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ABSTRACT

Objectives: The objective of this study was to examine the association between convulsive status
epilepticus (CSE) and health-related quality of life (HRQL) during a 24-month follow-up in a mul-
tisite incident cohort of children with epilepsy.

Methods: Data were collected in the Health-Related Quality of Life Study in Children with
Epilepsy Study from 374 families of children with newly diagnosed epilepsy. The Quality of Life
in Childhood Epilepsy (QOLCE) Questionnaire was used to evaluate parent-reported child HRQL.
Hierarchical linear regression was used to examine the relationship between CSE and HRQL at
24 months postepilepsy. A total of 359 families completed the 24-month assessment.

Results: Twenty-two children (6.1%) had experienced CSE during the follow-up. Children with and
without CSE were similar, except a larger proportion of children with CSE had partial seizures
(p , 0.001). Controlling for clinical, demographic, and family characteristics, CSE was signifi-
cantly associated with poorer HRQL (b 5 24.65, p 5 0.031). The final model explained 47% of
the variance in QOLCE scores.

Conclusions: The findings suggested that not only do children with CSE have significantly poorer
HRQL compared with their non-CSE counterparts, but that this factor is independent of the
effects of demographic and clinical features known to affect HRQL. Neurology® 2014;83:752–757

GLOSSARY
CSE 5 convulsive status epilepticus; HERQULES 5 Health-Related Quality of Life Study in Children with Epilepsy Study;
HRQL 5 health-related quality of life; OR 5 odds ratio; QOLCE 5 Quality of Life in Children with Epilepsy.

The International League Against Epilepsy1 defines convulsive status epilepticus (CSE) as a
convulsion lasting $30 minutes or recurrent convulsions occurring over a 30-minute period
without recovery of consciousness between convulsions. While there has been much research
devoted to understanding the neurologic sequelae and clinical prognosis of CSE,2–6 there is little
research on health-related quality of life (HRQL) of CSE in childhood. One study demonstrated
that use of rectal diazepam for cluster and prolonged seizures was associated with better quality
of life.7 Population-based studies of adults who had epilepsy and CSE in childhood showed no
association with educational attainment, employment status, and income compared with those
who did not have CSE.3,8 These studies shed light on the social functioning aspect of HRQL. It
is important to extend assessments to encompass the multidimensionality that is central to
HRQL, which is composed of 4 domains: disease state/physical symptoms, functional status,
psychological functioning, and social functioning.9

Assessing HRQL in children who have had CSE may enhance understanding of the impact
CSE and its treatments have on children with epilepsy, allowing for more informed medical de-
cisions. Regulatory agencies now advocate for the evaluation of patient-reported outcomes,
including HRQL,10 and it is well established that a primary goal in managing childhood epilepsy
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is to optimize HRQL.11 Thus, the objective of
this study was to examine the association
between CSE and HRQL during a 24-month
follow-up in an incident cohort of children
newly diagnosed with epilepsy. It was hypoth-
esized that CSE would have a negative impact
on HRQL of children.

METHODS Participants. The data were collected in the

Health-Related Quality of Life Study in Children with Epilepsy

Study (HERQULES),12 a multisite cohort study of children 4 to

12 years of age newly diagnosed with epilepsy in Canada. Pediatric

neurologists (n 5 53) identified eligible children and their families

within their practices over a 36-month period. Inclusion criteria were

children 4 to 12 years of age with new-onset epilepsy, defined as at

least 2 unprovoked seizures, in whom diagnosis had not been

confirmed previously, seen for the first time by a pediatric

neurologist, and had a parent with sufficient English language skills

whowas primarily responsible for the child’s care for at least 6months.

Children with major comorbid, nonneurologic conditions known to

affect HRQL (e.g., asthma requiring daily medication) were excluded.

Standard protocol approvals, registrations, and patient
consents. Parents received a letter of information describing the

study and requirements of participation. Parents and neurologists

completed 4 questionnaires at postdiagnosis (baseline), and 6, 12,

and 24 months. The study protocol received approval from all rel-

evant research ethics boards.

