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Abstract
Purpose—Epilepsy is a common childhood neurologic disorder, affecting 0.5 to1% of children.
Increased mortality occurs due to progression of underlying disease, seizure-related accidents,
suicide, status epilepticus, aspiration during seizures, and sudden unexplained death in epilepsy
(SUDEP). Previous studies show mortality rates of 2.7 to 6.9 per 1000 person-years (Berg et al.,
2004, Sillanpaa & Shinnar, 2010). Potential risk factors include poor seizure control, intractable
epilepsy, status epilepticus, tonic-clonic seizures, mental retardation, and remote symptomatic
cause of epilepsy (Berg et al., 2004, Sillanpaa & Shinnar, 2010, Walczak et al., 2001). Few
population-based studies of mortality and SUDEP in childhood-onset epilepsy have been
published. The purpose of this study is to report mortality and SUDEP from a 30 year population-
based cohort of children with epilepsy.

Methods—The Medical Diagnostic Index of the Rochester Epidemiology Project was searched
for all codes related to seizure and convulsion in children living in Olmsted County, Minnesota
and of ages birth through 17 years from 1980 through 2009. The medical records of these children
were reviewed to identify all those with new-onset epilepsy, and to abstract other baseline and
follow-up information. Potential risk factors including seizure type, epilepsy syndrome, history of
status epilepticus, the presence and severity of neurologic impairment, and epilepsy outcome was
reviewed. Epilepsy outcome was characterized by seizure frequency, number of anti-seizure
medications (AEDs) used, and number of AEDs failed due to lack of efficacy, and epilepsy
intractability at 1, 2, 3, 5, 10, 15, and 20 years after epilepsy onset. We followed all children
through their most recent visit to determine vital status, cause of death, and whether autopsy was
performed.

Key Findings—From 1980 to 2009, there were 467 children age birth through 17 years
diagnosed with epilepsy while residents of Olmsted County, MN and had follow-up beyond the
time of epilepsy diagnosis. Children were followed for a median of 7.87 years after the time of
diagnosis (range 0.04–29.49 years) for a total of 4558.5 person-years. Sixteen (3.4%) of the
children died, or 3.51 deaths per 1000 person-years. Two deaths were epilepsy-related (12.5%) for
a rate of 0.44 per 1000 person years. One of these children died of probable SUDEP and one died
of aspiration during a seizure. The remaining 14 deaths (87.5%) were due to other complications
of underlying disease. Several risk factors for mortality were found, including abnormal cognition,
abnormal neurologic exam, structural/metabolic etiology for epilepsy, and poorly controlled
epilepsy.
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Background
Epilepsy is a common neurologic disorder in childhood, affecting 0.5 to 1% of children
(Shinnar & Pellock, 2002). Increased mortality is seen in those with epilepsy due to
progression of underlying disease, seizure-related accidents, suicide, status epilepticus,
aspiration during seizures, and sudden unexplained death in epilepsy (SUDEP)(Ficker,
2000). The standardized mortality ratio (SMR) in adults with epilepsy has been reported to
be 2.5 to 3.6 when compared to the general population, suggesting adults with epilepsy have
significantly higher mortality rates (Cockerell et al., 1994, Nilsson et al., 1997).

SUDEP is a common cause of death in adults with epilepsy, accounting for 2% to 18% of
deaths in patients with epilepsy, with an incidence of 0.35 to 1.5 deaths per 1000 person
years (Annegers & Coan, 1999, Ficker et al., 1998, Vlooswijk et al., 2007, Walczak et al.,
2001). A previous population-based study of SUDEP in all patients with epilepsy in
Rochester, MN reported the incidence of SUDEP to be 0.35 deaths per 1000 person years
with a standardized mortality ratio of 23.7 when compared to the general population.
Although SUDEP was responsible for 1.7% of deaths in the cohort, 8.6% of deaths in the 15
to 44 year age group were due to SUDEP (Ficker et al., 1998). However, the incidence of
seizure-related death and SUDEP in children has been reported to be much lower.

