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ABSTRACT - Aim. It was recently suggested that early postoperative seizure
relapse implicates a failure to define and resect the epileptogenic zone,
that late recurrences reflect the persistence or re-emergence of epilep-
togenic pathology, and that early recurrences are associated with poor
treatment response. Timing of antiepileptic drugs withdrawal policies, how-
ever, have never been taken into account when investigating time to relapse
following epilepsy surgery. Methods. Of the European paediatric epilepsy
surgery cohort from the “TimeToStop” study, all 95 children with postop-
erative seizure recurrence following antiepileptic drug (AED) withdrawal
were selected. We investigated how time intervals from surgery to AED
withdrawal, as well as other previously suggested determinants of (timing
of) seizure recurrence, related to time to relapse and to relapse treata-
bility. Uni- and multivariable linear and logistic regression models were
used. Results. Based on multivariable analysis, a shorter interval to AED
reduction was the only independent predictor of a shorter time to relapse.
Based on univariable analysis, incomplete resection of the epileptogenic
zone related to a shorter time to recurrence. Timing of recurrence was not
related to the chance of regaining seizure freedom after reinstallation of
medical treatment. Conclusion. For children in whom AED reduction is ini-
tiated following epilepsy surgery, the time to relapse is largely influenced
by the timing of AED withdrawal, rather than by disease or surgery-specific
factors. We could not confirm a relationship between time to recurrence
and treatment response. Timing of AED withdrawal should be taken into
account when studying time to relapse following epilepsy surgery, as early
withdrawal reveals more rapidly whether surgery had the intended curative
effect, independently of the other factors involved.
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Epilepsy surgery is a highly successful treatment
option for children with refractory focal structural
epilepsy, with postoperative seizure freedom rates
varying from 50-70% (Spencer and Huh, 2008). If
antiepileptic drugs (AEDs) can be discontinued post-
operatively and seizure freedom persists for many
years, the child can be considered “cured” from
epilepsy (Schmidt et al., 2004). Seizure freedom
rates, however, decline over the years after surgery
(Spencer and Huh, 2008; Wiebe and Jette, 2012; Edelvik
et al., 2013), possibly related to underlying pathol-
ogy (Bulacio et al.,, 2012). The extent to which AED
withdrawal contributes to the decrease of seizure
freedom rates over time remains unknown. Overall
predictors of postoperative seizure recurrences have
been clearly identified in multivariable analyses and
include specific pathology, incomplete resection of
the anatomical lesion and epileptogenic zone, mul-
tifocal MRI abnormalities, preoperative generalised
EEG abnormalities, prior surgery, multilobar resec-
tions, and epileptic abnormalities on postoperative
EEG (Jeha et al., 2007; Boshuisen et al., 2012; Bulacio et
al.,2012; Mcintosh et al., 2012; Ladino et al., 2014). Medi-
cal treatability of postoperative recurrences appears to
differ between patients who had a recurrence follow-
ing AED withdrawal and those who relapsed while still
on drugs (Berg et al., 2006; Kerling et al., 2009).

It was recently suggested that there are two distinct
types of seizure relapse; early recurrences (within
6 to 12 months) implicating a failure to define and
resect the epileptogenic zone, and late recurrences
that may arise after years, possibly reflecting the per-
sistence or re-emergence of epileptogenic pathology
(Najm et al., 2013; Goellner et al., 2013). Inherently, fac-
tors that have been associated with early recurrences
included the need for invasive recordings, bilateral
MRI abnormalities, and postoperative interictal EEG
abnormalities (Jeha et al., 2006; Jehi et al., 2010; Najm
et al., 2013). Focal cortical dysplasia (FCD) type 1 and
the absence of a clear pathological substrate in the
resected tissue have been suggested to predict late
recurrences (Jehaetal., 2006; Najm et al., 2013). Further-
more, it was reported that early recurrences are more
likely to be AED-resistant compared to late relapses
(Jeha et al., 2007; Jehi et al., 2010; Najm et al., 2013;
Goellner et al., 2013).

