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Objective: Childhood epilepsy with centrotemporal spikes (CECTS) (formally benign epilepsy with
centrotemporal spikes, BECTS) is a common childhood epilepsy syndrome characterized by psychiatric, behav-
ioral, and cognitive abnormalities and self-limited seizures. Although CECTS is one of the most well-
characterized electroclinical epilepsy syndromes, the natural history of neuropsychiatric outcomes is poorly un-
derstood. We report the psychiatric, behavioral, and cognitive profiles over the course of disease from a large,
prospectively-enrolled, longitudinal cohort of children with CECTS. We further characterize the detailed seizure
course and test the relationship between several proposed risk factors and neuropsychiatric and seizure out-
comes in these children.
Methods: Patients diagnosed with CECTS were enrolled as part of a community-based study and followed from
diagnosis through disease resolution (16.0 ± 3.1 years, N = 60). Twenty sibling controls were also recruited.
We report the natural history of premorbid neuropsychiatric concerns, postmorbid neuropsychiatric diagnoses,
long-term neuropsychological performance, seizure course, antiseizure medication (ASM) treatment response,
and the relationship between duration seizure-free and remission. Age at onset and premorbid neuropsychiatric
concerns were tested as predictors of seizure count, epilepsy duration, postmorbid neuropsychiatric diagnoses,
and long-term neuropsychological performance. Antiseizure medication treatment duration, seizure count,
and epilepsy durationwere tested as predictors of postmorbid neuropsychiatric diagnoses and long-term neuro-
psychological performance.
Results: Children with CECTS had a high incidence of ADD/ADHD symptoms (18.3%) or learning difficulties
(21.7%) before diagnosis. New or persistent ADHD (20%), mood disorders (23.6%), learning difficulties (14.5%),
and behavioral disorders (7.3%) were common after CECTS diagnosis. At 9-year follow-up, performance on for-
mal neuropsychological testing was comparable to population statistics and sibling controls. More than two-
thirds of treated children experienced at least one seizure during treatment. Most children (61.7%) had entered
terminal resolution after 12months seizure-free. Among all children, for eachmonth seizure-free, therewas a 6–
7% increase in the probability of achieving terminal remission (p b 1e-10). The presence of a premorbid
neurodevelopmental concern predicted a longer epilepsy duration (p = 0.02), higher seizure count (p =
0.02), and a postmorbid psychiatric or neurodevelopmental diagnosis (p = 0.002). None of the tested features
predicted long-term neuropsychological performance.
Significance: Children are at high risk of neuropsychiatric symptoms along the course of the disease in CECTS,
however, long-term cognitive performance is favorable. The majority of children had a seizure while being
treated with ASMs, suggesting that CECTS is not as pharmacoresponsive as assumed or that treatment ap-
proaches are not optimized. Among treated anduntreated children, future seizure-risk can be estimated fromdu-
ration seizure-free. The presence of a premorbid neuropsychiatric concern predicted a more severe disease
course in CECTS.
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1. Introduction

Childhood epilepsywith centrotemporal spikes (CECTS, formally be-
nign epilepsy with centrotemporal spikes, BECTS) is the most common
focal childhood epilepsy syndrome, comprising approximately 10% of
childhood-onset epilepsy cases [1–5]. Childhood epilepsy with
centrotemporal spikes is characterized by cognitive and behavioral ab-
normalities across multiple domains [6] and self-limited, stereotyped,
predominantly nocturnal, hemi-facial motor seizures that can progress
to from focal to bilateral tonic–clonic seizures. It is now established
that children with CECTS have cognitive and behavioral abnormalities
across multiple domains [6], with some suggesting that CECTS is a
mild epileptic encephalopathy [7]. Long-term epilepsy outcome is fa-
vorable, as almost all children ultimately achieve remission by age
16 years [3,8]. Long-term neuropsychological outcome remains largely
unknown as formal assessments have not been evaluated [9].

