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Background: The relationship between abnormal electroencephalogram (EEG) and epilepsy recurrence
after antiepileptic drug (AED) withdrawal has been controversial. We aimed to explore the relationship
between abnormal EEG after AED withdrawal and the risk of epilepsy recurrence in children.

Methods: Literature retrieval was performed using the PubMed, EMBASE, Medline, CENTRAL, and
China National Knowledge Infrastructure (CNKI) databases. Included literatures were subjects of pediatric
epilepsy patients who discontinued medication. The recurrence rate of epilepsy in patients with normal
and abnormal EEG after AED withdrawal was observed. The Newcastle-Ottawa scale (NOS) was used
to evaluate the quality of literatures. The Chi-square test was used to test heterogeneity. If heterogeneity
between the articles existed, a random-effects model was used; otherwise, fixed-effects models were used.
Subgroup analysis was used to explore the causes of heterogeneity. The odds ratio (OR) and 95% confidence
interval (CI) were calculated using the Mantel-Haenszel statistical method. OR was not adjusted for other
factors.

Results: A total of 843 articles were retrieved. Nine studies were included, with a total of 1,663 patients,
including 1,299 patients with normal EEG and 364 patents with abnormal EEG. Compared with the normal
EEG patients, the OR of recurrence rate after AEDs withdrawal was 3.02 (P=0.0003), with heterogeneity
(P<0.0001). The funnel plot indicated that there was no publication bias among the studies. The not partial
seizure group analysis showed OR =1.70 (P=0.003) and no heterogeneity (P=0.70) in patients with abnormal
EEG compared to those with normal EEG. In the partial seizures subgroup, the OR of the recurrence rate
after AED withdrawal was 8.08 (P<0.00001) compared with the normal EEG patients, and there was no
heterogeneity (P=0.29). The funnel chart shows that the partial seizures type subgroup analysis revealed positive
results, while the not partial seizure group analysis reported negative results, indicating publication bias.
Conclusions: The risk of epilepsy recurrence is higher in children with abnormal EEG after AED
withdrawal, regardless of seizure type. For pediatric epilepsy patients with abnormal EEG after AED

withdrawal, a more cautious discontinuation regimen, closer follow-up and monitoring are required.
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Introduction

Epilepsy is a common neuropsychiatric disease that is
characterized by recurrent and transient neurological
dysfunction (1,2). Epilepsy mainly occurs in childhood,
with patients under the age of 18 years accounting for
more than 60% of the total incidence (3). The treatment
of epilepsy includes regular, reasonable, and long-term
administration of antiepileptic drugs (AEDs); however,
taking prolonged medication use will inevitably increase the
economic burden. Furthermore, there will also be a series
of toxic/side effects that affect the physical and mental
health development and treatment of children (4,5). About
90% of children with epilepsy can be fully controlled after
early and standardized drug treatment (5). Under complete
control of the disease, patients continue to take AEDs
for a certain number of years and then cease medication
use for observation. However, some children relapse after
stopping AEDs, and the recurrence rate is 12-66% (3).
Identifying the risk factors of recurrence after drug
withdrawal is significant in reducing the recurrence rate.
Numerous studies have screened the risk factors of epilepsy
recurrence after drug withdrawal (6-10). However, owing to
the different research objects and methods involved in these
studies, the risk factors identified in each study also differ.
The relationship between electroencephalogram
(EEG) abnormalities and epilepsy recurrence after drug
withdrawal is controversial. Some studies have pointed out
that children with abnormal EEG after drug withdrawal
have a higher risk of epilepsy recurrence (11-13).
However, a study reached different conclusions. There
is no significant difference in the epilepsy recurrence
rate between patients with abnormal EEG and normal
patients after drug withdrawal and abnormal EEG is not
associated with epilepsy recurrence (14). Considering the
aforementioned disputes, we conducted a meta-analysis
of the literature to clarify the relationship between EEG
abnormalities after drug withdrawal and epilepsy recurrence
in children. We present the following article in accordance
with the MOOSE reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-22-206/rc).

Methods
Literature download

We performed a literature search of the PubMed, EMBASE,
Medline, CENTRAL, China National Knowledge
Infrastructure (CNKI) and China Science Periodical
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Database (CSPD) databases for English and Chinese articles
on children with epilepsy. The following search terms were
used: “children” and “epilepsy” or “epilepsy in children and
“drug withdrawal” and “recurrence”.