We hypothesize that the time to postoperative seizure
relapse is, to a large extent, also influenced by the tim-
ing of AED withdrawal, a factor that has, until now, not
systematically been accounted for in the above stud-
ies. The suggestion put forward by Najm et al., that
timing of recurrence is largely determined by disease-
and surgery-specific factors (Najm etal., 2013), inspired
us to investigate whether timing of AED withdrawal
influences time to relapse, based on the data from the
recently reported “TimeToStop” cohort (Boshuisen

et al., 2012). From this cohort of seizure-free chil-
dren in whom AED withdrawal was initiated following
epilepsy surgery, we identified those who relapsed
during or after withdrawal and investigated the timing
of recurrence, not only with regards to the predictors
suggested by Najm et al., (2013), butalso with regards to
the timing of AED withdrawal. This correlation has not
been previously reported. Furthermore, we analysed
whether time to relapse was associated with treatabil-
ity of seizure recurrence.

Methods

We used the database of the TimeToStop study, a
retrospective European multicentre cohort study that
investigated how timing of AED withdrawal after
epilepsy surgery related to seizure recurrence and
eventual seizure freedom in a selected cohort of 766
children who started AED withdrawal after having
reached postoperative seizure freedom. In this study,
time to relapse had not yet been evaluated in relation
to possible predictors (Boshuisen et al., 2012).

For the specific purpose of the present study, we
selected all patients with seizure recurrence during
or after AED reduction (n=95). We investigated how
the time of occurrence of the first relapse was related
to: 1) the timing intervals from surgery to start and
completion of AED withdrawal; 2) other determinants
of postoperative seizure recurrence (Boshuisen et
al., 2012); and 3) previously suggested predictors of
time to relapse (Najm et al., 2013) (table 7). Further-
more, the time to relapse was related to its treatability,
defined as regaining seizure freedom after restarting
or change of medication. Definitions and classifica-
tions of the possibly predictive factors analysed here
(e.g. type of surgery, aetiology, and completeness
of resection) were identical to those described in
the previous TimeToStop study. We defined “time to
start of AED reduction” (TTR) as the interval from
surgery to the first dose reduction of drugs, and
“time to discontinuation of AEDs” (TTD) as the inter-
val between surgery and complete cessation of drugs.
Here, we defined “time at increased risk” as the
interval between start of AED reduction and seizure
relapse. To assess whether a reduction of drugs car-
ried a relapse risk similar to that of complete AED
discontinuation, we compared characteristics of chil-
dren who relapsed during reduction with those who
only had a recurrence after complete cessation of
AEDs.

Statistical analysis

Uni- and multivariable linear regression analysis was
used to correlate timing of seizure recurrence with
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Table 1. Possible determinants of timing of seizure recurrence. Linear regression analysis of variables
in relation to interval to seizure recurrence.

Interval from surgery to recurrence
Univariable analysis Multivariable analysis
p value RC (95% Cl) p value RC (95% CI)

Multifocal MRI lesions 0.95 0.35 (-11.34-12.04)
Normal MRI 0.65 -9.90 (-52.73-32.92)
Preoperative intracranial recordings performed 0.50 3.15 (-6.16-12.46)
TTR (in months) <0.001 0.96 (0.66-1.25) 0.05 0.90 (0.02-1.79)
TTD (in months) 0.02 0.77 (0.15-1.38) 0.64* -0.68 (-4.84-3.48)*
Incomplete resection of anatomical lesion 0.57 -2.89 (-12.89-7.12)
Incomplete resection of epileptogenic zone 0.02 -25.19 (-46.29-4.09) 0.10 -17.1 (-38.0-3.85)
Type of Surgery

Lobar resection (reference) - -

Hemispherectomy 0.06 -12.46 (-25.57-0.64) 0.09 -9.47 (-20.6-1.61)

Multilobar resection 0.37 -5.96 (-19.06-7.15) 0.87 -0.92 (-12.1-10.2)
Postoperative EEG findings

No epileptic discharges (reference) - -

Epileptic discharges 0.69 1.96 (-7.63-11.55)

