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Purpose: The criteria for discontinuing antiepileptic drugs (AEDs) in children with well-controlled
epilepsy remain unclear. This study sought to identify the recurrence rate of epilepsy after the
discontinuation of AEDs and the risk factors associated with recurrence.
Methods: We retrospectively reviewed the records of 441 children who discontinued AEDs at our
department of pediatrics from August 2007 to July 2017. AED tapering was performed in patients
who were seizure-free for more than 2 years after taking AEDs, and patients were monitored for
1 year after the discontinuation of AEDs.
Results: We found that 87 patients (87/441, 19.7%) experienced seizure recurrence within 1 year
after the discontinuation of AEDs. Among them, 38 patients (38/87, 43.7%) experienced recurrence during AED tapering. The recurrence of seizures was related to the patient’s age at AED onset and when seizures were controlled, a history of seizure recurrence after previous discontinuation of AEDs or a seizure episode during AED administration, and no improvement of electroencephalographic (EEG) findings.
Conclusion: The recurrence rate within 1 year after the discontinuation of AEDs was almost 20%,
and nearly half of the recurrences took place during the tapering period. We recommend caution
when considering whether to discontinue AEDs in patients with a history of seizure recurrence
after AED discontinuation, a seizure episode during AED administration, or no (or slight) improvement of EEG findings.
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Introduction
Epilepsy is a disease whose diagnosis and treatment are continuously undergoing development. Currently, epileptic symptoms can
be controlled in 70% to 80% of affected patients with the administration of various antiepileptic drugs (AEDs) [1]. The rate of
symptom recurrence is being increasingly diminished by the ad-

vancement of AEDs and drugs that can measure serum concentration [2]. However, AEDs are associated with poor drug compliance due to their numerous adverse effects and the need to consume them daily. These drawbacks are of particular concern for
school-age children, in whom AEDs cause drowsiness, fatigue, and
attention deficits that may impair their language and cognitive development [3].
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Prior research has investigated whether the timing of discontinuing AED administration to pediatric patients can be calibrated so
as to diminish the probability of seizure recurrence and, hence, the
need to resume AED therapy [4]. For instance, Strozzi et al. [5] reported a seizure-free period of to 2 years to be suggestible for AED
discontinuation. However, as only a few studies have considered
the discontinuation of AEDs and the risk factors associated with
seizure recurrence in children, the timing of AED discontinuation
in pediatric patients remains controversial.
In this study, we sought to identify the recurrence rates of epilepsy after discontinuation of AEDs in pediatric patients. We also
identified the risk factors associated with the recurrence of epilepsy.

Materials and Methods
1. Patients
The present retrospective analysis was conducting using data obtained from the patients’ medical records. Among the patients that
were admitted to the Department of Pediatrics at the Jeonbuk National University Hospital of South Korea and diagnosed with epilepsy between August 31st 2007 and July 31st 2017, patients (except for neonatal children under 1 month) who showed two or
more unprovoked attacks or who visited the hospital with 1st attack and showed clear abnormal findings related to clinical symptoms on electroencephalography (EEG) were selected as participants for this study. They administrated of AEDs for at least 2 years
and monitored for 1 year after tapering of AEDs. EEGs obtained at
the time of diagnosis and before the discontinuation of AEDs were
analyzed and neuroimaging was tested in patients except 56 patients who failed sedation treatment, rejected examinations, or
were presumed to be epilepsy syndrome in EEG findings
Since the timing of tapering AEDs depends on the type of epilepsy, we considered a seizure-free period as at least 2 years for
types with good prognosis such as benign rolandic epilepsy, and
more than 2 years for types with incurable prognosis such as infantile spasm or Lennox-Gastaut syndrome. However, we attempted
to taper AEDs if there was a clear improvement in EEG or when
the caregiver requested an end to treatment for their children
whose epilepsy had been well-controlled for at least 2 years in
types with incurable prognosis. AED tapering was carried out with
a gradual and even drug dose reduction over a mean period of
more than 8 weeks and if more than two medications were administered, one by one was reduced. All patients were monitored for 1
year after the discontinuation of AEDs.
The definition of recurrence of epilepsy was defined when there
was unprovoked seizure within 1 year after the discontinuation of
https://doi.org/10.26815/acn.2020.00192