Age at onset, seizure course, duration of epilepsy, and antiseizure
medication (ASM) treatment patterns are highly variable in CECTS. Chil-
dren typically present during school-age years, though age at onset has
been reported from age 3 months to 14 years [3,8]. Approximately half
of childrenwill have five or fewer total seizures, approximately 10%will
have greater than twenty seizures, and another 10% of children will
have over 50 seizures spanning over the course of a decade [3,4]. Sixty
percent of practitioners favor treating CECTS patients with ASMs [10],
though even among treated children, there is wide variability in treat-
ment strategies, and evidence is poor to guide duration of treatment
[10–13].

Although CECTS is one of themost well-characterized electroclinical
epilepsy syndromes, there is much controversy regardingwhether spe-
cific clinical features predict disease severity. Expert opinion and retro-
spective studies have proposed that early age at onset [14–17] portends
a more aggressive seizure course. However, a prospective study in 29
patients with CECTS did not find a relationship between age at onset
and seizure count [3]. The presence of comorbid developmental disor-
ders has been associated with increased epileptiform activity [14,18],
but the relationship with seizure severity is unclear [19,20]. Addition-
ally, retrospective studies have found that younger age at onset [21,
22], seizure count [23,24], epilepsy duration [22,23], and ASM treatment
[22,25], contribute to neuropsychological symptoms, though thesefind-
ings are inconsistent [26]. Two prospective studies report opposite find-
ings between age at onset and neurodevelopment deficits; one study of
61 children with CECTS reported early age at onset was associated with
more language difficulties when tested an average of 2.2 years from
onset [27], while another study of 58 children with CECTS found that
later age at onset was associated with more symptoms of autism [28].

We characterized the neuropsychiatric profile of children at disease
presentation through epilepsy resolution, the natural history of sei-
zures, and treatment response from a large prospective US cohort of
children with CECTS followed over the duration of disease. We then
tested for a relationship between previously observed prognostic fac-
tors on seizure course and neuropsychiatric outcomes.

2. Materials and methods

2.1. Subject recruitment

All patients with a diagnosis of CECTS who were recruited into the
longitudinal Connecticut Study of Epilepsy, and followed through the
entire disease course, were selected for analysis. The methodology of
data collection has been previously described [5,29]. Briefly, children
were recruited by 16 of 17 practicing child neurologists in the state of
Connecticut from 1993 to 1997. Syndromes were characterized based
on the 1989 International League Against Epilepsy (ILAE) Commission
report supplemented by the common references at the time [30,31].
Following epilepsy diagnostic criteria at the time, children were re-
quired to have had at least two unprovoked seizures on separate days.
From this cohort, 65 children diagnosed with typical CECTS were iden-
tified. Of these, children who were followed for at least 10 years (n =
2), were seizure-free for at least 5 years at study close (n = 2), or
both (n = 56) were included. The mean duration of follow-up among
the final 60 subjects included was 16.0 ± 3.1 years.

Parent's written informed consent and child's assent were ob-
tained at entry to the study, and when children reached age, the ma-
jority of young adult consents were also obtained. This study was
approved by Institutional Review Boards at Massachusetts General
Hospital and Lurie Children's Hospital of Chicago. The original
study was conducted under the auspices of the Yale Human Investi-
gations Committee.

