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Abstract
Objective—Determine the probability of attaining complete remission in children with
nonsyndromic epilepsy over the course of ≥10 years from initial diagnosis; identify early
predictors of complete remission; and assess the risk of relapse after achieving complete
remission.

Methods—In a prospective community-based cohort, complete remission was defined as 5 years
seizure-and medication-free. Any subsequent seizure for any reason was a relapse. Uni- and
bivariate analyses were conducted with standard methods including the Kaplan-Meier approach.
Proportional hazards modeling was used for multivariable analysis.

Results—Of 613 cohort members, 347 had nonsyndromic epilepsies of whom 294 (85%) were
followed ≥10 years (max=17.9). 170/294(58%) achieved complete remission of whom 10 (6%)
relapsed. Seizure outcome at 2 years (remission, pharmacoresistant, unclear) (p<0.0001) and
underlying cause (p<0.0001) distinguished groups with complete remission ranging from ~20% to
~75%. Older age at onset was independently associated with a poorer chance of complete
remission. Relapses occurred up to 7.5 years after attaining complete remission and were
marginally associated with underlying cause (p=0.06).

Interpretation—Complete remission occurs in over half of young people with nonsyndromic
epilepsy and generally persists. Meaningful but imperfect predication is possible based on
underlying cause and early seizure control. The finding of age effects may play a role in
meaningful identification of phenotypes which could become fruitful targets for genetic and
imaging investigations in these otherwise poorly differentiated epilepsies.

Complete cure or remission of seizures with no further need of treatment is the most desired
seizure outcome and an ultimate goal in epilepsy care. How often this occurs and in whom is
not fully answered. Numerous studies have examined remission and relapse in epilepsy 1–6

and relapse after stopping medication 7, 8; however, these approaches have yet to be
integrated to provide an overall assessment of the chances for complete remission.

Another difficulty is definitional. Studies use the term “terminal remission 9. In fact, this
outcome cannot be truly ascertained without following patients until death. Consequently a
reasonable marker is needed. We examined one such marker, five years seizure and drug-
free, to determine the probability of achieving such an outcome, whether it endures, and the
clinical factors associated with it. A third consideration is that the literature contains studies
of mixed ages including adults in whom electro clinical syndromes are relatively unhelpful
given the current state of knowledge and children in whom 40–50% can be diagnosed with
specific syndromes which have well defined natural histories. Finally most of the literature
is based on cohorts in whom neuroimaging was not routinely available. In this analysis, we
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focused on cases whose epilepsy did not meet any of the criteria for well-defined electro-
clinical syndromes and who had either focal seizures or generalized convulsive seizures
(“nonsyndromic epilepsy,” NSE). These are the types of epilepsies most commonly seen in
adults 10.

Methods
In a prospectively identified and followed community-based cohort of 613 children with
onset of epilepsy between the ages of 1 month and 16 years, we studied those followed ≥10
years after initial diagnosis of epilepsy. Information was collected through initial parent
interview, repeated follow-up calls every 3–4 months, review of all baseline medical records
and continued review of new records as they accumulated 11. Electroclinical syndromes
were classified by pediatric epileptologists at onset and then two years later based upon
accumulated information 12. For these analyses, we focused on only those epilepsies that did
not fit well-defined electroclinical syndromes based on information available at initial
diagnosis and for up to two years after diagnosis. Subjects with developmental
encephalopathies or whose epilepsy partially fit well defined syndromes but who could not
be confidently diagnosed were also excluded. We included children with nonsyndromic
epilepsy with focal onset seizures or convulsions of unclear onset.