Literature screening

Inclusion criteria: (1) studies involving subjects who were
children with epilepsy; (II) articles involving subjects who
stopped taking AEDs; (III) the exposure factors were normal
post-withdrawal EEG and abnormal EEG; (IV) studies that
observed whether the subjects had epilepsy recurrence; (V)
cohort or case-control studies; and (VI) the literature results
included the odds ratio (OR) and 95% confidence interval
(CI) of epilepsy recurrence in patients with abnormal EEG
and normal EEG after drug withdrawal or studies in which
this information could be calculated from the data.

Exclusion criteria: (I) repeated reports; (II) studies that
included both adults and children as research subjects in
which the two could not be distinguished; (III) articles
involving subjects who received surgical treatment; and (IV)
studies with incomplete literature data that could not be
supplemented by contacting the author.

Data extraction

In this paper, two researchers jointly extracted the data
from the included literature, including the author, title,
publication time, research type, number of researchers,
number of epileptic relapses, and number of normal and
abnormal EEGs. Differences of opinion in this process
were resolved by discussion and agreement between the two
researchers.

Literature quality evaluation

In this paper, two researchers used the Newcastle-Ottawa
scale (NOS) to evaluate the quality of the included
literature, including the selection of research subjects
(4 points), the comparability between groups (2 points),
and the measurement of exposure factors (3 points), a
total of 9 points. Inconsistencies in the quality evaluation
results between the two researchers were resolved through
agreement after discussion.

Statistical method

This study used the Cochrane RevMan5.3 software
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Figure 1 Literature screening flow chart. EEG, electroencephalogram.

(Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration) for statistical analysis. The OR
value and 95% CI were calculated using the Mantel-
Haenszel statistical method to describe the effect quantity.
OR was not adjusted for other factors. Cohort studies and
case-control studies can be pooled. The Chi-square test
was used to assess the heterogeneity between the included
articles. When I’ corrected by degrees of freedom was >50%
or P<0.1, it was considered that there was heterogeneity
among the included studies, and a random effect model was
used. Subgroup analysis was used to explore the causes of
heterogeneity. When I’'<50% and P>0.1, it was considered
that there was no heterogeneity among the included
literature, and the fixed effect model was used. A funnel plot
was used to test for publication bias. Two-sided P<0.05 was
considered to indicate statistical significance.

Results
Characteristics of the included literature

A total of 843 articles were retrieved from the above
databases. According to the screening criteria, 834 articles
were excluded, and a total of nine studies were included in
this meta-analysis (6,11-18). The literature screening flow
chart is shown in Figure 1. Among these nine articles, six
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were cohort studies, and three were case-control studies.
The research objects of six cohort studies were not limited
to patients with partial seizure type epilepsy, and those of
the three case-control studies only included patients with
partial seizure type epilepsy. One article was published
in Chinese, and nine articles were in English. The basic
information of the included literature and the NOS score
are shown in 7able 1.

Overall analysis of EEG and recurrence after drug
withdrawal

A total of 1,663 patients in the nine studies were included in
our meta-analysis. There were 1,299 patients with normal
EEG and 364 patients with abnormal EEG. Also, there
were 204 cases of recurrence in patients with normal EEG
and 137 in patients with abnormal EEG. Heterogeneity
between the nine included articles was found (3’=32.70,
P<0.0001, I’=76%), and therefore, the random-effects model
was used for combination. The analysis results showed that
the recurrence rate of patients with abnormal EEG was OR
=3.02 (95% CI: 1.67-5.46, Z=3.66, P=0.0003), as shown in
Figure 2. The funnel diagram showed that the points were
roughly symmetrically distributed in an inverted funnel
shape, and there was no publication bias (Figure 3).
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Table 1 Literature characteristics and NOS scores
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Author and year Study type Epileptic seizure type Language No. of patients No. of relapses  NOS
Karalok (6) 2020 Cohort All seizures types English 308 26 7
Matricardi (15) 1989 Cohort Partial seizures English 458 84 7
Olmez (11) 2009 Case-control All seizures types English 157 31 7
Pavlovi¢ (16) 2011 Cohort Generalized seizures English 44 23 7
Pavlovi¢ (17) 2012 Cohort Partial seizures English 52 19 7
Qu (13) 2019 Case-control All seizures types Chinese 176 48 8
Ramos-Lizana (14) 2010 Cohort All seizures types English 216 56 7
Verrotti (18) 2000 Case-control Partial seizures English 84 24 7
Verrotti (12) 2012 Cohort All seizures types English 168 30 8
NOS, Newcastle-Ottawa scale.
Experimental Control Odds Ratio Odds Ratio