2.2. Data collection

Early seizure course and the presence of neuropsychiatric concerns
before epilepsy diagnosis were documented at enrollment. Parents
were asked about school performance including learning problems
and diagnosis of attention-deficit disorder (ADD) or attention-deficit
hyperactivity disorder (ADHD) or suggestive symptoms. Specifically,
parents were asked whether the child has been described using any of
the following terms: 1) held back in school; 2) immature, developmen-
tally delayed,maturation lag, or slow to develop; 3) slow learner; 4) au-
tistic; 5) aphasic, or language difficulty; 6) learning disabled;
7) minimal brain dysfunction; 8) brain damage; 9) having ADD; and
10) hyperkinetic or hyperactive. Subjects who answered yes or maybe
to at any of questions 1–8were grouped as having concerns for learning
difficulties. Subjects who answered yes or maybe to questions 9–10
were grouped as having concerns for ADD/ADHD. Information about
ongoing seizure course, treatment, and new neuropsychiatric diagnoses
were collected using structured parent interviews with parents or
young adult participants every 3–4months and periodic medical record
review over the duration of follow-up. Specifically, parents were asked
if their child had received any of the following diagnoses: 1) develop-
mental delay; 2) language problem; 3) learning disability; 4) ADHD;
5) depression; 6) anxiety; 7) obsessive compulsive disorder; 8) schizo-
phrenia; 9) conduct disorder; and 10) oppositional disorder. Subjects
who answered yes to questions 1–3 were grouped as having a learning
difficulty. Subjects who answered yes to questions 5–8 were group as
having a mood disorder. Subjects who answered yes to questions 9–
10 were grouped as having a behavioral disorder. Original phone
notes were reviewed to verify diagnoses, seizure count, seizure dates,
ASM treatments, and duration. The reports from all clinical electroen-
cephalograms (EEGs) obtained over the course of follow up were
reviewed for the presence and location of epileptiform activity, slowing,
or other background abnormalities. The reports from all clinical MRIs
obtained over the course of follow-up were reviewed for the presence
of abnormalities. In addition, 39 subjects and 20 sibling controls
underwent formal neuropsychological testing at 9 years of follow-up in-
cluding the WISC III/WAIS III, Test of Nonverbal Intelligence (TONI),
Connors Continuous Performance Test (CPT), and the Wide Range
Achievement Tests (WRAT) in reading, spelling, and arithmetic.

2.3. Statistical analysis

2.3.1. Cohort characteristics
Cohort clinical, EEG, imaging characteristics, and pre- and

postmorbid neuropsychiatric symptoms were reported using descrip-
tive statistics.

2.3.2. Long-term neuropsychological outcome
For subjectswhounderwent formal neuropsychological testing at 8–

9 years after initial enrollment, performance on each subtest was com-
pared to the populationmean and standard score using a one sample t-
test. We further tested these subtest results in 20 case–control pairs
with participants' siblings.



Table 1
Clinical characteristics of CECTS cohort. *n = 1 hippocampal asymmetry, n = 1 benign
cyst.

Cohort feature n (%)

Male 35 (58.3)
Abnormal imaging 2* (3.3)
EEG slowing 6 (10)
Extrarolandic spike–wave 4 (6.7)
Generalized spike–wave 2 (3.4)
1st degree family history 4 (6.7)
≥2nd degree family history 30 (50.0)
Febrile seizures 7 (12.0)
Treated with anticonvulsant (ever; first) 42 (70.0)

Carbamazepine 39 (92.9); 34 (80.9)
Phenytoin 10 (23.8); 6 (14.3)
Valproic acid 4 (9.5); 2 (4.8)
Gabapentin 2 (4.8)
Oxcarbazepine 1 (2.4)
Carbamazepine 1 (2.4)
Topiramate 1 (2.4)
Felbamate 1 (2.4)
Phenobarbital 1 (2.4)
Lamotrigine 1 (2.4)
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2.3.3. Clinical predictors of postmorbid neuropsychiatric diagnoses
Age at first seizure, epilepsy duration (here defined as years from

first to last seizure), total seizure count, duration of ASM treatment,
and the presence of any premorbid comorbidities were examined as
predictors in simple logistic regression models with (i) the presence of
any neuropsychiatric diagnoses and (ii) having at least one new neuro-
psychiatric diagnosis since epilepsy diagnosis as thedependent variable.

2.3.4. Clinical predictors of long-term neuropsychological outcome
Age at first seizure, the presence of a premorbid neuropsychiatric di-

agnosis, epilepsy duration, total seizure count, and duration of ASM
treatment were examined in simple linear regression models with the
performance on WISC III/WAIS III, TONI, Connors CPT, and the Wide
Range Achievement Tests (WRAT) in reading, spelling, and arithmetic
as the dependent variable.

2.3.5. Seizure course
Tomodel the distribution of ages atfirst and last seizure, wefit a ker-

nel density plot to the histograms for all subjects, and for subjects sepa-
rated by whether or not they received ASM treatment. Here, we
included children in the treated group if they were ever treated with
an ASM for a total duration of greater than one month. Observed dura-
tion of epilepsy was the time from first to last observed seizure.