Previous population- and community-based studies of epilepsy in children have shown
overall mortality rates of between 2.7 to 6.9 deaths per 1000 person-years (Berg et al., 2004,
Callenbach et al., 2001, Camfield & Camfield, 2005, Sillanpaa et al., 1998). The incidence
of death due to SUDEP in children has been reported to be 1.1 to 2 deaths per 10,000
person-years (Camfield & Camfield, 2005, Donner et al., 2001). A recently published cohort
of children with epilepsy (including both prevalent and incident cases) reported an overall
mortality rate of 6.9 deaths per 1000 person years (Sillanpaa & Shinnar, 2010). Epilepsy-
related deaths accounted for 55% of all deaths and 30% of all deaths were due to SUDEP
(Sillanpaa & Shinnar, 2010). This rate of SUDEP is much higher than previously reported.
Risk factors in that study included remote symptomatic etiology of epilepsy, lack of 5 year
terminal remission, and severe cognitive impairment (Sillanpaa & Shinnar, 2010). Other
previously cited risk factors for increased mortality in epilepsy include poor seizure control,
intractable epilepsy, status epilepticus at the time of initial diagnosis, history of tonic-clonic
seizures, mental retardation/neurologic deficit, and remote symptomatic cause of epilepsy
(Berg et al., 2004, Walczak et al., 2001, Camfield et al., 2002).

Few population-based studies of mortality and SUDEP in childhood-onset epilepsy have
been published. Those studies that have been published have yielded variable results, with
the most recent study demonstrating higher mortality rates than previously reported.
Therefore, the aim of this study is to report mortality and SUDEP from a 30 year population-
based incidence cohort of children with epilepsy.

Methods
Population demographics

Olmsted County, Minnesota is the home of Mayo Clinic and Olmsted Medical Center. It is
geographically isolated from other providers of tertiary care. According to the 2000 US
Decennial Census, the population of Olmsted County was 124,277 persons, with 90.3%
Caucasian. The residents of Olmsted County are largely middle class and enjoy virtually
universal access to high-quality health care. More than 95% of all medical care is provided
by Mayo Clinic or Olmsted Medical Center. All inpatient and outpatient diagnoses from the
medical records are indexed for computerized retrieval through the Rochester Epidemiology
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Project. Extensive indices are available for medical diagnoses, surgical procedures, and
tissue diagnoses (Melton, 1996, Nickels et al., 2008).

Cohort identification and information retrieved
The Medical Diagnostic Index of the Rochester Epidemiology Project was searched for all
codes related to seizure and convulsion in children between the ages birth through 17 years
who were residents of Olmsted County from 1980 to 2009. All identified charts were
reviewed by a pediatric epileptologist. All children ages 1 month through 17 years
diagnosed with new-onset epilepsy while resident in Olmsted County from 1980 to 2009 and
had follow-up beyond the initial epilepsy diagnosis were included. Children with neonatal
seizures that resolved during the neonatal period were included only if there was seizure
recurrence after age one month.

The date of epilepsy diagnosis was defined as the date the patient was first given the
diagnosis of epilepsy by a physician, and is used as the baseline visit for analyses in this
report.

The historical records of all patients were reviewed to abstract potential risk factors
including seizure mode of onset, epilepsy etiology, history of status epilepticus, the presence
and severity of neurologic impairment, and epilepsy outcome. Epilepsy outcome was
characterized by seizure frequency, number of anti-seizure medications (AEDs) used,
number of AEDs failed due to lack of efficacy, and epilepsy intractability at 1, 2, 3, 5, 10,
15, and 20 years after epilepsy onset. In addition, we followed all children through their
most recent visit to determine vital status, cause of death, and whether autopsy was
performed.

Cognitive function was assessed through either formal neuropsychometric testing (if
available) or best clinical judgment by the reviewer (KN or EW), using developmental
milestones and academic achievement to classify developmental quotient (defined as the
child’s functional/developmental age divided by the chronological age and then multiplied
by 100). Children were then classified as normal (estimated or measured developmental
quotient of 80 or higher), mildly to moderate intellectual disability (estimated or measured
developmental quotient of 50–79), or severe intellectual disability (estimated or measured
developmental quotient of <50). (Table 1)

Epilepsy was defined as being predisposed to unprovoked seizures. While the majority of
children had two or more unprovoked seizures, those who had a single unprovoked seizure
and evidence of a chronic abnormality of the brain that increased the likelihood of further
seizures and were treated with anti-seizure medications were also included (Fisher et al.,
2005). Such abnormalities included EEG findings of epileptiform discharges and
intermittent rhythmic focal delta activity, focal abnormality on neuroimaging, initial
presentation in status epilepticus, and abnormal neurodevelopmental examination. Children
with two unprovoked seizures occurring within a single day were also likely to have
epilepsy and were included (Camfield & Camfield, 2000). Children with neonatal seizures
were included if there was seizure recurrence after one month of age. Those children treated
after a single unprovoked seizure, but without any of the preceding abnormalities, and those
with only febrile convulsions were excluded. In addition, those with only acute symptomatic
seizures, defined as “seizure at the time of a systemic insult or in close association with an
acute neurologic insult” were excluded (Beghi et al., 2010, Wirrell et al., 2011).

