 15
to 20 mg/kg or phenytoin at 15 to 20 mg/kg, and if this also
fails, by (3) midazolam or thiopentone infusion or rectal
paraldehyde. The goal of treatment was to completely con-
trol the seizure and to achieve a burst-suppression pattern
on an electroencephalogram if possible.

Sequelae of SE were classified as follows: (1) epilepsy:
onset of any type of unprovoked recurrent seizures after
SE in patients without prior epileptic seizures; (2) major
neurological sequelae: neurological dysfunction, such
as mental retardation or paresis, that emerged after SE
in previously normal patients; (3) minor neurological
sequelae: school or learning problems, behavioural prob-
lems, or difficulty with concentration, memory or linguistic
skills after SE; and (4) increased neurological disability:
major or minor new neurological deficits in patients with
previous neurological abnormalities.10 Case records were

retrieved and all aspects of disease treatment and outcome
analysed. We performed univariate analyses of potential
predictors of abnormal outcome using Chi squared tests; P
values of less than 0.05 were considered significant.

Results

Clinical profile
Twenty-five children (11 boys and 14 girls) with SE were
identified during the study period. The mean age at the time
of SE was 2.6 years (range, 0.5-10.0 years). The highest
incidence of SE was in the first year of life. Approximately
one half of patients were younger than 3 years at the time of
SE (Fig 1).

Eleven patients had a history of seizure disorders:
seven had epilepsy, three had had febrile convulsions,
and one had had a single afebrile seizure. Pre-existing
neurological abnormalities were present in 15 patients. The
type of SE was generalised in 13 cases and partial in 11
cases; the type of seizure could not be clearly classified in
one patient. Among the cases of SE, 11 were of the acute
symptomatic type, whereas eight were remote symptom-

Fig 1. Aetiology of status epilepticus in various age-groups
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atic, three were febrile, two were idiopathic, and one was
progressive neurological (Table). Acute symptomatic and
febrile aetiologies accounted for two thirds of children
younger than 3 years and two fifths of children older than
4 years.

The duration of SE was 30 to 60 minutes in 16 patients,
61 to 120 minutes in five, and longer than 120 minutes in
four. The extreme long duration (3 days) in one patient was
because the parents had failed to recognise partial-motor
SE. Older age at SE was associated with prolonged dur-
ation of seizure: two of the 13 children younger than 3 years,
compared with seven of the 12 children older than 3 years,
had seizure durations of longer than 60 minutes (15% ver-
sus 58%; P<0.05). Duration of SE was also somewhat re-
lated to aetiology (Fig 2): none of the patients with idiopathic
or febrile aetiology had an episode of SE of longer than 60
minutes, and all seizures that lasted for more than 60 min-
utes somewhat belonged to the symptomatic (acute or
remote) category (P=0.06).

Rectal diazepam was given before hospital arrival in
only four cases, which were all cases of chronic epilepsy.
Our treatment protocol was able to end seizure within 120
minutes in four fifths of patients. Status epilepticus was
refractory in 10 cases. Eleven patients received rectal
paraldehyde, four required midazolam infusion, and one
received an infusion of thiopentone. The longest treatment
duration was 14 days in one patient, who had symptomatic
frontal lobe epilepsy. She ultimately underwent epileptic
surgery for cortical dysplasia.

Two patients in our series died. One had Wolf syndrome
and developed multi-organ failure, and the other died of
encephalitis. Neither death was directly related to seizure.
There was no neurological deterioration in 17 of the 23
survivors. Among the remaining quarter of survivors, new
onset of major neurological deficits or deterioration were

evident in three, and minor sequelae were observed in a fur-
ther three. New-onset epilepsy developed in three of the
survivors. Another patient, who had known seizure history,
had recurrent SE. The mean duration of follow-up was 36
months (range, 12-70 months).

Predictors of neurological deterioration
All patients with major neurological sequelae belonged to
the symptomatic (acute or remote) group (P<0.05). Young
age at SE predicted regression: three of the seven patients
aged 1 year or younger showed deterioration, compared with
three of the 16 patients who were older than 1 year (43%
versus 19%; P=0.2). Duration of SE also predicted
deterioration: two of the 14 children with seizure durations
of less than 60 minutes showed a deterioration in SE, com-
pared with four of the nine children with seizures lasting
longer than 60 minutes (14% versus 44%; P=0.1).
Furthermore, refractory SE was associated with neuro-
logical deterioration: only one of the 13 children with
non-refractory SE had minor neurological sequelae,
whereas the condition in five of the 10 children with refrac-
tory SE deteriorated (8% versus 50%; P<0.05).