2.3.6. Clinical predictors of seizure course
Age at first seizure and the presence of any premorbid concern were

examined as predictors in simple linear regression models with
(i) duration of epilepsy and (ii) seizure count as the dependent vari-
ables. To evaluate the impact of specific premorbid concerns, we also
examined the concern for learning difficulties or concern for ADHD sep-
arately as predictors.

2.3.7. Duration seizure-free and seizure risk
Tomodel the relationship between duration seizure-free and proba-

bility of achieving terminal remission, we first computed the
interseizure interval for each subject. To determine theminimum dura-
tion seizure-free required before no further seizures occurred (e.g., ter-
minal remission), we identified the longest interseizure interval for
each subject and added onemonth.We then determined the proportion
of subjects that ever had a subsequent seizure after an elapsed duration
seizure-free, measured in one month increments, beginning at
0 months and ending at 127 months. By contrast, those that never had
a subsequent seizure had entered terminal remission. To characterize
the shape of this relationship, we fit a generalized linear model (log
link, Poisson distribution transformed for proportion data).

2.3.8. Correction for multiple comparisons
To address concerns that may arise from multiple comparisons, for

each analysis above we used the Benjamini–Hochberg procedure to
control the false discovery rate (FDR), with q = 0.05 [32].

3. Results

3.1. Clinical characteristics

Childrenwith CECTS had a slightmale predominance (35/60, 58.3%).
Half (30/60) of children had a family history of epilepsy, though only 4/
60 (6.7%) patients had a first degree relativewith epilepsy. No child had
a history of neonatal seizures, and 7/60 (11.7%) had at least 1 febrile sei-
zure prior to diagnosis of CECTS. Clinical characteristics of the cohort are
included in Table 1.

3.1.1. EEG and imaging characteristics
Subjects had on average 2.55 EEGs (median 2, range 1–9). All sub-

jects had centrotemporal spikes observed on EEG. 4/60 (6.7%) subjects
had spikes reported in other lobes (2 frontotemporal, 1 occipital, 1
parietal). 2/60 (3.3%) subjects were noted to have generalized spike
and wave activity. 6/60 (10%) participants were reported as having
slowing on EEG, 3 of which were recorded within 1 week (range 0–
5 days) of the last clinical seizure (1 focal slowing, 1 generalized
slowing, 1 not specified). Three subjects were reported to have slowing
on EEG collected greater than 1week (range 9 days to 2.5months) after
the last clinical seizure (1 focal slowing, 2 generalized slowing). Of the
children who underwent neuroimaging, including research imaging of-
fered 9 years after initial epilepsy diagnosis (n = 55), one child had an
incidental finding of a benign cyst, and one child was noted to have hip-
pocampal asymmetry.

3.2. Neuropsychiatric profile and outcomes

3.2.1. Premorbid neuropsychiatric symptoms
At initial presentation, 17/60 children (28.3%) had a neuropsychiat-

ric concern (Fig. 1A). 11/60 children (18.3%) had concerns for ADD/
ADHD. 13/60 children (21.7%) had a learning difficulty. No child was di-
agnosed with autism or brain damage prior to CECTS diagnosis.

3.2.2. Postmorbid neuropsychiatric diagnoses
Longitudinal neuropsychiatric follow-up was available in 55 chil-

dren. 19/55 children (34.5%) reported a neuropsychiatric diagnosis
after CECTS diagnosis, of whom 17/55 (30.9%) had at least one new di-
agnosis without a related premorbid concern (Fig. 1B). Mood disorders
were the most common postmorbid neuropsychiatric diagnosis, pres-
ent in 13/55 (23.6%) children, including depression in 12/55 (21.8%)
and anxiety in 3/55 (5.4%). 11/55 children (20%) had a diagnosis of
ADHD after diagnosis with CECTS, 4 of whom had no premorbid con-
cerns. 8/55 children (14.5%) were diagnosed with a learning difficulty
after CECTS diagnosis, half of whom (4/8) had no premorbid learning
concerns.