AEDs. However, it was determined that recurrence occurred when
the typical 3 Hz spike-and-wave complex was shown on the follow-up EEG regardless of clinical symptoms in the case of absence
seizure.
A total of 630 patients were initially selected for participation in
this study. We subsequently excluded 42 patients with limited data
due to them having been transferred from a different hospital after
the initiation of AED treatment, 27 patients who were less than a
month old upon admission, 82 patients who received less than 1
year of follow-up, and 38 patients who diagnosed with juvenile myoclonic epilepsy, which is known to recur soon after the discontinuation of AEDs. Data obtained from the final 441 patients were analyzed to identify the recurrence rates of epilepsy after discontinuation of AEDs and the risk factors associated with the recurrence.
This study was performed with approval from the Institutional
Review Board of Jeonbuk National University Hospital Research
Council (CUH2020-01-037). Written informed consent by the
patients was waived due to a retrospective nature of our study.

2. Risk factors
We considered the association between epilepsy recurrence and
the following factors associated with the recurrence: sex, age-related factors (the age at seizure onset, at which the AED administration began, at maintaining a longer interval than the existing seizure period [which seizures were controlled], and at discontinuation of AEDs), episodes of seizure during AED administration,
number of AEDs administered, family history of epilepsy, history
of febrile convulsion and status epilepticus, history of epilepsy recurrence after previous discontinuation of AEDs, pretreatment seizures frequency, radiographic abnormalities, EEG analysis, and
neurological disability.
3. Statistical analysis
The SPSS version 25 (IBM Co., Armonk, NY, USA) was used to
perform all statistical analyses. The risk factors for the recurrence
of epilepsy were analyzed using the chi-square test, independentsamplest test, and Kaplan-Meier survival analysis with the logrank test. Data are presented as the mean ± standard deviation and
P values < 0.05 were considered to indicate statistical significance.

Results
1. Overall results
After the discontinuation of AEDs, 87 (19.7%) of 441 patients experienced recurrences within 1 year. Among 87 patients with recurrence within 1 year, 53 men and 34 women and 38 patients
(43.7%) experienced recurrences during tapering period, 22 pa23
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tients (25.3%) relapsed within 6 months after discontinuation of
AEDs and 27 patients (31.0%) relapsed within 6 months to 1
year. The average time of recurrence after AED discontinuation
was 0.7 ± 1.0 year. Of these, 24.1% had recurrence after previous
discontinuation of AEDs, 67.8% had episodes of seizure during
AED administration, 65.5% used a single type of AED to control
seizure, and 16.1% showed radiographic abnormalities. Also
92.0% showed abnormal findings in EEGs at the time of diagnosis and 38.7% showed no change or an aggravation of the abnormalities.

2. Risk-factor analysis (univariate analysis)
We analyses risk factors by clinical characteristics (Table 1).

1) Sex
The recurrence rates according to sex were 22.2% for boys and
16.7% for girls. Sex was not significantly associated with recurrence
(P= 0.542).
2) Age-associated factors
The associations between the seizure recurrence and the age at seizure onset, age at which AEDs were first administered, age at which
the seizures were controlled and age at AED discontinuation were
analyzed. The mean ages at seizure onset, first administration of
AEDs, control of seizures and AED discontinuation were 6.3 ± 4.0,
7.3 ± 3.9, 8.4 ± 4.1, and 11.9 ± 4.4 years of age, respectively. For
these analyses, the patients were divided into subgroups according
to age: infancy (1 month to 1 year of age), early childhood (1 to 5