Subjects were further separated into those with and without evidence of an underlying brain
disorder to which the cause of the epilepsy might be attributed. Such evidence included
structural abnormalities on imaging, abnormal neurological exam, a history of a neurological
insult, or intellectual disability or autism spectrum disorder (ASD) preceding the onset of
epilepsy. Most of this information was ascertained at initial onset or shortly thereafter.
Approximately 2/3s of the study group had MRIs during the initial clinical evaluation 13.
We performed research scans on over half of this study group (for some it was the only MRI
performed). When research scans were not performed, we attempted to obtain original scans
for central reinterpretation14. We used the best imaging information available with priority
given in descending order to research MRIs (unless post-surgical), reinterpreted MRIs, non-
reinterpreted MRIs, and CT scans. This sometimes meant that we included information from
MRIs performed later (e.g.. research scans). When scans were done as part of the initial
evaluation, abnormalities were generally found on those scans except in a few instances
when CT was used. In fact recent recommendations are that children should have an MRI at
onset 15, 16, consequently the abnormalities that were found later would have been found at
initially. We adopted recent recommendations regarding terminology 17 and refer to these
epilepsies as either having structural/ metabolic causes or as being of unknown cause.
Potential prognostic factors examined included early seizure outcomes at 2 years post
diagnosis: early remission (≥12 months seizures free at 2 years),early pharmacoresistance
(failed trials of 2 drugs by 2 years),neither seizure free or had failed 2 drugs (“unclear”). A
drug was considered to have failed if it was appropriate for the form of epilepsy, and was
given an adequate trial with evidence that the physician had made attempts to optimize the
dose. This definition was used in previous reports from this study 18, 19 and its main
components were recently adopted in a consensus statement from the International League
Against Epilepsy 20. We also considered initial seizure frequency, any status epilepticus up
through the second year after diagnosis, and family history of epilepsy in a first degree
relative.

The outcome (“complete remission”) required a period of at least five years drug-free in
addition to being five years seizure-free. Thus, someone could be five or even ten years
seizure-free but not be considered in “complete remission” if still on medication or if
medications were stopped within the past five years. Any seizure that occurred for any
reason after attaining complete remission was considered a relapse.
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Analyses were performed using standard techniques for bivariate comparisons. Kaplan-
Meier survival curves were used to analyze time to complete remission and for relapse after
complete remission. Bivariate and multivariable analyses were performed with proportional
hazards models (SAS, 9.2).

Initially, parents provided informed written consent and study subjects, when able, informed
assent. As subjects reached their 18th birthday and unless they were unable to do so due to
intellectual disability, they were invited to participate as adults and written informed consent
was obtained from them directly. Ethics committees of all involved institutions approved all
procedures used in this investigation.

Results
Of the original 613, 347 (57%) met our criteria for NSE of whom 294 (85%) were followed
at least 10 years. Those followed <10 years were 1.5 years older at onset of epilepsy
(p=0.02) and had higher mortality (p=0.04) than those followed ≥10 years. Other wise those
followed ≥10 versus <10 years were similar with respect to other clinical factors including
early seizure outcomes and underlying cause (Table 1).

In those followed ≥10 years, 262 (89%) participants had MRIs of whom 170 had study
scans, 48 re-interpreted scans, and 44 non-reinterpreted scans. Another 17 (6%) had a CT
scan and 15 (5%) had no imaging. The average age at onset was 5.5 years (SD 4.0),
146(49%) were female, and the average length of follow-up was 14.4 years (max 17.9).

Of the 294,170 (58%) achieved complete remission (both seizure and drug free for ≥5 years;
Figure 1a). The probability of achieving complete remission by 5, 8, 10, and 15 years after
diagnosis of epilepsy was 3%, 31%, 46%, and 60%. The average duration of follow-up after
attaining complete remission was 6.4 years (range 0.2 to 11.3). Ten (6%) of subjects in
complete remission experienced a relapse. Relapses occurred 0.4 to 7.5 years after the date
of attaining complete remission; the probability of relapse at 1, 5, and 8 years after complete
remission was 1%, 5%, and 8% (Figure 1b). Another 46 individuals had a five year seizure,
but not drug-free remission. Sixteen (33%) relapsed, 8 once drugs were discontinued.

Predictors of Complete Remission
Good early seizure outcomes (Figure 2) and epilepsy of unknown cause (Figure 3) were
associated with a higher likelihood of complete remission whereas status epilepticus and
older age at onset were associated with a poorer chance. Other factors (including family
history of epilepsy, history of febrile seizures, and initial seizure frequency) were not
associated with complete remission (Table 2). Early outcome and underlying cause together
distinguished groups with a chance of complete remission ranging from about 19% to 77%
(Table 3, Figure 4).