3.2.3. Long-term neuropsychological outcome
Among the 39 subjects who underwent formal neuropsychological

testing 9 years after study enrollment, subjects performed above popu-
lation average across several domains (Fig. 1C). The mean Full Scale In-
telligence Quotient (IQ) was 106.1 (range: 62–144, p = 0.03), mean
verbal IQwas 106.9 (range: 71–151, p=0.015), andmeanperformance
IQ was 105.5 (68–155, p = 0.065). Verbal comprehension (109.1, p =
0.002), perceptual organization scores (107.2, p = 0.02) and freedom
from distractibility scores (104.1, p = 0.12) were above average. Sub-
jects performed higher than the population mean in reading (104.5, p
= 0.02) and spelling (104.0, p = 0.05) and average on arithmetic
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Fig. 2.Age at onset and termination of disease in CECTS. (A) Kernel density estimates of age of first and last seizure in all subjects. (B) Empirical histograms of age of first and last seizure in
all subjects. (C) Kernel density estimates of age of first and last seizure in untreated children, and (D) treated children. Age at medication end is also shown.
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(100.7, p = 0.8). Subjects performed average on the TONI, CPT omis-
sions and reactions (50.0, p = 0.93; 52.6, p = 0.5, 49.7, p = 0.82) and
below average on CPT commissions (45.2, p = 0.009); we note that
for each of these tests the population mean is 50. After correction for
multiple comparisons (see Methods, Statistical Analysis), only verbal
comprehension remained significantly different than the population
mean.

In 20 case and sibling pairs, there were no significant differences in
performance on any subtest (p N 0.08 for all tests).
3.2.4. Predictors of postmorbid neuropsychiatric diagnosis
There was no relationship between age at onset (p = 0.91; p =

0.85), duration of ASMexposure (p=0.28; p=0.39), epilepsy duration
(p = 0.08; p = 0.63), or seizure count (p = 0.09; p = 0.11), and the
presence of any postmorbid neuropsychiatric diagnosis or a new neuro-
psychiatric diagnosis respectively. The presence of a premorbid neuro-
psychiatric concern predicted the presence of a postmorbid
neuropsychiatric diagnosis (p = 0.002) as well as the development of
a new neuropsychiatric diagnosis (p = 0.02).
3.2.5. Predictors of long-term neuropsychological performance
There was no relationship between age at onset, epilepsy duration,

seizure count, nor ASM treatment duration and performance on any of
Fig. 1. There is a high burden of neuropsychiatric and behavioral diagnoses in CECTS. (A) Prem
disorders, ADHD, psychiatric disorders, and behavioral disorders. (C) Scores on formal neur
scores on each test. The black bar and diamond in the middle of the box and whisker plot rep
of 100 and standard deviation of 15. The last 4 scores are standardized to a mean of 50 and s
Verbal comp = Verbal comprehension subtest; Organize = Perceptual Organization subtes
WRAT-R = Wide Range Achievement Test (WRAT)-Reading; WRAT-S = WRAT-Spelling
Continuous Performance Test (CPT)-Omissions; CPT-Com= CPT Commissions; CPT-RT = CPT
the neuropsychological subtests measured at 9 years after diagnosis (p
N 0.06 for all tests, 56 tests measured, see Supplementary Table 1).

3.3. Seizure course, impact of treatment, and resolution

3.3.1. Overall seizure course
There was a bimodal trend in the distribution of age at first and last

seizure, with peaks in the age at first seizure near 5 and 8 years, and
peaks in the age of last seizure near 5 and 11 years (Fig. 2). The average
ages of first and last seizure were 7.2 year (range: 3.1–10.6 year) and
10.0 year (range: 4.3–22.3 year), respectively. The median duration of
epilepsy among all participants was 2.0 year (range 0.003–16.9 year),
with a median of eight seizures (mode 2, range 2–264) per child. A
quarter of participants (15/60) experienced no further seizures after
the first two unprovoked seizures required for enrollment in the
study. Twelve of 60 children (20%) had 3–5 seizures, 23/60 (38.3%)
had 6–20 seizures, and 10/60 (16.7%) children had greater than 20 sei-
zures. One child had a single unprovoked seizure during young adult-
hood, after 8 years of seizure-freedom.