Epilepsy was classified according to the new ILAE Commission on Classification and
Terminology 2005–2009 Report. According to the new classification scheme, epilepsy was
classified based on mode of onset (generalized/bilateral cortical or subcortical, focal/
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networks limited to one hemisphere, unknown, or spasms) and underlying etiology (due to
known or presumed genetic defect, due to structural or metabolic abnormalities, or due to
unknown causes). Epilepsy was further classified into individual specific electroclinical
syndromes and constellations, if applicable (Berg et al., 2010, Wirrell et al., 2011).
Medically intractable epilepsy was defined as one or more seizures every six months over
the year previous to follow-up and failure of two or more anti-epileptic medications for lack
of efficacy.

Definite SUDEP was defined as meeting all of the following criteria: 1) history of epilepsy;
2) death or cardiorespiratory compromise was sudden, and not the direct result of seizure or
status epilepticus; 3) death was unexpected (otherwise healthy); 4) death occurred during
normal activities; 5) no other cause of death was found, including after autopsy. Probable
SUDEP fulfilled the previous criteria, except autopsy was not performed (Donner et al.,
2001).

Statistical analysis
All statistical analyses were performed using PASW Statistics 18.0 (SPSS Inc., Chicago, IL,
U.S.A.) and SAS version 9.2 (SAS Institute, Cary, NC, U.S.A.). Cox regression models
were fit to estimate Hazards Ratios (HR) and 95% confidence intervals and p-values were
calculated. Kaplan-Meier curves were drawn for visual display of those findings of most
clinical interest. All statistical tests were performed at the conventional two-sided alpha
level of 0.05. Standardized Mortality Ratios (SMR) were calculated by using person-years
methodology and age-, sex-, and calendar-year specific mortality rates observed in the
Olmsted County population from 1980 to 2009. These rates were available as part of the
Rochester Epidemiology Project infrastructure (St. Sauver et al., 2011).

This study was approved by the Institutional Review Boards of the Mayo Clinic and
Olmsted Medical Center.

Results
Demographics

From 1980 to 2009, there were 467 children, 53% male, age one month through 17 years
diagnosed with epilepsy while residents of Olmsted County, MN with follow-up beyond the
diagnosis of epilepsy; 107 were diagnosed from 1980–1989, 160 from 1990–1999, and 200
from 2000–2009. These patients were followed for a median of 7.87 years after the time of
diagnosis (25th percentile 3.63 years, 75th percentile 14.08 years, range 0.04–29.49 years).
At last follow-up, 131 children were age 1 month to 10 years, 171 were age 10–19 years,
128 were age 20–29 years, and 37 were older than age 30 years. The neurologic exam was
abnormal (motor or sensory findings) in 119 children (25.5%) and cognitive development
was severely delayed in 83 children (17.8%) and moderately delayed in 109 children
(23.3%).

Seizures were focal onset in 317 children (67.8%), generalized in 113 (24.2%), spasms
occurred in 14 (3.0%), with the remainder of seizures being of unknown onset (19 children;
4.1%) or both generalized and focal (4 children; 0.9%). In 232 of the subjects (49.7%) the
etiology of epilepsy was unknown; 109 were genetic (23.3%), 124 were due to structural or
metabolic etiology (26.6%), and the remaining 2 children exhibited both genetic and
structural etiology. At last follow-up, the majority of subjects (389 children; 83.3%) were
treated with 0 or 1 AEDs, with the remainder of children being treated with with 2 to 5
AEDs. A total of 145 subjects (31.0%) had failed one or more AEDs due to lack of efficacy
at the time of last follow-up.
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Seizure control was excellent in the majority of patients, with 66.8% seizure-free for more
than one year at last follow-up, and an additional 10.3% were experiencing seizures only
once every 6–12 months. Frequent seizures, defined as more than one seizure every three
months, occurred in 16.9% of children. Medically refractory epilepsy was present at some
time during follow-up in 28.5% of children, but only 16.5% were intractable at last follow-
up. In addition, 20.1% of children had ever experienced status epilepticus. (Table 2)