Table 1. Risk factors for recurrence after the discontinuation of AEDs in children with epilepsy: univariate analysis
Risk factors
Sex
Male
Female
Age at
Seizure onset
  Infancy
  Early childhood
  Late childhood
  Adolescence
Starting AEDs
  Infancy
  Early childhood
  Late childhood
  Adolescence
Seizure control
  Infancy
  Early childhood
  Late childhood
  Adolescence
Tapering AEDs
  Infancy
  Early childhood
  Late childhood
  Adolescence
Recurrence after previous discontinuation of AEDs
No
Yes
Seizure episode while taking AEDs
No
Yes

Recurrence no.
/total no. (%)

P value
0.542

53/238 (22.2)
34/203 (16.7)
0.174
15/51 (29.4)
26/149 (17.4)
28/171 (16.3)
22/70 (31.4)
0.012
7/27 (25.9)
25/130 (19.2)
28/195 (14.3)
27/89 (30.3)
0.008
3/13 (23.0)
19/102 (18.6)
27/198 (13.6)
38/128 (29.7)
0.870
11/49 (22.4)
21/117(17.9)
55/275 (20.0)
< 0.001
66/398 (16.7)
21/43 (48.8)
< 0.001
28/233 (12.0)
59/208 (28.3)

Recurrence no.
/total no. (%)

Risk factors
Family history of seizure
No
Yes
History of status epilepticus
No
Yes
History of febrile convulsion
No
Yes
Pretreatment seizure frequency
1 Time
2–9 Times
10 Times
Number of AEDs
Monotherapy
2 Drugs
3 Drugs
> 4 Drugs
Radiologic abnormality
No
Yes
EEG at diagnosis
Normal
Abnormal
Improvement of EEG
Yes
No
Neurologic disability
No
Yes

P value
0.421

82/409 (20.0)
5/32 (15.6)
0.245
79/411 (19.2)
8/30 (26.7)
0.165
73/360 (20.8)
14/81 (17.3)
0.620
36/188 (19.1)
41/195 (21.0)
1/8 (12.5)
0.395
57/324 (17.6)
20/87 (22.9)
9/25 (36.0)
1/5 (20.0)
0.805
73/320 (22.8)
14/65 (21.5)
0.505
7/32 (21.9)
80/409 (19.6)
0.039
49/337 (14.5)
31/72 (43.1)
0.065
58/329 (17.6)
29/112 (25.9)

AED, antiepileptic drug; EEG, electroencephalogram.
24

https://doi.org/10.26815/acn.2020.00192

Ann Child Neurol 2021;29(1):22-29

3) Family history of epilepsy
We identified 32 patients with family histories of epilepsy; the recurrence rate among these patients was 15.6%. The recurrence rate
was 20.0% among patients without a family history of epilepsy.
The difference between these rates was nonsignificant (P= 0.421).
4) Histories of febrile convulsion and status epilepticus
The recurrence rate was 17.3% among patients with histories of febrile convulsion and 20.8% among those with no history of febrile
convulsion. There was no statistically significant difference between these recurrence rates (P = 0.165). Among the 30 patients
with histories of status epilepticus, the recurrence rate was 26.7%;
while this rate was slightly higher than that among patients without
histories of status epilepticus (19.2%), the difference was nonsignificant (P= 0.245).
5) Recurrence after previous discontinuation of AEDs
Among the 43 patients with histories of recurrence after previous
discontinuation of AEDs, the recurrence rate was 48.8%. This rate
was significantly higher than that among patients without histories
of recurrence after previous discontinuation of AEDs (16.7%,
P< 0.001) (Fig. 1).