3.3.2. Antiseizure medication treatment
More than two-thirds of children (42/60, 70%) were treated for at

least one month with an ASM, the majority of whom were treated
with carbamazepine (n = 39). Children were treated for a median of
orbid symptoms of learning disorders and ADHD. (B) Postmorbid diagnoses of learning
opsychological testing after 9 years. The blue dashed line represents population mean
resent the median and mean respectively. The first 10 scores are standardized to a mean
tandard deviation of 10. FSIQ = Full Scale IQ; VIQ = Verbal IQ; PIQ = Performance IQ;
t; Distract = Freedom from Distractibility subtest; Process Speed = Processing Speed;
; WRAT-A = WRAT-Arithmetic; TONI = Test of Nonverbal Intelligence; CPT-Om =
Reaction Time.



Fig. 3. Age at onset does not predict disease course. (A) Scatter plot of age at onset versus
duration of disease. (B) Scatter plot of age at onset versus total number of seizures.

6 E.E. Ross et al. / Epilepsy & Behavior 103 (2020) 106437
2.13 years (IQR1.41–2.71 years) after their last seizure before ASMwere
stopped. Of the 42 childrenwho received treatment, 29 (69%) continued
to have seizures while on ASM, all of whom had multiple seizures dur-
ing treatment (median 9 seizures, IQR 3–13). 16/29 children (55.2%)
were trialed on more than one ASM. Two children failed treatment
with two ASMs, meeting criteria for refractory epilepsy [33,34]; one of
whom received concurrent polytherapy with two ASMs.

3.3.3. Clinical predictors of seizure course
Neither age at first seizure (p = 0.37, Fig. 3A), nor treatment dura-

tion (p = 0.16) predicted epilepsy duration. There was a trend toward
younger age at onset correlating with increased seizure count, but the
strength of this relationship was weak (p = 0.05, r2 = 0.05 Fig. 3B).
Fig. 4. The number of patients with a seizure decreases with time. The number of patients at ea
confidence interval) decreases similarly for (A) all patients, (B) patients not treatedwith ASMs a
is a 50% chance of having a subsequent seizure. After 15.1 months seizure-free, there is a 33% ch
having a subsequent seizure. After 3 years seizure-free, there is an 8.1% chance of having a sub
Total seizure count tended to be moderate in children with age at
onset before 4 years (median 9, range 3–43), and visual review suggests
that the trend observed was driven by a single outlier with age at onset
at 5 years.

Having an existing neuropsychiatric concern prior to CECTS diagno-
siswas associatedwith a longer disease duration (p=0.02) and greater
total number of seizures (p = 0.02). Specific concerns for ADHD pre-
dicted a greater total number of seizures (p = 0.01). Specific concerns
for learning difficulties predicted a longer disease duration (p = 0.01)
and a greater total number of seizures (p = 0.03).

3.3.4. Duration seizure-free and seizure risk
Duration seizure-free was a reliable predictor of terminal remission.

Most children (37/60, 61.7%) had entered terminal resolution after
12 months seizure-free. After 24months seizure-free, 51/60 (85%) chil-
dren had entered terminal resolution. Using a generalized linear model
to describe these data, among all patients, for each one-month increase
in duration of time seizure-free, there was a 6.5% (95% confidence inter-
val [6.1%, 7.0%], p b 1e-10, Fig. 4A) reduction in the risk of ever having a
subsequent seizure. Analyzing only patients that never received treat-
ment with ASMs did not qualitatively change the results of the model;
there was a 6.5% reduction in the risk of ever having a subsequent sei-
zure (95% confidence interval [5.6%, 7.4%], p b 1e-10, Fig. 4B) for each
month seizure-free. A similar relationshipwas observed amongpatients
that were treatedwith ASMs (6.7%, 95% confidence interval [6.1%, 7.2%],
p b 1e-10, Fig. 4C).

4. Discussion

Utilizing data from a large, prospectively-enrolled, longitudinal co-
hort of children with CECTS, we characterize the natural history of cog-
nitive, behavioral, and psychiatric symptoms over the course of disease.
We further characterize the detailed seizure course and test the rela-
tionship between several proposed risk factors and neuropsychiatric
and seizure outcomes in CECTS. Our findings support the growing rec-
ognition that children with CECTS are at high risk of neuropsychiatric
comorbidities. These data also provide strong evidence that despite
these significant comorbidities, long-term cognitive performance is
not affected.