Discussion

This study showed that SE had an acute mortality of 8%.
However, all children who died had acute life-threatening
conditions, and these conditions rather than SE itself
accounted for the two deaths in our series. More than 70%
of the survivors showed no neurological deterioration.
These results are consistent with those reported by recent
clinical studies of SE in children.1,10-13 The significant
associations between aetiology, duration, and neurologic-
al deficit are also in accordance with findings of previous
clinical and experimental studies.14-16

Sixty percent (15/25) of the children were neurologically
abnormal prior to SE. This proportion is comparable to that
reported by Barnard and Wirrell.17 Children with an
underlying neurological abnormality were more prone to
SE than others. However, our study has some limitations.
Firstly, it was retrospective: developmental histories
were obtained retrospectively rather than by prospective
psychological testing. Milder delays in younger children
might not be obvious to the family. Hence, the number
of children with neurodevelopmental deterioration after
SE was probably overestimated.

Much controversy still surrounds the question of
whether SE can cause brain injury. Low morbidity and
mortality rates in children with SE have been reported,
especially in those with idiopathic or febrile aetiology.11,13

However, there are contradictory studies showing that SE
is a predictor of poor neurological outcome.18,19 The
critical duration of SE in the production of irreversible
long-term sequelae in humans remains unknown. A
duration of 1 to 2 hours has been proposed to be critical
in some studies.20,21 The purpose of aggressive treatment
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Fig 2. Duration and aetiology of status epilepticus
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of SE is to minimise neuronal damage caused by sys-
temic and electrical effects of SE. Our treatment protocol
was able to end SE within 120 minutes in 80% of cases.
This proportion is comparable to that reported by Eriksson
and Koivikko.10 Only four (16%) of the 25 patients in our
series—all four with chronic epilepsy—received rectal
diazepam before hospital arrival. Prompt diagnosis and
management of SE provide the best outcome. The longer
an episode of SE continues, the more likely that it will be
refractory to treatment. Approximately 80% of seizures
will stop if treatment is administered within 15 minutes,
compared with only 60% if treatment is administered
after 15 minutes of the start of SE.22 Alldredge et al23

reviewed 45 episodes of convulsive SE in 38 children
who were given prehospital treatment with rectal or
intravenous diazepam; treatment shortened the duration
of SE by one half and reduced recurrence by one third.
Hence, rectal diazepam or buccal midazolam admin-
istered before hospital arrival should be considered,
because they shorten the duration of SE. However, even
prompt use of rectal diazepam may not necessarily
prevent SE in certain cases; a large controlled study is
needed to clarify the proper treatment of SE.

Our study shows that symptomatic aetiology was
related to prolonged and often resistant SE: seizures
lasting longer than 60 minutes were associated with
neurological deficits. All patients with prolonged
seizures belonged to the symptomatic (acute or remote
symptomatic) category. It is difficult and often im-
possible to distinguish neuronal damage caused by
aetiological factors from damage as a result of SE itself.
We found that young children were more prone to
neurological regression following SE than older
children. This observation is consistent with those of
other studies.11,14,18 One possible explanation is the
correlation of SE aetiology with age; acute symptom-
atic aetiology tended to be more common in young
patients who developed SE than in older children.

New-onset epilepsy developed in three survivors, all of
whom had symptomatic disease. It is not surprising that a
specific insult, either acute or remote symptomatic, causes
brain injury that predisposes the patient to further seizures.
Barnard and Wirrell17 have reported a similar observation.
None of the patients in our study who had idiopathic or
febrile SE developed epilepsy. However, one would pre-
sume that those with idiopathic SE would have a lower
threshold for seizures, and that although SE might be the
initial presentation, epilepsy would develop subsequently.
Furthermore, febrile SE in relation to mesial temporal scle-
rosis often presents as refractory epilepsy in adolescence or
early adulthood. A low patient number and inadequate
follow-up time might explain our unexpected observation.

We conclude that SE predominantly affects neuro-

logically abnormal children. Most new neurodevelop-
mental deficits are related to the underlying aetiology of
SE. Children with idiopathic or febrile SE have a very
favourable outcome. The prompt use of rectal diazepam
or buccal midazolam administered by caretakers or
paramedics should be encouraged.
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