https://doi.org/10.26815/acn.2020.00192

6) Pretreatment seizure frequency
Seizure frequency didn’t be obtained from 50 patients. Except
them, the recurrence rates of epilepsy were 19.1% among the patients with one seizure before treatment, 21.0% among those with
two to nine seizures, and 12.5% among those with 10 or more seizures. The differences between these rates were nonsignificant
(P= 0.620).
7) AEDs
The mean duration of AED administration was 4.5 ± 2.3 years and
when compared by dividing the duration of taking anticonvulsants
by 3 years, the recurrence rate for those less than 3 years was 31.7%
and for those over 3 years was 20.21%, which was nonsignificant
(P = 0.763). A single type of AED was used to control seizure for
324 patients—the majority; two types of AEDs were used in 87
cases, three types in 25 cases, and four or more types in five cases;
the recurrence rates were 17.6%, 22.9%, 36.0%, and 20.0%, respectively. No statistically significant differences in these recurrence
rates were found (P= 0.395).
8) Episodes of seizure during AED administration
The recurrence rate was significantly lower among patients with no
seizures during AED administration (12.0%) than among those
who had episodes of seizure during AED administration (28.3%,
P< 0.001) (Fig. 2).
9) Radiographic abnormalities
Neuroimaging was tested in patients except 56 patients who failed
sedation treatment, rejected examinations, or were presumed to be
epilepsy syndrome in EEG findings. Of the 385 patients who reHistory of seizure recurrence
after discontinuation of AEDs

1.0

Proportion remaining seizure-free

years of age), late childhood (6 to 10 years of age), and adolescence
(11 to 21 years of age).
The recurrence rates according to the age at first seizure were
29.4% for infancy, 17.4% for early childhood, 16.3% for late childhood, and 31.4% for adolescence. The differences in recurrence according to the age at first seizure were not significant (P= 0.174).
The recurrence rates according to age at which AEDs were first
administered were 25.9% for infancy, 19.2% for early childhood,
14.3% for late childhood, and 30.3% for adolescence. The recurrence rates were significantly higher when AEDs were first administered in infancy or adolescence than in early or late childhood
(P= 0.012).
The recurrence rates according to the age when seizure was controlled were 23.0% for infancy, 18.6% for early childhood, 13.6%
for late childhood, and 29.7% for adolescence. The recurrence
rates were significantly higher when seizures were controlled in infancy or adolescence than in early or late childhood (P= 0.008).
While the recurrence rates according to the age at AED discontinuation were not available for patients in infancy, they were
22.4% for early childhood, 17.9% for late childhood, and 20.0% for
adolescence. The age at AED discontinuation did not significantly
affect rates of recurrence (P= 0.870).
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Months after the discontinuation of AEDs

Fig. 1. Differences in recurrence according to a history of seizure
recurrence after previous discontinuation of antiepileptic drugs
(AEDs) assessed through Kaplan-Meier survival analysis and the
log-rank significance test.
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Fig. 2. Differences in recurrence according to the incidence of
seizures during antiepileptic drug (AED) administration assessed
through Kaplan-Meier survival analysis and the log-rank
significance test.
Table 2. Abnormal findings of the radiologic work-up related to
seizure recurrence
Radiologic finding
Total no. Recurrence no. (%)
Total
385
Normal
320
73 (22.8)
Abnormal
65
14 (21.5)
  Encephalomalacia
4
1 (25.0)
  Meningeal enhancement
17
3 (17.6)
   Infarction or ischemic change
20
5 (25.0)
  Hypoxic change
6
2 (33.3)
   Metabolic or toxic change
3
1 (33.3)
  Atrophic change
8
1 (12.5)
  Hippocampal atrophy
3
1 (33.3)
   Agenesis or hypoplasia of corpus callosum
1
0
  Ventriculomegaly
1
0
  Periventricular leukomalacia
1
0
  Cortical dysplasia
1
0

ceived brain computed tomography and magnetic resonance imaging (MRI) examinations, abnormalities associated with epilepsy
were found in 65 (Table 2), while none were found in 320. Their
recurrence rates were 21.5% and 22.8%, respectively. The difference
between these rates was not statistically significant (P=0.805).