The high prevalence of cognitive, behavioral, and psychiatric comor-
bidities reported in this cohort is in line with recent recognition that
neuropsychiatric symptoms are common in CECTS [6,24,35]. Here,
over a quarter of children (28.3%) had neuropsychiatric concerns at di-
agnosis, and over a third of children (34.5%) had concerns over the
course of followup. Given the prevalence of neuropsychiatric symptoms
coincident with the presentation of epilepsy and abundant spikes
chmonth (asterisks) andmodel fit (solid curve is mean estimate, and dashed curve is 95%
nd (C) patients treatedwith ASMs. Among all children, after 9.1months seizure-free, there
ance of having a subsequent seizure. After 2 years seizure-free, there is an 18.3% chance of
sequent seizure.
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during non rapid eye movement (NREM) sleep, CECTS is considered a
mild epileptic encephalopathy [36] with genetic and clinical overlap
with both Landau Kleffner syndrome (LKS) and Encephalopathy with
Continuous Spike and Wave activity (CSWS) [37,38]. The severity of
symptoms can vary in CECTS, where 6.6% of children meet criteria for
a more severe epileptic encephalopathy, either LKS or CSWS [36]. Al-
though broadly reduced scores across all domains on neuropsychologi-
cal testing have been reported in childrenwith CECTSwhen tested early
in the disease [6,9,22,23,26,27,35,39–41], the duration of these cogni-
tive symptoms is poorly characterized. Here, we found thatwhen tested
9 years after enrollment, children with CECTS performed average to
above average in all domains tested. Although our sample was incom-
plete (20 out of a possible 60 case–control pairs received neuropsycho-
logical testing), we were able to control for socioeconomic status and
parental education using sibling controls, and our findings are consis-
tent with prior, smaller, observational cohorts [42,43]. These results
suggest that the cognitive symptoms in this epileptic encephalopathy
are mild enough to enable complete recovery after disease resolution.
Future studies are required to help clarify the time course of the cogni-
tive comorbidities observed in this disease andwhether they are related
to the epilepsy or a shared pathophysiological process underlies both.

Mood and behavioral disorderswere present in nearly a third of chil-
dren (30.9%) with CECTS. Of note, data on mood and behavioral disor-
ders in this cohort were collected via parent report, and children were
not formally screened for these disorders. Therefore, the rate of disor-
ders such as depression may actually be higher than reported here. Al-
though remission from these diagnoses was not evaluated here, we
note that in a 30-year longitudinal follow-up study of 32 patients with
CECTS, 34% reported at least one visit with a mental health professional
during the follow-up period, 10/32 (31.3%) had a behavioral disorder,
and 3/32 (9.4%) had a psychiatric diagnosis [4], suggesting that these co-
morbidities can be long lasting. Due to the high frequency of mood and
behavior disorders in children with CECTS, clinicians should screen for
these comorbidities when evaluating children with CECTS so that ap-
propriate supports and treatments may be offered.

Early age at onset [14–17,21,22,27], ASM side effects [22,25], uncon-
trolled seizures [23,24], and duration of disease [22,23] have been impli-
cated as potential contributors to increased epilepsy duration, total
seizure count, and neuropsychiatric outcomes, though these relation-
ships have not been consistently observed [3,26,28]. We did not find a
relationship between any of these variables and epilepsy or neuropsy-
chiatric disease severity. We note that we included children with
CECTS diagnosed according to the 1989 ILAE criteria [30], and thus chil-
dren with initial seizure onset under 3 years of age were not identified.
As very early onset epilepsy has separately been implicated as a risk fac-
tor for developmental outcome [44,45], prognostic information regard-
ing very young childrenwith clinical features otherwise consistentwith
CECTS remains uncertain. We did find a relationship between a
premorbid neuropsychiatric concern and epilepsy severity and risk of
a postmorbid neuropsychiatric diagnosis, suggesting that preexisting
symptoms may indicate a more severe disease. This finding provides
support for a common mechanism underlying both the neuropsychiat-
ric deficits and epilepsy in this disorder.

