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= Abstract =

Purpose: Seizure outcomes are more complicated in terms of repeated remission and relapse
in the course of epilepsy. We aim to investigate the different patterns of evolution in new—
onset pediatric epilepsy and the seizure outcome of different types of epilepsy syndromes.

Methods: We examined the evolution pattern of remission and relapse in the course of
epilepsy in 326 children who were less than 15 years of age, with new—onset epilepsy. Diffe-
rent remission—relapse patterns were determined in each patient and according to epilepsy
syndromes. The probability of repeated remission and relapse were analyzed with Markov
process.

Results: During follow—up (mean+SD: 79+25 months) of 326 patients, early remission,
defined as remission within the first year of treatment, was seen in 288 patients (88.4%), and
late remission was achieved in 21 patients (6.4%). 17 patients (5.2%) never achieved remis-
sion. 94.8% of the cohort experienced at least one remission, with first relapse, second relapse,
and third relapse occurring in 115 patients (35.3%), 61 patients (18.7%), and 28 patients
(8.6%), respectively. At the end of follow—up period, 281 patients (86.2%) were in terminal
remission. 194 patients (59.6%) showed a continuous remitting course, and 87 patients (26.7
%) showed a remitting—relapse course. 45 patients (13.8%), including worsening courses in
28 patients (8.6%) and drug resistant courses in 17 patients (5.2%), did not show terminal
remission. Markov process disclosed that children with epileptic encephalopathy and sympto-
matic partial epilepsy were less likely to show remission than children with idiopathic partial
or generalized epilepsy (P<0.001).

Conclusion: Only 13.8% of children with new—onset epilepsy have poor seizure outcome in
terms of never achieving remission or persistent seizure after achieving at least one remission.
The etiology of epilepsy syndrome is an important factor determining seizure outcome.
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The natural history of epilepsy has been in-

is ethical to treat patients with proper antiepi-
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leptic drugs (AEDs) in current practice, except
in underdeveloped countries and medically un-
privileged areas. Therefore, the natural history
of epilepsy usually refers to treated cases of
epilepsyl).

Seizure outcome in treated epilepsy has been
simply described in terms of remission and re-
lapse after remission at a certain moment after
initiation of AED treatment®®. In one particular
study, 47% of patients became seizure free with
first—line AED and 14% became seizure free
with a second or third drug4). It has led to con-
clude that patients unresponsive to initial AED
are likely to have refractory epilepsy. Similar
studies have shown that as many as 20—40%
of newly treated patients with epilepsy will not
enter remission and that such resistance may
be fully developed even before the first seizure
or treatment, or later in the course of epilepsy
%470 However, early determination of intract-
ability in treated epilepsy may overlook patients
with possible late remission. In fact, repeated
remissions and relapses may frequently occur
over many years during the treatment course. It
1s challenging to exactly analyze and predict
treatment outcome as different epilepsy synd-
romes have varying prognosis and their natural
history are often much more dynamic than anti-
cipated. In a study by Sillanpii et al.g), different
patterns of evolution of treated epilepsy is de-
scribed in terms of early and late remission,
remitting course, remitting—relapsing course,
worsening course and drug resistance course.
With such complex natural history, it is difficult
to predict the long—term seizure outcome in
new—onset childhood epilepsy. It is important
to decide the likely clinical course of the child-
hood onset epilepsy after taking into account of

individual result after a year of AED treatment

and consider different prognosis of epileptic
syndromes in each individual patient.
Therefore, we investigate the different evolu-
tion patterns of long—term seizure outcome in
treated new—onset pediatric epilepsy and the
types of epilepsy syndromes that influence

long—term seizure outcome in Korean children.