In a multivariable proportional hazards model, epilepsy of unknown cause (rate ratio (RR)=
2.1; 95% CI= 1.4, 3.1, p=0.0001) and better early seizure outcome ( RR=2.1 for each
increment from early pharmacoresistance to unclear, and unclear to early remission, 95% CI
1.6, 2.7; p<0.0001) were associated with a greater chance of achieving complete remission.
Older age at onset was associated with a poorer chance of complete remission; however,
almost all of the effect appeared to be due to the oldest age group. Those who were 10 years
old at the time of their first seizure were less likely to achieve complete remission (RR=0.57,
95% CI 0.370.88, p=0.01). After adjustment for these three factors, status epilepticus was no
longer statistically significant (RR=0.65, 95% CI 0.391.11, p=0.12). None of the other
factors considered in table 2 was statistically significant after adjustment for these first three
factors.
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Of the ten individuals who relapsed, one had difficulty regaining seizure control, and eight
were seizure-free for periods of greater than 1 year, one of whom became 5 years seizure-
free but not medication-free. The last was not consistently taking medication. Early seizure
outcome was not significantly associated with relapse after complete remission;, 5%, 8%
and 0% relapsed in those who were seizure-free, with unclear outcome and
pharmacoresistant at two years respectively (p=0.6). Six (4%) in the group with unknown
cause relapsed versus 4(12%) in the group with structural brain lesions or related disorders
(p=0.06, based upon product-limit estimate).

Epilepsy surgery was performed on 17 individuals, 14 five of whom achieved complete
remission including 4 individuals with tumors and one with a hypothalamic hamartoma.
Two had been pharmacoresistant prior to surgery (including one with a tumor).

Discussion
The prognosis for cure of seizures is of particular interest to people with epilepsy. There is
no consensus definition of complete remission or cure of epilepsy short of one that would
require following a patient to the end of life and demonstrating no further seizure activity.
Our definition, 5 years seizure-free is frequently used in long-term studies of
epilepsy 1, 2, 5, 9, 21. The added requirement that patients also be five years drug-free is not
explicitly used in the other studies; however, several refer to five years seizure-free off
drugs 1, 9, 21. We found complete remission to be a meaningful but not absolute marker for
continued remission, at least over the additional time patients have so far been followed. A
small but definite risk of relapse remained for several years with the last relapse observed
thus far occurring almost eight years after achieving complete remission. Most patients who
relapsed attained some degree of seizure control. Our finding that one went on to have
difficulty with seizure control is consistent with that reported in a Canadian cohort 8. Earlier
reports, some from this study, demonstrated that brief remission (≥1 year) are relatively
nonrobust indicators of long-term seizure outcome as many epilepsies follow a relapsing-
remitting course and pharmacoresistance can develop after a significant but still relatively
brief period of remission 19, 22, 23. Complete remission as we have defined it is a meaningful
target for long-term seizure outcome.

Our definition of complete remission is composed of two factors, the actual cessation of the
seizure propensity and the decision to stop medications. The first is a function of the
underlying biology. The second is a personal and clinical decision on the part of the patient
or parent and the physician and is likely influenced by perceived risk (e.g. underlying cause,
early seizure outcome, etc).

The same consideration arises in determining early treatment outcomes and control of
seizures. Identification of early pharmacoresistance depends on the physician prescribing an
appropriate medication, following a reasonable titration scheduled and then deliberately
increasing the dose in the face of continued seizures until it is determined that a drug has not
succeeded, and then moving on to another drug and doing the same. There is likely variation
across practitioners in how aggressively drug failure is determined. Patients and care givers
play a role as well in that good compliance is necessary. As we have defined these
outcomes, early seizure control at 2 years can be temporally independent of complete
remission.

There are several report son prediction of seizure outcome, variously defined and ranging
from remission to pharmacoresistance. We have previously made the point that one is not
the full complement of the other and that there is a range of outcomes between the two 24.
Regardless, for the purposes of summarizing the literature, it may be reasonable to expect
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that factors associated with an increased likelihood of remission should generally be
associated with a decreased likelihood of pharmacoresistance and vice versa.