Similar to a prior prospective study [3], we found amuch higher sei-
zure burden than reported in prior retrospective studies [8]; here, more
than half of children experience greater than five seizures, and nearly
10% of children have more than 50 seizures. Although CECTS is charac-
terized as a pharmacoresponsive disease [5,36], seizures were not typi-
cally responsive to treatment in this cohort. Currently, no class I or class
II evidence for ASM treatment currently exists to supportmedication ef-
ficacy in CECTS [10,46,47] and clinical observations are confounded by
spontaneous remission [48]. These findings suggest that either CECTS
is not as responsive to medication as assumed, or that current medica-
tion approaches are not optimal, either due to drug side effects, drug
choices or doses selected. We note that only two children met criteria
for drug-resistant epilepsy [5], suggesting that ASM drug levels were
not optimized or that patients were not compliant. Future clinical trials
are needed to better understand and optimize ASM treatment in this
disease.

The prevalence of ASM treatment in CECTS is highly variable, ranging
from 29 to 86%; our cohort (70% treated with ASM) represents treatment
strategies from the turn of the century, and recent studies suggest a trend
favoring increased treatment [1,3,49–51].With recently reported cases of
sudden unexplained death in epilepsy (SUDEP) in CECTS [52], it is proba-
ble that the percent of families and practitioners who elect treatmentwill
continue to increase. To avoid unnecessary exposure to the side effects of
ASMs, guidelines onwhen to stop treatment are needed. Current practice
typically relies onwaiting for a variable duration seizure-free to occur be-
fore initiating ASM taper [53,54], although prior work supporting a rela-
tionship between seizure risk and duration seizure-free has focused on
mixed epilepsy populations with low temporal resolution [5,55–57]. His-
torically, most practitioners have counseled to treat CECTS for 1–2 years
seizure-free [53,54], though cases of ASM treatment for over 25 years
have been reported [4]. In our cohort, the median duration of treatment
was 25.5 months after the last seizure; in the prospective Dutch Study
of Childhood Epilepsy, the mean duration of ASM treatment in CECTS
was over 32 months [3]. Based on our model, after 25 months seizure-
free, ~82% of children will have entered remission. The ongoing seizure
risk may be too low to justify continuing ASM treatment this long for
some families, while the risk of seizure may still be too high at
25 months for others. The detailed data on the relationship between du-
ration seizure-free and seizure risk provided here will enable parents
and providers to select a time point for ASM taper based on risk-
benefits and personal thresholds for medication exposure and seizure
risk. This model can also inform future clinical trials of ASM efficacy
based on the natural history of remission.

We provide results from a large, prospective cohort of children with
CECTS, though some limitations exist. This cohort enrolled children only
after a second unprovoked seizure, consistent with criteria during the
1990s; recent guidelines for diagnosis of CECTS are not as stringent
[58].When usingmore liberal diagnostic criteria, asmany as 15% of chil-
drenwith CECTS do not report a second seizure [8]. Thus, our cohort ex-
cluded children with the mildest seizure course. Furthermore, our
results rely largely on parent report and not every child underwent for-
mal psychiatric and neuropsychological evaluation. Thus, while subtle
neuropsychiatric symptoms may have been missed, our results likely
reflect the most clinically prominent concerns.
5. Conclusion

Herewe report clinical characteristics and risk factors for seizure and
neuropsychological outcomes in a large prospective cohort of children
with CECTS. We find that neuropsychiatric comorbidities are common
at diagnosis and across the course of disease. However, cognitive symp-
tomsdo not persist after disease resolution. Premorbid neuropsychiatric
concerns are a predictor of epilepsy severity and a postmorbid neuro-
psychiatric diagnosis. Seizure burden and poor response to treatment
are higher than previously assumed. We confirm that duration
seizure-free is a reliable predictor of the likelihood of terminal remis-
sion. This work helps to further characterize the features of this com-
mon childhood disease, clarify clinical predictors of risk, and identify
the need for clinical trials to determine best treatment practices to opti-
mize seizure control in children who are treated with ASMs.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.yebeh.2019.07.038.
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