Materials and Methods

1. Patients and Study Design

The study population included 326 children
with new—onset epilepsy who were living in the
catchment area of Pediatric Epilepsy Clinic of
Ajou University Medical Center from January
1999 to December 2004. Ajou University Me-
dical Center is a tertiary referral center covering
southern half of the Gyeonggi Province of Korea.
Eligible patients were aged from 2 months to
15 years at the time of diagnosis of new—onset
epilepsy. In this study, history taking and ge-
neral physical/neurological examination were
performed by pediatric neurologists. Electroen-
cephalography (EEG) of the enrolled patients
was recorded at Clinical Neurophysiology La-
boratory of Ajou University Medical Center, and
had been interpreted by one pediatric epilepto-
logist. The etiology of seizures was documented
by patient history, neurological examination, and
brain magnetic resonance imaging (MRI). From
the information available at the time of initial
diagnosis, we diagnosed and classified the dis-
ease of each patient into epilepsy or a specific
epilepsy syndrome. As we were interested in
long—term seizure outcome, we used the clas-
sification of epilepsy as reported at the time of

9-12)

initial diagnosis of epilepsy . We also clas-

sified epilepsy or epilepsy syndrome into five
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groups according to the type of epileptic seizures,
EEG findings, etiology of seizures, and concept
of specific epilepsy syndromes: Idiopathic gene-
ralized, Idiopathic partial, Cryptogenic partial,
Symptomatic partial, and Epileptic encephalo-
pathy. From the time of diagnosis, monotherapy
was started according to the recommended the-
rapeutic guidelineg) in all cases. When initial mo-
notherapy failed, another AED was given as an
alternative monotherapy or adjunctive therapy
based on therapeutic guidelines. Patients were
regularly seen in an out—patient clinic by the
same pediatric epileptologist every 2—3 months,
or earlier if clinically indicated. For each patient,
seizure outcome to each AED were recorded
on case—record forms in terms of remission of
seizure or recurrence after initial remission of
seizure, with limit of up to three remission pe-
riods with relapses. A long—term prospective
follow—up from the period of enrollment to
November 2009 was conducted to examine the
evolution pattern and role of epilepsy syndrome
on seizure outcome in terms of remission and

relapse over the entire follow—up period.

2. Definition of Etiology of seizure, Epilepsy
syndrome, Remission, and Relapse

Epileptic seizures, epilepsies, epilepsy synd-
romes, epileptic encephalopathy, and etiology of
seizures were defined according to the guidelines
of the International League Against Epilepsylo_
9 Remission of epilepsy was defined as a sei-
zure free period of 5 or more consecutive years
with or without antiepileptic treatment'?. Ter-
minal remission was defined as sustained seizure
free state for more than 1 year at the end of
follow—up. Remission of seizure was defined as
a 1 year seizure free state after initiation of

treatment, achieved either early, within 12

months after initial AED treatment, or late, after
more than 1 year of initial AED treatment. Re-
lapse was defined as the occurrence of repeated
seizures after a patient had attained a 1 year
seizure free state. However, a single seizure
occurring immediately after drug withdrawal,
poor compliance, or intercurrent infection was
not classified as a relapse. Should terminal re-
mission be uninterrupted from the start of treat-
ment to the end of follow—up, it was defined as
a remitting course. When interrupted by relapse,
it was defined as a remitting—relapsing course.
Should remission be followed by relapse without
further terminal remission, it was defined as a
worsening course. Remission not achieved during
follow—up despite adequate treatment was de-
fined as a drug—resistant course. Four different

patterns of seizure outcomes were anticipated.

3. Statistical analysis

The probability of repeated remission and re-
lapse from the initial diagnosis of epilepsy, up to
three different remission episodes per patient,
were examined with Markov process. This study
focused on the evolution pattern of seizure out-
come in the overall cohort as well as by epilepsy
syndrome group. Comparison of seizure outcomes
between the five different epilepsy syndrome
groups were analyzed by Chi—square test. A p—
value of <0.05 was considered statistically signi-

ficant.

Results

1. Demographic features

326 children with new—onset epilepsy were
recruited into this cohort study in a single

center. Study cohort included 168 boys and
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158 girls. Their mean age at initial diagnosis of
new—onset epilepsy was 7.2%£3.8 years (range:
2 months—15 years of age). The mean follow—
up at the time of analysis was 79.3+25 months
(range: 23—131 months).