Measures. Parent report. Children’s HRQL was measured

using the 76-item, parent-report, Quality of Life in Children

with Epilepsy (QOLCE) Questionnaire.13 The total HRQL score

is an unweighted average of the 16 QOLCE subscales (range: 0–

100), with higher scores indicating better HRQL. The QOLCE

Questionnaire has been found to be valid and reliable13 with a

standard error of measurement of 4.01.12 The standard error of

measurement of HRQL scales can be interpreted as an indicator

of the minimal clinically important difference.14

Parent depression was measured with the Center for Epidemi-

ologic Studies Depression Scale, a 20-item scale that assesses

symptoms of depression over the past week.15 Higher scores indi-

cate greater impairment (range: 0–60).

Level of family functioning was measured using the Family

Adaptability, Partnership, Growth, Affection, and Resolve, which

assesses satisfaction with family relationships.16 It is a valid and

reliable, 5-item, 5-point Likert response scale whereby higher

scores indicate greater satisfaction (range: 0–20).16

Family demands were measured using the Family Inventory

of Life Events and Changes (71 items), which assesses life events

experienced by a family during the previous year.17 Higher scores

indicate more demands (range: 0–71), and reliability and validity

are well established.17 Internal consistency reliabilities for all

parent-reported measures have been reported previously.12

Neurologist report. Neurologists reported whether children

had experienced CSE (no/yes), either with the onset of their epi-

lepsy or at any time in the subsequent course, based on standard

clinical practice, which typically applies a 30-minute duration as

the definition of CSE and has been used in recent investigations.

Severity of epilepsy was assessed with the Global Assessment

of Severity of Epilepsy,18 a single-item, 7-point measure used by

the neurologists to rate the overall severity at epilepsy outset and

at each of child’s continuing visits. Lower scores indicate more

severe epilepsy. Validity and reliability of the Global Assessment

of Severity of Epilepsy has been demonstrated.18

Neurologists also reported on seizure type (generalized;

localization-related [partial]; partial onset, secondary generalization;

undetermined) and frequency (7-point scale ranging from “not at

all frequent” to “extremely frequent” since the last clinic visit), age

at onset, and medication information (number of antiepileptic

drugs, side effects). Behavior and cognitive problems were assessed

clinically and scored by the neurologist using single-item measures

as having “severe,” “moderate,” “mild,” or “no problems.” Behavior

and cognitive problems were then recoded as either present or

absent. Evaluation of child cognitive and behavior problems noted

by the neurologist during each visit were not based on any formal

diagnostic assessments, unless information was provided by parents

or teachers, or neuropsychological records obtained from the school

or hospital.

Statistical analysis. Analysis was done using SAS 9.2 (SAS

Institute Inc., Cary, NC). Type I error was set at a 5 0.05,

and hypothesis tests associated with the effect of CSE on HRQL

were 1-sided given that it is unlikely that CSE would improve

HRQL.3 Baseline comparisons of children with and without CSE

who completed the 24-month follow-up were made using

nonparametric methods: Wilcoxon-Mann-Whitney and x2 tests.

For comparisons within these 2 groups (with and without CSE)

over time between baseline and 24 months, McNemar tests were

used for categorical variables and Wilcoxon signed rank sum and

paired t tests were used for continuous variables.

To investigate the main objective of this study, hierarchical,

multiple regression was used to quantify the effect of CSE on

HRQL at 24 months, controlling for potential confounding fac-

tors. Using this approach, unique sets of confounders were

sequentially added to the initial unadjusted model. The order

of sets of confounders to be added to the model was determined

a priori: (1) child demographics (age, sex); (2) clinical character-

istics (severity of epilepsy, seizure type, age at onset, number of

antiepileptic drugs, side effects of antiepileptic drugs); (3) comor-

bid conditions (behavior, cognitive problems); and (4) family fac-

tors (parent depression, family functioning, and family demands).

Multiple imputation was used to account for data assumed to be

missing at random.19 Estimates from 5 imputed datasets were

combined to obtain unbiased estimates of effect and presented.