Study or Subgrou Events Total Events Total Weight
Karalok 2020 5 46 21 262 10.6%
Matricardi 1989 39 83 45 375 13.8%
Olmez 2009 11 33 20 124 11.7%
Pavlovi¢ 2011 11 16 12 28 8.9%
Pavlovi¢ 2012 11 15 8 37 8.4%
Qu 2019 21 60 27 116 12.9%
Ramos-Lizana 2010 15 45 41 171 12.7%
Verrotti 2000 16 22 8 62 9.5%
Verrotti 2012 8 44 22 124 11.5%
Total (95% CI) 364 1299 100.0%
Total events 137 204

M-H. Random. 95% CI

M-H. Random. 95% CI
1.40[0.50, 3.92] ]
6.50 [3.82, 11.06]
2.60[1.09, 6.19]
2.93[0.80, 10.71]
9.97 [2.49, 39.88]
1.77[0.90, 3.51]
1.59[0.78, 3.23]
18.00 [5.44, 59.55]
1.03[0.42, 2.52]

,MW

3.02 [1.67, 5.46]

Heterogeneity: Tau? = 0.59; Chi? = 32.70, df = 8 (P < 0.0001); 12 = 76%

Test for overall effect: Z = 3.66 (P = 0.0003)

0.01 0.1 1
Favours [experimental]

10 100
Favours [control]

Figure 2 Forest chart comparing the epilepsy recurrence rates of children with abnormal EEG and normal EEG after drug withdrawal.

EEG, electroencephalogram.
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Figure 3 Funnel diagram comparing the epilepsy recurrence rates
of children with normal EEG after drug withdrawal. SE, standard
error; OR, odd ratio; EEG, electroencephalogram.
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Subgroup analysis of EEG and recurrence after drug
withdrawal

Subgroup analysis was carried out according to the different
types of seizures, which were divided into two subgroups.
One subgroup included three studies with partial seizure
patients as the research object, and the other subgroup
included six articles with all seizure types as the research
object. There was no heterogeneity among the studies in
the non-limited partial seizure subgroup (x’=3.00, P=0.70,
I’'=0%), so the fixed-effects model was used for combination.
The analysis results showed that compared to patients with
abnormal and normal EEG, the recurrence rate after drug
withdrawal was OR =1.70 (95% CI: 1.20-2.40, Z=3.02,
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Experimental
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Study or Subgrou Events Total Events Total Weight
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Karalok 2020 5 46 21 262 9.7%
Olmez 2009 11 33 20 124 9.7%
Pavlovic 2011 11 16 12 28  47%
Qu 2019 21 60 27 116 20.7%
Ramos-Lizana 2010 15 45 41 171 19.7%
Verrotti 2012 8 44 22 124 16.3%
Subtotal (95% CI) 244 825 80.9%
Total events 71 143
Heterogeneity: Chi? = 3.00, df =5 (P = 0.70); I>= 0%
Test for overall effect: Z = 3.02 (P = 0.003)
B Partial seizures
Matricardi 1989 39 83 45 375 15.0%
Pavlovi¢ 2012 11 15 8 37 21%
Verrotti 2000 16 22 8 62 2.0%
Subtotal (95% Cl) 120 474  191%
Total events 66 61

Heterogeneity: Chi2 = 2.45, df =2 (P = 0.29); 1= 18%
Test for overall effect: Z = 9.05 (P < 0.00001)

Total (95% CI)
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Heterogeneity: Chi? = 32.70, df = 8 (P < 0.0001); I> = 76%

137

364
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Test for overall effect: Z =7.94 (P < 0.00001)
Test for subaroun differences: Chi?2 = 28.83. df = 1 (P < 0.00001). I2 = 96.5%
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Figure 4 Subgroup analysis forest diagram comparing the epilepsy recurrence rates of children with abnormal EEG and normal EEG after

drug withdrawal. A. not partial seizure group; B. Partial seizures subgroup. EEG, electroencephalogram.
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Figure 5 Subgroup analysis funnel diagram comparing the epilepsy
recurrence rates of children with abnormal EEG and normal EEG
after drug withdrawal. SE, standard error; OR, odd ratio; EEG,

electroencephalogram.