2. Long-term seizure outcome: remission
and relapse

309 of 326 patients (94.8%) experienced an
initial remission after initiation of AED treat-
ment. However, 17 of 326 patients (5.2%) did
not enter remission from the start to the end of
follow—up. Relapse occurred in 115 of 309 pa-
tients (37.2%) who attained initial remission with
AED treatment. At the end of follow—up, 281 of
326 patients (86.2%) were in terminal remission
with or without antiepileptic drugs. However, 45
patients (13.8%) were not in terminal remission
or never experienced remission. Early remission
occurred in 288 patients (88.4%). In 182 (55.9
%) of them, initial remission continued, uninter-

rupted by relapse to terminal remission. Late

D Remitting course

- Remitting-relapse course

@ Worsening course r

remission was achieved in 21 of 326 patients
(6.4%), and 12 of them (3.7%) achieved terminal
remission without any relapse. Therefore, ter-
minal remission uninterrupted by relapse, defined
as a remitting course, was found in a total 194
of 326 patients (59.6%). In 115 of 326 patients
(35.2%), remission was followed by one or
more relapse; first relapse in 115 patients, 2nd
relapse in 61, and 3rd relapse in 28 patients.
Following a relapse after early or late remission,
87 patients (26.6%) achieved terminal remission
(remitting—relapsing course), but 28 patients (8.6
%) did not enter terminal remission (worsening
course of epilepsy). 17 of 326 patients (5.2%)
did not enter remission from the start to the end

of follow—up (drug resistant course) (Fig. 1).

3. Seizure outcome according to the type
of epilepsy

Of 326 children with new—onset epilepsy in
this single center based cohort study, 48 patients

(14.7%) had idiopathic generalized epilepsy, 101

All patients
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Fig. 1. 326 pediatric patients with new—onset epilepsy and their seizure outcome.
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(31%) idiopathic partial, 117 (35.9%) crypto-
genic partial, 48 (14.7%) symptomatic partial,
and 12 (3.7%) epileptic encephalopathy. In 48
patients with idiopathic generalized epilepsy, 40
patients (83.3%) showed remitting course of
epilepsy, 6 patients (12.5%) remitting—relapsing
course, and 2 patients (4.2%) worsening course.
Among 101 patients with idiopathic partial epi-
lepsy, 83 patients (82.2%) showed remitting
course; 17 patients (16.8%) remitting—relapsing
course and 1 patient (1.0%) drug resistant
course. Among 117 patients with cryptogenic
partial epilepsy, 50 patients (42.7%) showed
remitting course, 48 patients (41.0%) remitting—

relapsing course, 14 patients (12.0%) worsening

course and 5 patients (4.3%) drug resistant
course. However, in 48 patients with sympto-
matic partial epilepsy, remitting course were
shown in 16 patients (33.3%), remitting—relap-
sing course in 15 patients (31.3%), worsening
course in 10 patients (20.8%), and drug resistant
course in 7 patients (14.6%). In 12 patients
with epileptic encephalopathy, 5 patients (41.7
%) showed remitting course, 1 patient (8.3%)
remitting—relapsing course, 2 patients (16.7%)
worsening course, and 4 patients (33.3%) drug
resistant course of epilepsy (Table 1). In terms
of seizure outcome by the type of epilepsy, per-
centage of patients in remitting course and re-

mitting—relapsing course are significantly higher

Table 1. Seizure Outcome of New—onset Pediatric Epilepsy according to the Type of Epilepsy

