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Abstract
To assess the risk of epilepsy recurrence after withdrawal from antiepileptic drugs (AEDs), researchers extensively studied
recurrence-related risk factors, including electroencephalogram (EEG) during AED withdrawal. The relationship between
EEG and epilepsy recurrence is controversial. We used meta-analysis to determine the correlation between EEG during AED
withdrawal and epilepsy recurrence. A total of seven studies met the criteria for inclusion. The Newcastle–Ottawa Scale was used
to conduct the research quality evaluation. Seven hundred three patients were included in meta-analysis. Patients with abnormal
EEGs duringwithdrawal had a higher recurrence rate than patients with normal EEGs. Abnormal EEGs duringwithdrawal were a
risk factor for recurrence.
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Introduction

Epilepsy is a chronic disease or syndrome caused by an
abnormal discharge of brain neurons [1]. About 70% of
patients with epilepsy can find relief after regular treat-
ment with AEDs [2, 3]. However, 12–67% patients with
epilepsy still relapse after withdrawal [4–7]. The relapse
after AED withdrawal is a matter of great concern to doc-
tors and patients [8]. Although epilepsy relapse after AED
withdrawal can be relieved again with re-medication, it
often takes a long time to regain remission [9]. Some
studies have shown that relapse is more likely to develop
into status epilepticus [10]. Relapse is also a difficult bur-
den for patients [11].

To assess relapse risk after withdrawal, Overweg [12],
MRC [13], Dooley [14], Braathen [15], Geerts [16] and
Lamberink [17] studied risk factors for relapse and suc-
cessively created recurrence prediction models. Only
Overweg researched the relationship between EEG during
AED withdrawal and epilepsy recurrence [12]. The result

of this study indicated that EEG tests during AED with-
drawal were not associated with recurrence [12].
However, Galimberti [18] reported a higher recurrence
rate in patients with abnormal EEGs following AED with-
drawal. Todt’s study [19] indicated patients with abnormal
EEGs during withdrawal period had a higher recurrence
rate than patients with a normal EEG test, which is similar
to outcomes reported in a study by Verrotti [20]. The
correlation between EEGs and epilepsy recurrence is con-
troversial. Therefore, we performed a meta-analysis to de-
termine the correlation between EEG during AED with-
drawal and epilepsy recurrence.

Materials and methods

Search strategy

The investigators completed a systematic search of
PubMed and EMBASE from January 1980 to December
2017. The reference lists of the identified articles were
reviewed by the investigators to assure inclusion of all
relevant studies. Two authors conducted the literature
screening and data extraction according to the established
inclusion and exclusion criteria (Fig. 1). Any disagree-
ments were resolved by consensus.
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Keyword searches

The following terms and their synonyms were included in the
systematic searches: epilepsy, recurrence, electroencephalo-
gram, withdrawal, EEG.

Selection criteria

Inclusion criteria: (1) full-text articles on patients beginning
AEDs withdrawal, (2) reporting data on seizure recurrence,
(3) published from January 1980 to December 2017 and (4)
number of patients greater than 30.

Exclusion criteria: (1) patient inclusion was highly selec-
tive, such as patients underwent epilepsy surgery or vagal
nerve stimulation and (2) studies that lacked original data.

Data extraction and quality evaluation

Two authors assessed the eligible studies and resolved
disagreements through discussion. The following data
were extracted from included studies: author, year of
publication, type of study, patients, type of epilepsy,
seizure-free period, length of follow-up after drug with-
drawal, age at withdrawal, number of patients, gender,
number of patients experiencing recurrence, recurrence
rate, the number of patients with abnormal EEGs and
the number with normal EEGs. The risk of bias was
assessed using the Newcastle–Ottawa Scale (NOS).
The NOS accounts for selection criteria, comparability
and outcomes. The NOS scores were divided into three
groups: 1–3 (low), 4–6 (medium) and 7–9 (high) meth-
odological quality levels.