No postoperative EEG performed 0.27 -8.89 (-24.94-7.16)
Aetiology

MCD (reference) - -

Tumour 0.74 1.74 (-8.71-12.18)

Vascular lesions 0.25 -9.57 (-25.81-6.67)

HS 0.95 -0.42 (-13.62-12.79)

Other aetiologies 0.99 0.20 (-31.09-31.50)

RC: regression coefficient, indicating the change in interval to seizure recurrence (in months) with every unit or category change in
the predictor; Cl: confidence interval; MCD: malformations of cortical development; HS: hippocampal sclerosis; TTR: mean interval
to start of reduction of AEDs; TTD: mean interval to complete cessation of AEDs.

*Separate models were used for TTR and TTD because these were highly correlated.

possible determinants. Determinants with p values
<0.1 were used in a multivariable model. Logistic
regression was used to study how time intervals
between surgery and relapse related to treatabil-
ity. To identify possible differences between children
who relapsed during reduction with those who only
had a recurrence after complete cessation of AEDs,
x? tests and independent t-tests were used where
appropriate.

Results

Timing of recurrences

The median time from surgery to seizure recurrence
was 25.3 months; 14% of the 95 patients had a relapse
within 6 months, 24% within 12 months, and 48% within
24 months, cumulatively (figure 7). Median interval to
start of reduction of AEDs (TTR) was 11.9+12.3 months.
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Figure 1. Interval between surgery and relapse.

Intervals from surgery to seizure recurrences in months, for all included patients (n=95).

The median “time at increased risk”, defined as the
interval from the beginning of AED reduction to recur-
rence, was 8.7 months, with 44% of relapses occurring
within 6 months after the start of withdrawal, 56%
within 12 months, and 81% within 24 months. Median
interval to complete discontinuation of AEDs (TTD)
in children who achieved complete AED discontinu-
ation (n=36) was 21.24+12.5 months. In this subgroup,
the median interval after complete discontinuation of
AEDs until seizures recurred was 10.8 months, with
46% of children relapsing within 6 months, 51% within
12 months, and 70% within 24 months after complete

withdrawal. As illustrated in figure 1, we found no spe-
cific dichotomy with regards to the time to relapse in
this cohort. Recurrences occurred both early and late
after surgery, with a wide range of intervals.

Determinants of the time to relapse

We first analysed how the previously identified deter-
minants of seizure recurrences (Boshuisen et al., 2012),
and of timing of seizure relapse (Najm et al.,, 2013),
related to time to relapse. Using univariable analy-
sis, incomplete resection of the epileptogenic zone
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significantly correlated with a shorter time to relapse,
and hemispherectomy tended to be associated with
shorter intervals to recurrence. The two factors that
were related to a longer time to relapse were a longer
interval to start of medication withdrawal (TTR) and
later complete discontinuation of medication (TTD).
Using multivariable analysis, the only determinant that
remained significantly associated with a longer time to
relapse was a longer interval to start of AED reduction
(table 7). When children who relapsed after initiation
of AED reduction were compared with those who had
a recurrence only after AEDs had completely been
discontinued, no significant differences in epilepsy-
or surgery-related outcome predictors were identified
(data not shown).

Treatability of recurrences

Time to relapse was not related to the chance of regain-
ing seizure freedom after reinstallation of medical
treatment (OR: 1.00; 95% Cl:0.98-1.02; p=0.83). The time
corresponding to being at “increased risk”, after initi-
ation or completion of AED withdrawal, until seizures
recurred, was not related to treatability of seizure
recurrences (OR:1.01;95% Cl:0.98-1.04; p=0.65 and OR:
1.02; 95% Cl: 0.98-1.06; p=0.41, respectively).