Remitting—

. . Remittin : Worsenin Dru
Etiology of epilepsy courseg reclglgfslrelg course ¢ resistint Total
Idiopathic Count 40 6 2 0 48
generalized %within Etiology of epilepsy 83.3 12.5 4.2 0.0 100.0
epilepsy %within natural history 20.6 6.9 7.1 0.0 14.7
%of Total 12.3 1.8 0.6 0.0 14.7
Idiopathic Count 83 17 0 1 101
partial %within Etiology of epilepsy 82.2 16.8 0.0 1.0 100.0
epilepsy %within natural history 42.8 19.5 0.0 5.9 31.0
%of Total 25.5 5.2 0.0 0.3 31.0
Cryptogenic Count 50 48 14 5 117
partial %within Etiology of epilepsy 42.7 41.0 12.0 4.3 100.0
epilepsy %within natural history 25.8 55.2 50.0 29.4 35.9
%of Total 15.3 14.7 4.3 1.5 35.9
Symptomatic Count 16 15 10 7 48
partial %within Etiology of epilepsy 33.3 31.3 20.8 14.6 100.0
epilepsy %within natural history 8.2 17.2 35.7 41.2 14.7
%of Total 4.9 4.6 3.1 2.1 14.7
Epileptic Count 5 1 2 4 12
encephalopathy %within Etiology of epilepsy 41.7 8.3 16.7 33.3 100.0
% within natural history 2.6 1.1 7.1 23.5 3.7
%of Total 1.5 0.3 0.6 1.2 3.7
Total Count 194 87 28 17 326
%within Etiology of epilepsy 59.5 26.7 8.6 5.2 100.0
% within natural history 100.0 100.0 100.0 100.0 100.0
%of Total 59.5 26.7 8.6 5.2 100.0
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Fig. 2. Number of patients presenting different seizure outcome in each group.
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Fig. 3. Proportion of different seizure outcomes in each etiologic group of
epilepsy. Percentage of patients in remitting course and remitting—relapsing
course is significantly higher in idiopathic partial and idiopathic generalized
epilepsy than those in symptomatic partial and epileptic encephalopathy (P<

0.001).

in idiopathic partial and idiopathic generalized
epilepsy than those in symptomatic partial and
epileptic encephalopathy, P<0.001 (Table 1,
Fig. 2, Fig. 3).

Discussion

Many studies have shown that as many as

two of three newly treated patients with epilepsy
enter long—term remission for several years
with the first AED*® ', The remaining third of
patients have drug-resistant epilepsy. However,
treated new—onset epilepsy of 326 children in
our study showed quite favorable results with
309 patients (94.8%) having at least one remis-
sion during the follow—up period and 281 (86.2
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%) patients in terminal remission at the end of
follow—up. 194 patients (59.6%) achieved conti-
nuous seizure free state uninterrupted by seizure
recurrence from initiation of AED treatment.
Only 45 patients (13.8%) were not in terminal
remission at the end of the follow—up,
(5.2%) who

achieved remission from initiation of AED

including 17 patients never
treatment. This result is somewhat more
preferable than those of study by Sillanpaa et

al.?

where 81% of patients achieved at least
one remission and 19% of patients never
achieved remission. These favorable results
can be explained by three different aspects.
First, the percentage of idiopathic epilepsies is
higher in our study than those of the study by
Sillanpaa et al.¥ (45.7% versus 31.2%). It is
well known that idiopathic epilepsies have
better first—line AED than

. . 16)
epilepsies .

response to
symptomatic or cryptogenic
Second, while valproic acid was not initially
available in the study by Sillanpai et al.”, it was
usually used as the first—line AED in our study.
Valproic acid has a broad spectrum antiepileptic
activity and shown to control seizure more ef-
fectively than other first—line AEDs'?. Third,
various newly developed AEDs were available
and used in patients where the first or second
AED had failed to control seizure. It may have
contributed to better seizure outcome in our
study.

In our study, seizure evolution pattern was
complicated and extremely variable as expected,
showing repeated events entering remissions
and relapses from remission. 288 patients (88.4
%) achieved early remission in the first year
after initiation of AED treatment. Early remis-
sion was sustained without relapse and ended

in terminal remission in 182 of them (55.9%).