PubMed 234 From other sources 1EMBASE 413

505 studies excluded based 

on title and abstract

559 studies after removal of 

duplicates

47 studies excluded based on full 

text conference abstract or 

poster (n=20), full text not 

available (n=22), original data 

not available (n=1), small number 

patients (n=1), EEG recordings 

prior to AED withdrawal (n=3)

54 studies assessed 

based on full text

7 studies included

Fig. 1 Literature screening
process

Table 1 Methodological quality assessment using the Newcastle–Ottawa quality assessment scale for cohort studies and case–control studies

Author Year Selection Comparability Outcome Total

1 2 3 4 1 2 1 2 3

Cohort studies Qing Di et al. 2013 1 1 1 1 0 0 1 1 1 7

Pavlovic et al. 2012 1 1 1 1 0 0 1 1 1 7

Pavlovic et al. 2011 1 1 1 1 0 0 1 1 1 7

Tinuper et al. 1996 1 1 1 1 0 1 1 1 1 8

Galimberti et al. 1993 1 1 1 1 0 0 1 1 1 7

Case–control studies Verrotti et al. 2000 1 1 1 1 1 0 1 1 1 8

Eadie 1994 1 1 1 1 0 0 1 1 0 6
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Statistical analyses

We used RevMan 5.3 software for data analysis and I-
squared (I2) value for assessing statistical heterogeneity.
I2 > 50% was considered significant heterogeneity.
Different models of analysis were chosen to account
for the heterogeneity findings. If I2 showed significant
heterogeneity, the random effects model was used. In
contrast, the fixed effects model was used. P ≤ 0.05
was considered statistically significant. Odds ratios with
95% confidence intervals (CIs) were calculated to ex-
press the results using the Mantel–Haenszel statistical
method.

Results

Search results

We identified 647 studies for inclusion. Only one additional
study was found in the reference lists of included studies. Due
to duplications, 89 studies were excluded. Because of irrelevan-
cy, 505 studies were excluded in the first round. In the remain-
ing 54 studies, 47 studies were excluded after reviewing the
abstract or the full-text while 7 full-text studies were included.

The seven studies were assessed using the NOS. The re-
sults are shown in Table 1. All the methodologies of the in-
cluded studies attained medium-to-high quality ratings.

The characteristics of the seven studies are shown in
Table 2. The participants were enrolled after at least 2 years
without seizures in all seven studies. The types of epilepsy
were different in included studies. Three experiments focused
on partial epilepsy [20, 22, 25], one experiment was for gen-
eralised epilepsy [24] and one experiment looked into partial
epilepsy and generalised epilepsy [18]. The types of epilepsy
for the remaining two studies were different. One experiment
was not limited to a single type of epilepsy [23], and the other
experiment excluded acute symptomatic epilepsy, Lennox–
Gastaut syndrome, West syndrome and other epileptic syn-
dromes [21]. EEG recording was performed during the period
of AED withdrawal in all studies. EEG results were classified
as normal or abnormal. There were differences in the defini-
tion of abnormal EEGs: in those five articles, the abnormal
EEGs were defined as epileptiform abnormalities [18, 20, 22,
23, 25], while the other two articles defined as epileptiform
abnormalities and non-epileptiform abnormalities [21, 24].

EEG results of cohort studies and case–control studies

A total of 703 patients were included. The pooled odds ratio
for abnormal EEGs was 3.14 (95% CI 2.23–4.44,
P < 0.00001; Fig. 2a). The heterogeneity I2 was 65% (P =
0.009; Fig. 2a). The funnel plot shows that two articles existTa
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outside the funnel (Fig. 3a). Because the heterogeneity was
large, we used the random effects model for calculation. The
odds ratio was 3.84 (95% CI 2.03–7.27, P < 0.0001; Fig. 2b),
and the heterogeneity I2 was 65% (P = 0.009; Fig. 2b). The
results still show high heterogeneity in the random effects
model.