RESULTS Sample characteristics. Of the 456 eligible
children, 374 parents (82%) returned completed post-
diagnosis questionnaires. A total of 359 (96%) com-
pleted the 24-month questionnaire and 283 (62%)
completed all 4 questionnaires. Among children who
had CSE, there were no clinical or demographic
characteristics associated with missing data. However,
among children who did not have CSE, those with
missing data were more likely to have cognitive
problems (odds ratio [OR] 5 1.95, p 5 0.0126),
parents with elevated symptoms of depression (OR 5

1.03, p 5 0.022), and families with elevated demands
(OR 5 1.04, p 5 0.030) compared to those with
complete data.

Seventeen of 374 children (4.6%) had experienced
CSE by the time of the baseline assessment and 5
children additionally experienced CSE within the fol-
lowing 24 months. Overall, 22 of 359 (6.1%) had at
least one episode of CSE during the first 24 months of
their epilepsy onset. A comparison of baseline clinical
and demographic characteristics of children who
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completed the 24-month follow-up is shown in
table 1. There were no significant differences between
children with and without CSE regarding clinical,
demographic, or family characteristics, with one
exception. There was a larger proportion of children
with CSE who had partial seizures compared to
children without CSE at baseline.

Among children with CSE, clinical and demo-
graphic characteristics were relatively stable between
assessments, but significant differences were observed
for severity of epilepsy and proportion of cognitive
problems. Whereas severity of epilepsy lessened from
baseline to 24 months (p5 0.008), the proportion of
children with CSE and comorbid cognitive problems
increased markedly (p5 0.031). In contrast, children
without CSE showed improvement in a number of
child and family characteristics: HRQL (p , 0.001),
severity of epilepsy (p , 0.001), and parent depres-
sion (p 5 0.016). Co-occurring with these improve-
ments were increases in the number of antiepileptic
drugs prescribed (p 5 0.001), proportion of children
with behavior and cognitive problems (p, 0.001 for
both), as well as more family demands (p 5 0.002).

Modeling the impact of CSE on HRQL at 24 months.

Each step of the hierarchical multiple regression
model is presented in table 2. In the unadjusted model,
CSE had a significant negative effect on HRQL at 24
months. In other words, HRQLwas significantly poorer
among children who had experienced CSE during the

24-month follow-up compared with children who
did not have CSE. In the second step, children’s
demographic characteristics were included in the
model. Whereas children’s demographic charac-
teristics had no impact on HRQL, CSE remained.
In the third step, clinical characteristics were added
to the model and more severe epilepsy was found to
be associated with poorer HRQL. The effect of CSE
continued to be significant and, in fact, its magnitude of
effect increased slightly with the addition of clinical
characteristics to the model. In the fourth step,
comorbid conditions (behavior and cognitive problems)
were added to the model and found to be significantly
associated with HRQL. While the effect estimate for
CSE was reduced, CSE remained a significant risk
factor for HRQL. In the fifth step, family factors were
added to the model and parent depression, family
functioning, and family demands were all found to be
significantly associated with HRQL. In this final model,
CSE remained significantly associated with HRQL. The
model fit the data well with an adjusted R2 5 0.47 and
F13,360 5 25.52 (p , 0.001). Results of the regression
model are illustrated in the figure.

DISCUSSION Because there is little research on the
effect of CSE on HRQL in children with epilepsy,
particularly in the first 2 years after diagnosis, it is dif-
ficult to place the current findings in the context of
what is known in this field. An added challenge is that

Table 1 Baseline clinical and demographic characteristics for children completing the 24-month follow-up