Mortality
Sixteen (3.4%) of the children died, or 3.51 deaths per 1000 person-years. This rate was
significantly higher than the expected mortality as calculated from age-, sex-, and calendar-
year specific death rates in Olmsted County (expected deaths was 1.77, SMR = 9.04; 95%
CI 5.35–14.37; p < 0.0001). Two of the deaths were epilepsy-related (12.5%) for a rate of
0.44 per 1000 person years. One of these children died of definite SUDEP (0.22 deaths per
1000 person years) and one died of aspiration during a seizure (0.22 deaths per 1000 person
years). The remaining 14 deaths (87.5%) were due to other complications of underlying
disease, including respiratory failure related to progressive metabolic disease (4), respiratory
complications related to profound neurologic impairment (9), and complications of non-
neurologic disease (graft vs host disease) (1).

Respiratory complications of metabolic disease or profound neurologic impairment were the
cause of death in the majority of children in all attained age groups, although more deaths
occurred in the younger age group. Eleven of the children who died were in the one month
to ten year attained age group (11/131 children, 8% died); nine of these deaths (82%) were
due to respiratory complications. The other two deaths were due to SUDEP and aspiration
during a seizure. Four deaths were in the 10–19 year attained age group (4/171 children, 2%
died); three were due to respiratory complications (75%) and one was due to graft vs host
disease. One death was in the 20 years and older attained age group (1/165, 0.6% died) and
was due to respiratory complications

Risk factors for mortality
Multiple significant risk factors were identified, including abnormal neurologic exam,
intellectual disability, structural/metabolic etiology for epilepsy, history of status epilepticus,
and poorly controlled epilepsy (the use of more than one AED at last follow-up, continued
frequent seizures, and diagnosis of intractable epilepsy). Table 3 summarizes the risk factors
separately by baseline characteristics, and outcome categories. Of particular note is that only
one child without intellectual disability died, and the cause of death was non-neurologic
disease (HR for intellectual disability = 20.86, p = 0.003). Similarly, only one child with a
normal neurologic exam died (HR for abnormal neurologic exam = 41.69; p = 0.0003).
Mode of onset was not predictive of mortality, whereas a structural or metabolic etiology of
epilepsy was associated with a marked increased risk of mortality (HR=11.29, p = 0.0002).
Interestingly, an unknown etiology was associated with a significantly decreased risk of
mortality, suggesting that epilepsy of unknown etiology is more benign, at least with regards
to mortality.

Poorly controlled epilepsy was also a significant risk factor. Analyses separate within strata
of outcomes categories are presented in the bottom of Table 3. We note that the expectation
was that these analyses would show statistical significance. In particular, these analyses are
stratified on information not available at baseline, but rather information which became clear
over several years of disease progression. These analyses support that mortality in children
may be reduced or monitoring of children may be improved if we were better able to predict
certain characteristics of epilepsy early in the disease course. Namely, such clinical tools as
genetic testing, or improved diagnostics may allow children to be classified as intractable
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earlier in the disease course, and subsequently may be monitored more closely to decrease
mortality.

We also performed a Cox regression model including abnormal neurologic exam, abnormal
cognitive function, status epilepticus, and structural or metabolic etiology. On multivariable
Cox regression model of these baseline characteristics, only abnormal neurologic exam
remained statistically significant (Table 4; Figure 1).

Discussion
This was a large population-based study of 467 children over a 30 year period, with more
than 4,500 person-years of follow-up. We found an increased mortality rate in children with
epilepsy, 3.5 per 1000 person years, which is higher than expected in the Olmsted County
population (SMR = 9.04) and ten times the national mortality rate for children in 2005 of
0.32 per 1000 person years (Martin et al., 2008). The results of this study are within the wide
range of previously reported population- and community-based studies of childhood-onset
epilepsy that demonstrated mortality rates of 2.7 to 6.9 per 1000 person years (Berg et al.,
2004 , Sillanpaa & Shinnar, 2010). However, this is much lower than the 21.5 deaths per
1000 person years reported in a prospective population based study of mortality in children
and adults with epilepsy (Cockerell et al, 1994). This is also lower than the 6.90 per 1000
person years in a recently reported population-based study of children with epilepsy
(Sillanpaa & Shinnar, 2010).