EEG results of cohort studies

Although the results showed patients with abnormal EEGs
have a higher relapse risk, there was high heterogeneity. To
determine the source of heterogeneity, we performed a sensi-
tivity analysis. Since five of the seven included studies are
cohort studies, we conducted a subgroup analysis for the

cohort studies alone. The results of the subgroup analysis
showed that the odds ratio for an abnormal EEG was 3.36
(95% CI 2.15–5.25, P < 0.00001; Fig. 2c). The heterogeneity
is significantly reduced in this analysis: I2 is only 1% (P =
0.40; Fig. 2c), and five studies are located within the funnel
(Fig. 3c). The results of the cohort studies sub-analysis are
similar to the results of cohort studies and case–control stud-
ies, yet the heterogeneity is significantly reduced.

Epilepsy recurrence and EEG alterations

Two of the studies analysed the correlation between EEG
alterations and epilepsy recurrence. These two studies includ-
ed 256 patients. The EEG alterations were classified as

Fig. 2 Forest plot of the comparison of abnormal EEG vs normal EEG
during AEDs withdrawal and the resulting seizure recurrence rate after
AEDs withdrawal. a Forest plot of 7 included studies in the fixed effects

model. b Forest plot of 7 included studies in the random effects model. c
Forest plot of 5 cohort studies in the random effects model
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consistently normal EEGs (EEGs were normal both before
and during withdrawal), unchanged epileptiform EEGs
(EEGs were epileptiform discharges both before and during
withdrawal), and worsening EEGs (characterised by the ap-
pearance or by an increase in epileptiform abnormalities) [18,
25]. We compared worsening EEGs and unchanged epilepti-
form EEGs with consistently normal EEGs. The results
showed that the odds ratio for worsening EEGs was
4.57(95% CI 2.18–9.59, P < 0.0001; Fig. 4 (1.3.1)), and het-
erogeneity was non-existent. The odds ratio for unchanged
epileptiform EEGs was 2.07 (95% CI 0.99–4.30, P = 0.05;
Fig. 4 (1.3.2)). No heterogeneity was reported (I2 = 5%, P =
0.30; Fig. 4 (1.3.2)). We also assessed the comparison be-
tween worsening EEGs and unchanged epileptiform EEGs.
The odds ratio for worsening EEG was 2.28 (95% CI 0.92–

5.70, P = 0.08, Fig. 4 (1.3.3)), which indicates that there was
no significant difference between them. Based on these re-
sults, worsening EEGs and unchanged epileptiform EEGs ap-
pear to be borderline risk factors for recurrence.

Discussion

The relationship between epilepsy recurrence and EEGs be-
fore withdrawal has been extensively studied. Multiple meta-
analysis results have revealed that abnormal EEGs before
AED withdrawal is a risk factor for relapse [5, 17, 26].
However, few studies have focused on the correlation between
recurrence and EEG during withdrawal, and the current results
are controversial.

Fig. 3 Funnel diagram for
publication bias test. a Funnel
diagram in a fixed effects model.
b Funnel diagram in a random
effects model. c Funnel diagram
for cohort studies

Neurol Sci (2019) 40:1637–1644 1641



According to our meta-analysis, patients with abnormal
EEGs during withdrawal have a higher relapse risk than pa-
tients with normal EEGs. In all seven included studies and five
cohort studies, the relative odds ratios associated with abnor-
mal EEGs were 3.14 and 3.36 respectively. Abnormal EEGs
are therefore a risk factor for relapse. This outcome is consis-
tent with the outcomes of various studies included in this
meta-analysis [18, 20, 22, 24, 25].

The relationship between worsening EEGs and recur-
rence was studied by Galimberti [18] and Tinuper [25].
The study of Galimberti [18] included 136 patients whose
EEGs were performed at predetermined times both before
and throughout AED withdrawal. Seizure relapse occurred
in 17 out of 22 patients whose EEG during withdrawal was
worse. Compared to patients with consistently normal
EEGs and improved EEGs, patients with worsening
EEGs had a higher relapse risk. Tinuper [25] conducted a
similar study with 120 patients, including 36 patients in
whom EEGs worsened during withdrawal. Among these
36 patients, epileptiform abnormalities were reported in
the EEGs of 20 patients, and there was an increase in ab-
normalities in the EEGs of 16 patients. Seizure relapse
occurred in 30 out of 36 patients. Among relapse patients,
17 patients’ EEGs presented epileptiform abnormalities