P=0.003) (Figure 4).

Furthermore, there was no heterogeneity among
the studies involving some seizure types (y’=2.45,
P=0.29, I’=18%), so the fixed-effects model was used
for combination. The analysis results illustrated that the
recurrence rate of patients with abnormal EEG was OR
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=8.08 (95% CI: 5.14-12.71, Z=9.05, P<0.00001), as shown
in Figure 4. The results were consistent between the two
subgroups, and there was no heterogeneity among the
subgroups.

The subgroup analysis results were consistent with the
overall results. The funnel chart of the subgroup analysis
demonstrated that the literature on some seizure-type
subgroups was biased towards positive results, and studies
on non-limited partial seizure subgroups were biased
towards negative results, as shown in Figure 5.

Discussion

Although a previous meta-analysis (19) confirmed that
abnormal EEG after drug withdrawal was a risk factor
for epilepsy recurrence, the research did not distinguish
between children and adult subjects. There are differences
in the brain structure and development between adults
and children, as well as variations in seizure phenotype
and pathological mechanism (19-21). The etiology of
epilepsy in children is more complex than that in adults; the
types of seizures are more diverse and are often atypical.
Childhood seizures change with age. In terms of treatment,
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the functions of other organs of children’s nervous system
diseases are not mature, improper drug selection is more
prone to various adverse reactions, and AEDs need to be
replaced with age (22-24). If childhood epilepsy is not
treated in time, it eventually becomes adult epilepsy (25).
The risk factors of epilepsy recurrence in children are
complex, and the relationship between abnormal EEG
after drug withdrawal and epilepsy recurrence in children is
controversial.

A total of nine articles were included in this meta-
analysis. The results showed that patients with abnormal
EEG after drug withdrawal had a higher epilepsy
recurrence rate than patients with normal EEG. Abnormal
EEG after drug withdrawal is a risk factor for the
recurrence of epilepsy in children. However, there was
significant heterogeneity among the literature. This study
identified the source of heterogeneity through subgroup
analysis. There was no heterogeneity between the two
subgroups grouped by different subjects. Therefore, we
believe that heterogeneity came from the different research
objects in the various studies. The research objects of three
studies were only partial seizure patients, while those of
the remaining six articles included patients with all seizure
types, did not distinguish the seizure types, or only included
patients with comprehensive seizure types. The analysis
results of the two subgroups were in good agreement with
the overall results, which supported the conclusion that the
abnormal EEG after drug withdrawal was a risk factor for
the epilepsy recurrence in children.

In the subgroup analysis, we found that the studies
involving some seizure subgroups were biased towards
positive results and considered that abnormal EEG was
a risk factor for epilepsy recurrence in children. In the
combined analysis, the OR value of the partial seizure
subgroup was greater than that of the non-limited partial
seizure subgroup. Our analysis suggests that this may be
caused by the superposition of partial seizures and abnormal
EEG. A study showed that seizure types are related to the
recurrence of epilepsy in children, and partial seizures
are risk factors for recurrence after drug withdrawal (6).
The superposition of the two risk factors may lead to a
significant increase in the risk of recurrence.

Our research also has some limitations that should
be noted. Firstly, the sample size included in this study
(1,663 patients in nine articles) is small. Therefore,
it is necessary to expand the sample size in future
research. Moreover, there was also no clear period of
EEG examination after drug withdrawal in the included
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articles. Finally, some studies did not control the clinical
baseline data of the observation and control groups. These
deficiencies may affect the research results.

In conclusion, abnormal EEG after drug withdrawal
is a risk factor for the recurrence of epilepsy in children.
Therefore, children with epilepsy should be examined
by EEG following drug withdrawal to evaluate the risk
of epilepsy recurrence. For children with epilepsy and
abnormal EEG after drug withdrawal, a more cautious drug
withdrawal scheme and closer follow-up and monitoring are
needed.
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