10) EEG analysis
EEGs obtained at the time of diagnosis were analyzed abnormalities were found in 409 patients, while none were found in 32; their
recurrence rates were 19.6% and 21.9%, respectively. While the recurrence rate was higher among patients with normal EEG findings, the difference between the two rates was nonsignificant
(P = 0.505). Among the patients with EEG abnormalities, back26

Status of EGG improvement
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Fig. 3. Differences in recurrence according to improvements in
electroencephalographic (EEG) findings assessed through KaplanMeier survival analysis and the log-rank significance test.

ground EEG aberrations were found in 77 patients, focal epileptiform discharges were found in 261 and generalized epileptiform
discharges were found in 71.
All patients underwent EEG examinations more than once before the discontinuation of AEDs, and the changes were compared
with the initial finding. Among the 409 patients with abnormal
EEGs at the time of diagnosis, 337 showed improvements, while
72 showed either no change or an aggravation of the abnormalities;
their recurrence rates were 14.5% and 43.1%, respectively. The rate
of recurrence was significantly higher among the patients whose
EEG showed no change or an aggravation (P= 0.039) (Fig. 3).

11) Neurological disability
To assess neurological disability presented by the patients, we analyzed data obtained from neurological examination, language tests,
and developmental tests. Neurological abnormalities ranging from
developmental delay to mental retardation or cerebral palsy were
identified in 112 patients. The recurrence rate among these patients was 25.9% and that among the patients without neurological
disability was 17.6%. Though a trend was observed, the difference
between these rates was nonsignificant (P= 0.065).
12) Classification of epilepsy syndrome
Patients that could be classified as special epileptic syndrome were
classified by EEG examination, and there were 48 benign rolandic
seizures, 28 absent seizures, three Lennox-Gastaut syndrome, and
six photosensitive epilepsy. The recurrence rate was 16.7% (8/48)
in benign rolandic seizures, 21.4% (6/28) in absent seizures, 66.7%
(2/3) in Lennox-Gastaut syndrome and 33.3% (2/6) in photosensitive epilepsy, but the difference between these rates was not statistically significant (P= 0.085).
https://doi.org/10.26815/acn.2020.00192
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Discussion
The present study observed the overall recurrence rate within 1
year after the discontinuation of AEDs to be 19.7% (87/441).
When evaluated according to the timing of AED discontinuation,
the highest rate of recurrence was observed during AED tapering
43.7% (38/87). We further identified the following factors as being significantly associated with recurrence of epilepsy: the age at
which AEDs were first administered and seizures were controlled,
a history of epilepsy recurrence after previous discontinuations of
AEDs, an episode of seizure during AED administration, and no
improvement in EEG findings across AED administration.
When timing the discontinuation of AEDs, medical factors as
well as other individual factors should be considered [6]. The will
of patients and their caregiver, their economic conditions, the adverse effects of drugs, and comorbidity can also affect the decision
to discontinue AED administration. Numerous studies have
sought to elucidate the factors associated with the recurrence of
epilepsy after the discontinuation of AEDs to help inform this decision. For instance, upon reviewing the results from various studies, the American Academy of Neurology reported in 1996 that
seizure-free period of 2 to 5 years, normal results from neurological
examination, and the normalization of EEG during treatment lessened the risk of recurrence [7]. In addition, the risk of recurrence
reportedly increases when the cause of epilepsy is symptomatic [810] and decreases when patients show an early response to the first
administration of AED [8,11].
Regarding the differences in the risk of recurrence according to
the age at seizure onset, several reports have found that the risk increases in adolescence; Shinnar et al. [12] defined this period as
beginning at the age of 12, while Dooley et al. [13] and Chung et
al. [14] considered adolescence to begin at the age of 10. Emerson
et al. [15] reported that the recurrence rate is higher when the patient experiences his or her first seizure at the age of 2 years or
younger. Although recurrence rates according to the age at seizure
onset were higher in the infancy and adolescence relative to those
in early and late childhood, the differences were not statistically
significant in this study.
In some studies, there was no association between recurrence
and histories of recurrence after previous discontinuations of
AEDs and when epilepsy recurred after previous discontinuations
of AED, the re-administration of AEDs lead to the remission of epilepsy [13,16]. However, in our study, the rate of recurrence was
48.8% among the patients with histories of epilepsy recurrence after previous discontinuations of AED, while a rate of 16.7% was
observed among the patients without epilepsy recurrence after
previous discontinuations of AED.
https://doi.org/10.26815/acn.2020.00192