The higher mortality rate seen in the recent population-based study by Shinnar and Sillanpaa
is likely related to the increased severity of disease in this cohort, as well as the longer
duration of follow-up (40 years) in that study. Remote symptomatic epilepsy and poorly
controlled epilepsy have previously been shown to be associated with increased risk for
death in children with epilepsy. This is supported by the higher mortality in children with
symptomatic epilepsy, compared to those with cryptogenic or idiopathic epilepsy, 11.1 vs
3.23 per 1000 person years, seen in the recent population-based study (Sillanpaa & Shinnar,
2010). This was also seen in our study, with mortality in those with structural/metabolic
cause being 10.1 per 1000 person years, compared to 0.9 per 1000 person years in children
with epilepsy due to genetic or unknown cause.

Furthermore, 50% of the subjects in the previous study had remote symptomatic epilepsy,
defined as “epilepsy associated with a major neurologic abnormality or insult” (Sillanpaa &
Shinnar, 2010). By contrast, 27% of the children in our study had epilepsy due to structural
or metabolic abnormalities and 29% were diagnosed with intractable epilepsy at some time
during follow-up, which is similar to the other population- and community-based studies
(Berg et al., 2004, Camfield & Camfield, 2005). Previous population-based studies of
mortality in children with developmental disabilities have also demonstrated increased
mortality, with increasing mortality reflecting increased disability (Decoufle & Autry, 2002,
Strauss et al., 1998).

Finally, although the length of follow-up in our study was shorter, a previous population-
based study of SUDEP in adults demonstrated that SUDEP was responsible for 8.6% of
deaths and another population based study in children demonstrated SUDEP was the cause
of death in 3.8% (Camfield et al., 2002, Ficker et al., 1998). Therefore, the lower mortality
rate, and especially SUDEP, in our study is not explained by the shorter follow-up. Thus, the
lower mortality rate in this population-based study, like that seen in previous population-
based studies, most likely reflects the expected mortality rate in children with epilepsy.

This study identified multiple significant risk factors for mortality in children with epilepsy,
including abnormal cognition, abnormal neurologic exam, structural/metabolic etiology for
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epilepsy, history of status epilepticus, and poorly controlled epilepsy (the use of more than
one AED at last follow-up, continued frequent seizures at follow-up, and diagnosis of
intractable epilepsy). These findings are similar to previous studies, which demonstrated
developmental delay, refractory epilepsy, and AED polypharmacy to be risk factors for
increased mortality (Berg et al., 2004, Brorson & Wranne, 1987, Callenbach et al., 2001,
Cockerell et al., 1994, Decoufle & Autry, 2002, Weber et al., 2005). However, the majority
of deaths (87.5%) were not directly related to the underlying epilepsy, but rather due to
complications, primarily respiratory, of the underlying neurologic disease. Therefore, there
were multiple epilepsy-related risk factors for mortality present in these children, and this is
likely due to poor seizure control being more common in children with neurologic
impairment.

Epilepsy-related death in our study occurred in only two of the children (12.5%), or 0.44 per
1000 person years. SUDEP occurred in only one of these children, or 0.22 per 1000 person
years. This is significantly lower than the recent study of mortality in children with epilepsy,
in which 55% of deaths were due to epilepsy and 30% of deaths were related to SUDEP
(Sillanpaa & Shinnar, 2010). However, our findings are consistent with previous studies of
SUDEP in children reported as 0 to 4% (Camfield & Camfield, 2005, Cockerell et al., 1994,
Weber et al., 2005). Therefore, the higher prevalence of SUDEP in the recent study is likely
due to the high proportion of patients with profound neurologic impairment in that cohort.

There may be several potential limitations of this study. First, this study was historical and it
is possible that we failed to find all children with epilepsy or that treatment and epilepsy
outcome was incompletely documented in the medical records. However, our incidence rates
were similar to previously published population-based studies of childhood onset epilepsy,
suggesting a complete cohort was obtained. Furthermore, we did not directly examine or
interview all children to verify syndrome classification. However, we screened the complete
Medical Diagnostic Index of the Rochester Epidemiology Project for children diagnosed at
any time with seizure or convulsion. All identified charts were then reviewed by a pediatric
epileptologist. Furthermore, complete medical records, including neuroimaging, laboratory
results, electroencephalograms, and all documentation from both the inpatient and outpatient
settings was available for each child, minimizing the possibility that information was
missed.

Mortality in children with epilepsy was higher than would be expected in the general
pediatric population. However, death occurred significantly more in children with
neurologic impairment and poorly controlled epilepsy. Furthermore, death related to
epilepsy, including SUDEP, occurred in only two patients. The remaining deaths were due
to complications of the underlying neurologic disease or unrelated disease. Mortality due to
epilepsy alone was similar to the expected mortality in children.