that were previously absent, while the rest 13 patients’
EEGs presented an increase in epileptiform abnormalities.
The results of this study show a significantly higher relapse
rate in patients whose EEGs worsened during withdrawal
[25]. The meta-analysis result of these two studies indicate
that the odds ratio for worsening EEGs was 4.57 and wors-
ening EEGs appear to be borderline risk factors for recur-
rence. Procaccianti [27] also reported that worse EEG re-
sults during the AED-W were correlated with a poor out-
come, yet no significant correlation was found by Overweg
[12]. Galimberti [18] and Tinuper [25] also analysed the
correlation between unchanged epileptiform EEG and re-
currence. Regarding unchanged epileptiform EEGs, the
odds ratio was 2.07. This result indicates that patients with
unchanged epileptiform EEGs had a higher risk of relapse
than patients with consistently normal EEGs. This result is
consistent with Galimberti’s study [18]. The odds ratios for
worsening EEGs and unchanged epileptiform EEGs were
4.57 and 2.07, respectively. In a further analysis of whether
patients with worsening EEGs have a higher risk of relapse
than patients with unchanged epileptiform EEGs, the result
shows the difference is not statistically significant.

The increase and/or appearance of epileptiform abnor-
malities during AED withdrawal are associated with a

Fig. 4 Subgroup analysis on the correlation between EEG alterations and
epilepsy recurrence. (1.3.1) Forest plot of the comparison of worsening
EEG vs consistently normal EEG during withdrawal. (1.3.2) Forest plot

of the comparison of unchanged epileptiform EEG vs consistently normal
EEG during withdrawal. (1.3.3) Forest plot of the comparison of
worsening EEG vs unchanged epileptiform EEG during withdrawal
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higher probability of relapse. Therefore, periodic EEG
monitoring during withdrawal may provide useful clinical
findings [18, 25]. In 1989 and 1995, Nakazawa conducted
two studies using an EEG-guided AED withdrawal proce-
dure [28, 29]. In 1989, using the researcher’s procedures,
15 patients successfully completed withdrawal without re-
lapsing [28]. While in 1995, the researchers performed a
trial using the same procedures on a larger sample of 45
patients who also had no incidence of relapse [29]. In these
two studies, patients repeatedly underwent EEG recordings
during AED withdrawal. If the EEGs showed epileptic dis-
charge despite no clinical seizure, they did not continue the
withdrawal. In contrast, they increased the drug dose and
discontinued the withdrawal. AEDs were gradually re-
duced only if no epileptic discharge was reported in the
EEGs [28, 29]. The results of these two experiments favour
the importance of the absence of epileptic discharges for
positive clinical outcomes. An EEG recording is needed
during AED withdrawal.

In our meta-analysis of the seven studies, heteroge-
neity is high. When sub-analysis is used on study type,
the results of sub-analysis studies show the heterogene-
ity is significantly reduced. Therefore, the two case–
control studies are likely the source of heterogeneity.
The reasons for these two studies as the source of het-
erogeneity may be that the study types are different or
that the experiment of Verrotti [20] only included pa-
tients with normal EEGs before withdrawal, while pa-
tients with abnormal EEGs before withdrawal were in-
cluded in other six studies [18, 21–25].

There are some limitations to our study. First, there
were few studies and patients included: seven articles
and 703 patients. To ensure the results are more reli-
able, additional studies are needed. Second, the included
studies did not control for relevant factors that may
affect the results when they were grouped. Finally, al-
though abnormal EEGs appear to be risk factors, we
cannot analyse the relationship between different types
of abnormal EEGs and recurrence risk.

Despite these limitations, this meta-analysis reports that
abnormal EEGs during AED withdrawal predict a high risk
of seizure relapse. Therefore, EEGs should be considered in
the decision to withdraw AEDs. We recommend that if EEG
abnormalities are found, the withdrawal fromAEDs should be
reconsidered cautiously.
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