As for episodes of seizure during administering AEDs, Chung et
al. [14] reported the recurrence of seizures during administering
AEDs did not appear to be related to relapse. However, Specchio
and Beghi [11] reported a connection as in this study.
This study performed an analysis of EEG results obtained at the
time of diagnosis and before the discontinuation of AEDs. While
Shinnar et al. [12] and Emerson et al. [15] reported that EEG abnormalities identified before discontinuations of AED treatment
cannot predict the risk of recurrence, we found that there was a significantly higher recurrence rate among patients whose EEG results did not improve than among those whose results did (43.1%,
14.5%, respectively). Hence, our study observed that improvement
in EEG findings (across treatment) is more predictive of recurrence than is the EEG obtained at the time of diagnosis.
Hippocampal atrophy or sclerosis identified with MRI is reportedly associated with a high rate of epileptic recurrence [2]. On the
other hand, Lossius et al. [17] reported that abnormal findings
from MRI are not predictive factors for epilepsy recurrence. Similarly, our study found the recurrence rate to be 21.5% in the presence of radiographic abnormalities and 22.8% in their absence, but
it was not a significant predictor of epileptic recurrence. That’s because the abnormal MRI was considered as a case of simple ventriculomegaly as well as lesions with a high recurrence rate such as
hippocampal sclerosis.
According to some studies [6,11,18], neurological disability increase the risk of epilepsy recurrence. While the present study
found that the recurrence rate of epilepsy was higher among patients with neurological disability than among those without them
(25.9%, 17.6%, respectively), this difference was nonsignificant.
As for the number of AEDs administered to control seizures,
some studies [14,15] have reported an increase in the recurrence
rate if multiple anticonvulsants were administered, but in other
study [12], the risk of recurrence did not increase even if multiple
AEDs were administered likes our study..
There are some limitations in our study. It is limited by its retrospective nature as well as by its use of data obtained from a single
institute. It was further limited by only having monitored the patients’ treatment when the patients revisited our hospital through
the outpatient clinic or emergency room. Prospective studies that
perform more regular monitoring of the patients’ clinical progress
and an accurate analysis of treatment compliance are warranted. As
the follow-up period for pediatric patients tends to be limited—
unlike that for adult patients—and such patients generally visit a
different department when they become adults, collaboration with
the Department of Neurology will be needed in the future to analyze the long-term recurrence rates of epilepsy. Moreover, differences in the diagnosis rate caused by the development of EEG and
27
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radiographic equipment during the 10 years of follow-up period, as
well as differences in the treatment rate caused by changes in therapeutic agents, could have biased our study results.
Finally, there are a few epilepsy syndromes that have a high probability of recurrence so that AEDs discontinuation is not suggested.
These include Lennox-Gastaut syndrome, Dravet syndrome or severe brain lesions such as brain cell migration disorder [19]. However, we attempted to taper AEDs in our study if there was a clear
improvement in EEG or when the caregiver requested an end to
treatment for their children whose epilepsy had been well-controlled for at least 2 years without the improvement of EEG.
However, compared to some studies that have analyzed the factors affecting the recurrence of epilepsy in Korea [2,20], our study
included a relatively large number of pediatric patients and that is
the strength of this study.
In conclusion, the risk of recurrence may be high if (1) the patient was an infant or an adolescent when AEDs were first administered or when the seizures were controlled; (2) no (or less) improvement in EEG finding during AED administration; (3) he/
she experienced seizure during AED administration; or (4) he/she
has a history of epilepsy recurrence after previous discontinuation
of AEDs. Therefore, the discontinuation of AEDs should be considered with greater care for these patients especially during tapering period.
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