However, 106 patients (32.5%) experienced
seizure relapses more than once despite having
achieved early remission. 26 patients (8.0%)
had several relapses and did not enter terminal
remission at the end of follow—up. On the other
hand, 21 patients (6.4%) gained late remission
only after more than 12 months of AED treat-
ment. 12 patients of them had sustained seizure
remission uninterrupted by relapse and entered
terminal remission at the end of follow—up des-
pite late remission. There was a distinct group
of patients (17 patients, 5.2%) who never ac-
hieved a remission from initiation of AED treat-
ment to the end of follow—up. These results
reconfirm the dynamic and complicated natural
history of treated new—onset epilepsy in Korean
children. Many studies have tried to evaluate
remission rates after unsuccessful initial AED
treatment. Camfield et al.'” found that 42% of
72 children that had failed to respond to first
AED achieved late remission. Sillanpii et al.?
found that 50% of adults with childhood onset
epilepsy achieved late remission. In a cohort
study by Luciano et al.'¥ 28% of 155 patients
with uncontrolled chronic epilepsy eventually
entered remission during follow up. On the basis
of our study results and the results of several
authors mentioned above, we insist that failure
to enter early remission with initial AED treat-
ment does not always predict long—term drug
resistance or poor outcome in every case, and
also that it may not be an absolute indicator for
predicting long term failure. In addition, these
results oppose the opinion by Kwan et al.¥ that
refractory epilepsy can be easily identified by
initial treatment response and that early surgical
intervention is recommend if there is failure of
seizure control with first and second AED treat-

ment. True drug resistance or remission failure
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can only be determined after a long—term follow
up.

Etiology of epilepsy is an important factor
predicting seizure outcome in pediatric epilepsy.
Several studies have confirmed poor seizure
outcome in pediatric epilepsy of symptomatic

19729 Gillanpas et al.?” reported higher

etiology
terminal remission rates in idiopathic or crypto-
genic epilepsy than symptomatic epilepsies. They
also compared seizure free rate and chance of
intractable epilepsy between patients with cry-
ptogenic etiology and symptomatic etiology.
Intractable epilepsy was significantly higher in
symptomatic epilepsy than cryptogenic etiology
(40% versus 7%). Terminal seizure free rate
was also lower in symptomatic than in crypto-
genic etiology (55% versus 81%). In our study,
percentages of patients in remitting course and
remitting—relapsing course are significantly
higher in idiopathic partial and idiopathic gene-
ralized epilepsy than symptomatic partial and
epileptic encephalopathy (p<0.001). The result
of our study was quite similar to those of the
study by Sillanpaa et al*”. Pediatric cohorts are
different compared to adult cohorts in that the
proportion of idiopathic epilepsies are higher in
children and that idiopathic epilepsies include
benign epilepsy with centrotemporal spikes,
Panayiotopolous syndrome and benign infantile
epilepsies, which have known favorable prog-
nosis. On the other hand symptomatic epilepsies
include neurologic deficits such as intrauterine
insults, malformation of cortical development,
genetic encephalopathies, which are presumed
to be present from birth. It may be very difficult
to achieve remission in this group regardless of
treatment™ .

In conclusion, the natural history of new—

onset treated epilepsy in Korean children is

very complex and dynamic as remission and
relapse is capable of repeating several times
throughout the entire course of epilepsy during
AED treatment. Only 13.8% of children with
new—onset treated epilepsy have poor outcome
in terms of never achieving remission or per-
sistent seizure relapse after achieving early or
late remission. The type of epilepsy syndrome
1s an important factor determining long—term
seizure evolution pattern.

However, our study has several limitations in
terms of study population and epidemiologic
definition of seizure remission. This study was
done in a single center and was not a population
based study. Definition of seizure remission in
this study, which was defined as a 1 year
seizure free rate, may be too short as true
remission can only be defined after a life—long
follow—up. Therefore, extensive follow—up in a
population based study is needed to overcome
these limitations.
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