CSE (n 5 22) Non-CSE (n 5 337) x2/z p Value

Child demographics

Sex, % male 47.1 54.1 0.31 0.575

Age at study entry, y 6.5 (2.5) 7.6 (2.3) 21.88 0.061

Clinical characteristics

Epilepsy severity, GASE 6.3 (0.9) 6.3 (1.0) 20.25 0.802

Seizure type, % partial 100.0 60.2 7.71 0.004

Age at onset, y 6.0 (2.5) 7.0 (2.4) 21.54 0.124

No. of antiepileptic drugs 1.0 (0.4) 0.9 (0.6) 1.10 0.271

Severity of medication side effects 1.4 (0.9) 1.4 (0.9) 0.03 0.977

Comorbid conditions

Behavior problems, % 0.0 14.9 2.08 0.226

Cognitive problems, % 15.4 15.3 0.01 0.999

Family factors

Parent depression, CES-D 13.9 (6.9) 11.5 (10.0) 1.90 0.058

Family functioning, APGAR 13.0 (4.2) 14.2 (3.7) 1.00 0.317

Family demands, FILE 9.1 (4.9) 7.8 (5.6) 1.33 0.183

Abbreviations: APGAR 5 Adaptability, Partnership, Growth, Affection, and Resolve; CES-D 5 Center for Epidemiologic
Studies Depression Scale; CSE 5 convulsive status epilepticus; FILE 5 Family Inventory of Life Events and Changes;
GASE 5 Global Assessment of Severity of Epilepsy.
Unless specified, data presented are means (SD).
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previous studies in pediatric epilepsy have not inves-
tigated HRQL as a multidimensional construct,9

but instead examined particular components of
HRQL (i.e., behavior, cognition, and disease state/
symptoms). In most studies, CSE appeared to have a
negative effect on developmental cognitive outcomes
that were assessed,2,4 on average, 1 to 3 years since the
diagnosis of epilepsy. For inclusiveness, we conducted
post hoc analyses, both unadjusted and adjusted, of
the relationship between CSE and behavior and cog-
nitive problems in our sample of children with epi-
lepsy. Our findings did not suggest an association
between CSE and behavior or cognitive problems at
24 months (data not shown). These discrepant find-
ings are likely attributable to the differences in the
patient profiles and assessment of cognitive outcomes.

Of particular importance is the finding that not only
do children with CSE have significantly poorer HRQL
compared with their non-CSE counterparts, but that
this factor is independent of the effects of demographic
and clinical features known to affect HRQL. Our study
adds CSE to the list of robust clinical and family risk
factors for HRQL in pediatric epilepsy.12,20–22 The hier-
archical model presented may have clinical utility in
aiding health care professionals to identify which chil-
dren may be at risk for compromised HRQL, thus

potentially informing medical treatment decisions in
the context of family-centered care.

While this research contributes to our understand-
ing of the impact of CSE on HRQL in pediatric epi-
lepsy, important questions remain unanswered. It is
unknown whether children with CSE will rebound
and subsequently report similar HRQL to their coun-
terparts without CSE. Notably, a population-based,
long-term prospective study of adults with childhood-
onset epilepsy demonstrated no significant differences
in educational attainment and employment, marital,
and socioeconomic status between those who had
CSE in childhood and those who did not.3 That study
excluded children with subnormal IQ, however.
Because CSE, low IQ, and poor psychosocial outcomes
are all associated with remote symptomatic etiology,
excluding children with low IQ may have truncated
the range over which a true association between CSE
and these outcomes may be observed.

It is also noteworthy that similar to previous studies
of CSE in children with epilepsy, long-term follow-up
studies of adults diagnosed with epilepsy as children are
limited by their focus on important qualitative markers
of social and educational outcomes to provide insight
into the setting and extent of these problems. How-
ever, other important quantitative components of

Table 2 Hierarchical regression of the influence of CSE on health-related quality of life

Unadjusted Model A Model B Model C Model D

R2 (adjusted) 0.01 0.01 0.20 0.34 0.47

CSE 27.34 (3.23)a 27.31 (3.23)a 27.49 (3.05)a 25.67 (2.83)a 24.65 (2.47)a

Child demographics

Sex 0.69 (1.59) 1.88 (1.43) 0.48 (1.37) 1.64 (1.26)

Age 20.05 (0.34) 21.16 (0.66) 21.15 (0.61) 20.91 (0.61)

Clinical characteristics

Epilepsy severity, GASE 5.82 (0.83)a 5.00 (0.81)a 4.04 (0.74)a

Seizure type 0.53 (1.49) 0.80 (1.38) 0.99 (1.30)

Age at onset 1.04 (0.65) 0.89 (0.60) 0.84 (0.61)

No. of AEDs 21.42 (1.53) 21.17 (1.36) 21.21 (1.32)