Comparisons among studies are further complicated by differences in the study groups. The
cohorts published in the literature tend to use one of two main approaches. Either they
include patients of all ages (children and adults combined) or they focus only on the
pediatric age range. In the pediatric cohorts and in addition to electro-clinical syndromes, the
evidence of a brain abnormality (including abnormal motor exam) is usually associated with
a poorer seizure outcome6, 21, although in one analysis from the Dutch study this was not the
case after adjustment for of a set of electroclinical syndromes (previously termed
“idiopathic”) with a known good seizure prognosis 9. More selective series of temporal lobe
epilepsy also report that an MRI abnormality is predictive of poor seizure outcome 25, 26. In
the first ever epidemiological study of remission, the presence of a secondary cause (e.g.
acquired lesion) was associated with a poorer chance of attaining remission off medication
but was not clearly associated with a lower chance of remission on medication 1. By
contrast, patients with neurological deficits presumed to be present from birth (e.g. cerebral
palsy) and who would mostly have had childhood onset epilepsy, had a much lower chance
of remission regardless of treatment. A similar distinction was made in the British study in
which cases were characterized as “idiopathic” (no identified underlying cause), remote
symptomatic (acquired lesions), and congenital deficits (e.g. cerebral palsy) 5. Similar to the
previous study, the group with congenital deficits but not with secondary acquired lesions
had a poorer chance of remission relative to their “idiopathic” group. No distinctions were
made regarding whether patients continued on medication. In two other studies of mixed
ages underlying structural/metabolic conditions or indicators of a brain disorder (abnormal
exam) were not associated with remission 4 or pharmacoresistance 3.

Our approach strips away the group of epilepsies with well-defined prognoses and whose
inclusion, especially in mixed age cohorts, creates difficulties for interpretation of findings.
In children with nonsyndromic epilepsies similar to those seen in adults, underlying
structural/metabolic causes are an important determinant of seizure outcome. This is likely
what the findings for “congenital” neurological abnormalities reflects in the US 1 and British
cohorts 5.

The results of these various studies also suggest that the prognosis for nonsyndromic
epilepsy secondary to underlying structural-metabolic conditions differs in children versus
adults. Certainly the causes themselves vary with more acquired insults (stroke, trauma,
tumor) seen in adults and more congenital insults (intrauterine insults, malformations of
cortical development, genetic encephalopathies) seen in children. The lack of routine
neuroimaging in most of these studies also raises questions about how thoroughly structural
and other causes were identified.

Age at onset is an important feature of many of the electroclinical syndromes. The studies of
mixed ages as well as some of the pediatric studies tend to find that younger age at onset
(variously defined as <12 or <16, or <20) is associated with a better outcome than older age
at onset 1, 4–6. In the mixed-ages studies, some of this may be due to the large proportion of
pediatric patients with specific self-limited electroclinical syndromes such as childhood
absence or benign rolandic epilepsy. In a combined analysis of two pediatric cohorts, older
age at onset (>12 years) was associated with poorer outcome after adjustment for some but
not all electroclinical syndromes and other factors 6. Our finding of poorer prognosis
associated with onset in the second decade should be viewed cautiously as it is somewhat
novel and not truly demonstrated in other cohorts free of the influences of specific age-
related electroclinical syndromes. If it holds up, this could provide some initial clues for
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defining meaningful clinical phenotypes to guide not only counseling of patients but also
targeted investigation into mechanisms underlying these poorly differentiated epilepsies.

In addition to underlying cause, and possibly age, early seizure control is also an important
indicator of later outcome. This has now been seen in several studies 2, 3, 9, 21. For
nonsyndromic epilepsy in our cohort, cause and early seizure control alone provided
meaningful prognostic information, separating patients into those with only a ~20% to those
with a~75% chance of complete remission.