Although the findings of this study demonstrated significantly lower rates of mortality and
SUDEP when compared to the most recent population-based study of mortality in children
with epilepsy, this is likely due to different population demographics. In addition, we feel
our study is more consistent with other population-based studies. Therefore, although
mortality in children with epilepsy is significantly higher than the expected, a large
proportion of this excess is likely related to the underlying neurologic disease, rather than
the epilepsy. Furthermore, children with epilepsy who are not medically intractable and are
otherwise neurologically normal have an exceedingly low risk of seizure-related death.
Therefore, while it is important to counsel patients and families about the risk of seizure-
related death and SUDEP, we can be reassured that this risk is low. However, it is also
important to understand that seizure-related death and SUDEP do occur in children and the
risk factors for this, primarily the underlying neurologic disease, are not preventable.
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Significance

Although mortality in children with epilepsy was higher than what would be expected in
the general pediatric population, death occurred significantly more in children with
neurologic impairment and poorly controlled epilepsy. Epilepsy-related death, including
SUDEP, was rare and mortality due to epilepsy alone was similar to the expected
mortality in the general population (Observed deaths = 2, expected deaths = 1.77;
standardized mortality ratio (SMR) = 1.13, 95% confidence interval 0.19 – 3.73, p =
0.86). By contrast, most children died due to complications of the underlying neurologic
disease or unrelated disease rather than the epilepsy.
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Figure 1.
The Kaplan-Meier curves for mortality separate by baseline characteristics: A) neurological
examination, normal vs. abnormal; B) cognitive development, moderate to severe delay vs.
normal; C) etiology, metabolic/structural vs. other.
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Table 1

Data abstracted from medical records

Category Information

Demographics Sex

Duration of follow-up

Neurologic examination Motor/sensory exam

Cognition

History of status epilepticus

Epilepsy classification Seizure mode of onset

Epilepsy etiology

Epilepsy outcome Number of AEDs used

Number of AEDs failed due to lack of efficacy

Seizure control

Intractable epilepsy

Mortality Death status

Cause of death

Autopsy performed
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Table 2

Descriptive information of the 467 included children with epilepsy

N(%) or

Characteristic Group Median (min, max)

Number of children --- 467

Male sex --- 246 (52.7%)

Follow-up, years --- 7.87 (0.04, 29.5)

Neurological examination Normal 348 (74.5%)

Abnormal 119 (25.5%)

Cognitive development Normal 275 (58.9%)

Mild/moderate delay 109 (23.3%)

Severe delay 83 (17.8%)

Status epilepticus ever No 373 (79.9%)

Yes 94 (20.1%)

Mode of onset Generalized/ bihemispheric 113 (24.2%)

Focal/unihemispheric 317 (67.9%)

Unknown 19 (4.1%)

Spasms 14 (3.0%)

Generalized and focal 4 (0.9%)

Etiology Genetic 109 (23.3%)

Metabolic/structural 125 (26.6%)

Unknown 233 (49.7%)

Genetic and metabolic/ structural 2 (0.4%)

AEDs used at last visit No AED 190 (40.7%)

1 199 (42.6%)

2 58 (12.4%)

3 15 (3.2%)

≥4 5 (1.1%)

AEDs discontinued No failed AED 322 (69.0%)

due to lack of efficacy 1 71 (15.2%)

2 31 (6.6%)

≥3 43 (9.2%)

Seizure control at last follow-up Seizure free >12 months 312 (66.8%)

Seizure 6–12 months 48 (10.3%)

Seizure 3–6 months 28 (6.0%)

Seizure >3 every months 79 (16.9%)

Epilepsy intractable Intractable ever 134 (28.7%)

Intractable/surgery at last visit 94 (20.1%)

Children died --- 16 (3.4%)

Autopsy performed --- 2 (12.5%)

Cause of death Respiratory complications 9 (56.3%)

Progressive neurometabolic/neurodegenerative disease 4 (25.0%)
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N(%) or

Characteristic Group Median (min, max)

Seizure 1 (6.3%)

SUDEP 1 (6.3%)

Unrelated non-neurologic cause 1 (6.3%)
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Table 4

Multivariable Cox regression model.

Risk factor HR 95% CI P-value

Abnormal neurologic exam 12.80 (1.40 – 116.96) 0.02

Abnormal cognitive function 3.78 (0.42 – 33.80) 0.23

Status epilepticus, ever 1.34 (0.48 – 3.77) 0.58

Metabolic/structural etiology 2.62 (0.69 – 9.90) 0.16
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