Side effects of AEDs 1.55 (1.18) 1.69 (1.14) 1.45 (0.97)

Comorbid conditions

Behavior problems 25.87 (1.65)a 23.75 (1.61)a

Cognitive problems 27.60 (1.71)a 27.27 (1.62)a

Family factors

Parent depression, CES-D 20.25 (0.08)a

Functioning, APGAR 0.60 (0.20)a

Demands, FILE 20.39 (0.16)a

Abbreviations: AED 5 antiepileptic drug; APGAR 5 Adaptability, Partnership, Growth, Affection, and Resolve; CES-D 5

Center for Epidemiologic Studies Depression Scale; CSE 5 convulsive status epilepticus; FILE 5 Family Inventory of Life
Events and Changes; GASE 5 Global Assessment of Severity of Epilepsy.
Values denote b (standard error).
a These estimates are statistically significant at p , 0.05.
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HRQL (e.g., disease state/symptoms, psychological
functioning) that fall within the spheres of influence
of health care professionals and health care systems9

have not been investigated at 2 years postdiagnosis.
Long-term prospective studies have suggested little or
no association between CSE and individual domains of
HRQL such as social outcomes (e.g., educational
attainment, employment) and disease state/symptoms
(e.g., relapse).3,8,23 In contrast, one study demonstrated
that CSE was associated with neurodevelopmental im-
pairments in children with epilepsy at 6 weeks.4 This
contrasting evidence indicates that the influence of
CSE on HRQL may be quite different within 2 years
postdiagnosis vs more than 2 years and warrants fur-
ther investigation to determine when during the course
of childhood epilepsy the effect of CSE on HRQL
dissipates. In addition, it is important to address
whether a dose-response gradient is present between
CSE and HRQL after repeated episodes of CSE. Such
gaps in the knowledge base can only be addressed with
further longitudinal research that uses robust epidemi-
ologic methodologies.

The following aspects of our study are notewor-
thy. First, the HERQULES sample, with its large
population-based cohort of incident cases of pediatric
epilepsy with very good response and retention rates
and minimal missing data, offers a unique opportu-
nity to address the clinical association of CSE and
HRQL. Second, the incidence of 6.1% for CSE in
HERQULES was similar to previous research in chil-
dren newly diagnosed with epilepsy.24 Third, HRQL

was measured using the QOLCE Questionnaire—a
valid and comprehensive instrument that is psycho-
metrically sound and widely used. Fourth, an exten-
sive set of confounding variables was measured and
adjusted for in the analysis to minimize bias and pro-
duce accurate estimates of effect.

Notwithstanding these strengths, there are some lim-
itations of the current study. First, the number of chil-
dren with CSE was relatively small, potentially
reducing the external validity of the findings. Second,
as a result of the small number of children with CSE,
we were unable to assess how CSE might influence the
change in HRQL over time usingmore complex analytic
techniques or a dose-response effect of recurrent episodes
of CSE. Third, assessment of HRQL was limited to par-
ent proxy reports. This may be problematic given that
previous research has suggested that parents and children
have poor agreement on measures of HRQL and may
provide different perspectives on HRQL.25 Fourth,
important details surrounding CSE—focal or general-
ized, whether it occurred once or more than once, and
whether it occurred before treatment or while on treat-
ment—were not available in the current study.

CSE has a significant detrimental impact on
HRQL, which is apparent at 24 months after epilepsy
diagnosis in children. Important unanswered ques-
tions remain about the nature of the relationship
between CSE and HRQL—Do the effects of CSE
continue after 24 months post–epilepsy diagnosis
and persist into adulthood? Do recurrent episodes
of CSE have an additive effect that further reduces
HRQL? Research that addresses these questions will
be a valuable contribution to understanding HRQL
and improve the lives of children with epilepsy and
their families.
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Figure Impact of CSE on health-related quality
of life

Convulsive status epilepticus (CSE) was coded as absent or
present. The error bars represent the 95% confidence in-
tervals surrounding the Quality of Life in Childhood Epilepsy
(QOLCE) Questionnaire scores controlling for the confound-
ers described in table 2.
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