Strictly speaking, this is not a population-based cohort. We have previously compared our
community-based cohort to another population-based cohort from Nova Scotia, Canada with
respect to a number of benchmark characteristics and demonstrated that our study is highly
comparable to one that is generally accepted as population-based consequently we can
expect our nonsyndromic group to be representative of nonsyndromic epilepsies in the target
population as well 14. As those lost before 10 years are similar to those followed ≥10 years
in terms of their early seizure outcomes and proportion with underlying conditions, both key
predictors of complete remission, it is unlikely that substantial bias has been introduced by
the exclusion of 15% of the study group who were lost early. We believe that our results
provide a valid assessment of complete remission for nonsyndromic childhood-onset
epilepsy diagnosed in the community.

The length of follow-up is over a decade although other, older studies, have much longer
follow-up periods 27, 28 due to when the studies began. An advantage of our study is the
close prospective follow-up with frequent (3–4 times per year) family contact combined
with access to medical records. In addition, 95% of our study group had neuroimaging, 89%
with MRI, which permitted detection of structural brain abnormalities that might otherwise
have been found only if patients were extensively investigated for pharmacoresistance.

In conclusion, our results provide clinically relevant prognostic information about a large
group of childhood-onset epilepsies for which such information was not previously
available. They also underscore the importance of identifying underlying structural or
metabolic causes early, including the use of MRI in most forms of epilepsy and the
importance of rapidly determining drug responsiveness 20.
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Figure 1.
Cumulative probability of (a) attaining complete remission and of (b) relapse after remission
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Figure 2.
Complete remission as a function of early seizure outcome: remission at two years (---),
unclear, (....) and pharmacoresistant (—)
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Figure 3.
Complete remission as a function of the presence or absence of an underlying brain disorder:
no identified underlying disorder (....) and underlying disorder identified (—).
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Figure 4.
Cumulative probability of attaining complete remission in those (a) without and (b) with an
underlying brain disorder as a function of early seizure outcomes: remissions at two years
(---), unclear, (....) and pharmacoresistant (—)
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Table 1

Comparison of those followed <10 versus ≥10 years

Followed < 10 years (N=53) Followed>=10 years (N=294) p-value

Age at onset 7.0 (4.2) 5.5 (4.1) 0.02

Underlying brain disorder

Present 21 (39.6%) 91 (31.0%) 0.21

Died 3 (5.7%) 3 (1.0%) 0.04

Early seizure control*

 In remission at 2 years 24 (53.2%) 156 (53.1%) 0.84

 Unclear 15 (32.6%) 102 (34.7%)

 Pharmacoresistant 7 (15.2%) 36(12.2%)

IQ <80** 15 (28.3%) 74 (25.2%) 0.63

*
Based on cohort members followed at least 2 years

**
As previously described 29
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Table 2

Bivariate associations for complete remission and clinical factors of potential prognostic significance.

Prognostic Factor N N (%) Complete remission Hazards Ratio (95% CI)* p-value

Early seizure outcome

 Remission 156 111 (71.5%) 1.00** +

 Unclear 102 50 (49%) 0.46 (0.33, 0.65) <0.0001

 Pharmacoresistant 36 9 (25%) 0.20 (0.10, 0.39) <0.0001

Evidence of underlying brain disorder

 Absent 203 137 (67.5%) 1.00**

 Present 91 33 (36.3%) 0.39 (0.27, 0.58) <0.0001

 Abnormal MRI 55 18 (32.7%) 0.35 (0.21, 0.57) <0.0001

 Abnormal exam 43 16 (37.2%) 0.42 (0.25, 0.71) 0.001

 Intellectual Disability only 11 3 (37.3%) 0.31 (0.10, 0.97) 0.04

 Autism Spectrum Disorder only 4 1 (25%) 0.25 (0.03, 1.76) 0.16

Age at onset

 <2 years 66 43 (65.2%) 1.00** +

 2− 88 52(59.1%) 0.72 (0.48, 1.11) 0.11

 5− 85 51 (60.0%) 0.78 (0.52, 1.18) 0.24

 10+ years 55 24 (43.6%) 0.50 (0.30, 0.82) 0.006

Status epilepticus

 None within 2 years 254 154 (60.6%) 1.00**

 1+ Episodes 40 16 (40.0%) 0.48 (0.29, 0.81) 0.006

Convulsive seizures

None 112 61 (54.5%) 1.00**

Present 182 109 (59.9%) 1.16 (0.85, 1.58) 0.36

History of febrile seizures**

None 250 143 (57.2%) 1.00**

Present 42 26 (61.9%) 1.01 (0.66, 1.53) 0.97

Family history of epilepsy–first degree relative***

 None 267 156 (58.4%) 1.00**

 1+ relatives 23 12 (52.2%) 0.77 (0.43, 1.39) 0.39

Initial seizure frequency

 <1/month 70 39 (55.7%) 1.00**++

 1–9/month 168 100 (59.2%) 1.00 (0.99, 1.01) 0.84

 10–49/month 33 19 (57.6%)

 ≥50/month 23 12 (52.1%)

*
(95% CI):95% confidence interval
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**
Referent group. For underlying brain disorders, each group defined by the presence of specific underlying disorder is tested relative to the

referent group only. The underlying disorders, however, are not mutually exclusive.

+
Treated as an ordinal variable, the effect estimate for early outcome is 0.45 (95% CI 0.35, 0.58, p<0.0001) for a change from remission to unclear

and unclear to pharmacoresistant. For age at onset grouping, the estimates effect when treated as an ordinal variable was 0.83 (95% CI, 0.72, 0.97,
p=0.02).

*** 
Missing on 2 individuals who were adopted for febrile seizures and four individuals for family history.

++
Tested as an ordinal variable only. The hazards ratio estimate reflects the change in complete remission rates with each incremental change in

seizure frequency category.

Ann Neurol. Author manuscript; available in PMC 2012 October 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Berg et al. Page 16

Ta
bl

e 
3

C
om

bi
ne

d 
in

flu
en

ce
s o

f e
ar

ly
 se

iz
ur

e 
ou

tc
om

e 
an

d 
un

de
rly

in
g 

br
ai

n 
di

so
rd

er
 o

n 
th

e 
ch

an
ce

 o
f a

tta
in

in
g 

co
m

pl
et

e 
re

m
is

si
on

:

E
ar

ly
 S

ei
zu

re
 o

ut
co

m
e

U
nd

er
ly

in
g 

st
ru

ct
ur

al
/m

et
ab

ol
ic

 d
is

or
de

r 
(N

=9
1)

U
nk

no
w

n 
C

au
se

p-
va

lu
e*

*

N
C

R
+

%
 (9

5%
 C

I)
N

C
R

+
%

 (9
5%

 C
I)

R
em

is
si

on
35

18
51

%
 (3

5,
 6

8)
12

1
93

77
%

 (6
9,

 8
4)

0.
00

4

U
nc

le
ar

35
11

31
%

 (1
6,

 4
7)

67
39

58
%

 (4
6,

 7
0)

0.
01

Ph
ar

m
ac

or
es

is
ta

nt
21

4
19

%
 (2

, 3
6)

15
5

33
%

 (9
, 5

7)
0.

32

p-
va

lu
e*

0.
01

0.
00

01

+
C

R
=C

om
pl

et
e 

R
em

is
si

on

* p-
va

lu
e 

is
 th

e 
as

so
ci

at
io

n 
of

 e
ar

ly
 o

ut
co

m
e 

w
ith

 c
om

pl
et

e 
re

m
is

si
on

 w
ith

in
 e

ac
h 

gr
ou

p 
de

fin
ed

 b
y 

th
e 

pr
es

en
ce

 o
f a

 b
ra

in
 d

is
or

de
r, 

te
st

ed
 a

s a
 tr

en
d.

**
p-

va
lu

e 
is

 fo
r t

he
 a

ss
oc

ia
tio

n 
be

tw
ee

n 
pr

es
en

ce
 o

f a
n 

un
de

rly
in

g 
br

ai
n 

di
so

rd
er

 a
nd

 c
om

pl
et

e 
re

m
is

si
on

 w
ith

in
 e

ac
h 

ea
rly

 o
ut

co
m

e 
gr

ou
p.

Ann Neurol. Author manuscript; available in PMC 2012 October 1.