Discussion

In 95 children with a postoperative seizure recurrence
among a retrospective European cohort of 766 chil-
dren who had started AED withdrawal after epilepsy
surgery (Boshuisen et al., 2012), timing of AED with-
drawal was the only independent predictor of the time
torelapse. Timing of seizure recurrence was not associ-
ated with subsequent medication intractability. These
findings add to our understanding of the relation-
ship between postoperative drug policies and seizure
outcome. Having previously established that earlier
withdrawal does not affect eventual seizure outcome
(Boshuisen et al., 2012), we now demonstrate that tim-
ing of AED withdrawal is closely related to the timing
of relapse, providing further evidence that early with-
drawal uncovers sooner whether or not surgery had
the intended curative effect.

Based on aseries of previous studies that included chil-
dren and adults, Najm et al. (2013) recently proposed,
in a highly original review, that the timing of seizure
relapse implicates a difference in underlying patho-
physiological mechanisms. In their studies, factors that
were associated with an inability to accurately define
or completely resect the epileptogenic zone predicted
early recurrence, whereas late recurrences were sug-
gested to reflect ongoing epileptogenicity. In adults
who underwent anterior temporal lobectomy, a high

Time to relapse after epilepsy surgery

preoperative seizure frequency and generalised tonic-
clonic seizures, bilateral MRI abnormalities, spikes
on a six-month postoperative EEG, and the need for
invasive EEG diagnostics significantly related to early
recurrences (Jeha et al., 2006). After tailored temporal
resection in adults, early recurrence within six months
was a significant predictor of anon-contiguous, distant
focus (Jehi et al., 2010). Furthermore, of the patients
who relapsed after a temporal resection (Jehi et al,,
2010; Goellner et al., 2013), as well as adults or chil-
dren who underwent a frontal resection (Jeha et al,,
2007), those with early postoperative recurrences were
more likely to become intractable to AED treatment
than those who had a late seizure relapse.

Based on the current retrospective study of chil-
dren who relapsed after surgery, a tendency toward
earlier recurrences tended to correlate with an inabil-
ity to accurately define or completely resect the
epileptogenic zone, however, we could not prove sta-
tistical independence. In addition, we did not find
a relationship between time to relapse and reac-
tion to subsequent treatment. Several explanations
can account for the different findings between those
reported in previous studies and those reported here.
First, in earlier studies, timing of AED withdrawal was
not systematically accounted for when relating dif-
ferent variables with the time of first seizure relapse
(Jeha et al., 2006; Jehi et al., 2010; Goellner et al., 2013),
whereas it was the only independent predictor in our
analysis. Many of the previously suggested predictors
of timing of seizure recurrence (Najm et al., 2013) have
recently been shown to also influence the decision to
start AED reduction (Boshuisen et al., 2012), and may
therefore have confounded the alleged relationship
between bilateral MRI abnormalities, EEG findings,
the need for invasive diagnostics, (lack of) specific
pathology, and the timing of relapse and its treatabil-
ity. Nevertheless, if these clinical factors had indeed
delayed the decision to withdraw AEDs (Boshuisen et
al., 2012), it is even more striking that the Cleveland
study predicted earlier relapse (Jeha et al., 2006; Jehi
etal., 2010; Najm et al., 2013). This underlines the need
for multivariable analyses including all possible deter-
minants of time to relapse in future studies, including
drug withdrawal.

Second, in most studies referred to by Najm and co-
workers (Jeha et al., 2006; Jehi et al., 2010; Najm et al.,
2013), only adult patients were included. Underlying
pathology, presurgical diagnostics, surgical strategies,
and AED policies may have differed between adults
and children.

Third, we acknowledge that the TimeToStop cohort is
a selected sample of only seizure-free children who
started postoperative AED withdrawal, in contrast to
the total population of surgical cohorts previously
investigated (Jeha et al., 2006; Jeha et al., 2007; Jehi

Epileptic Disord, Vol. 16, No. 3, September 2014

309



K. Boshuisen, et al.

et al., 2010). Factors that determine time to relapse in
patients who continue drugs may differ from those
who withdraw medication. Children with unprovoked
postoperative seizure recurrences, while still on AEDs,
were notincluded inthe currentanalysis, and the influ-
ence of clinical factors that specifically predict early
relapse, as listed above, may thus have been difficult
to detect.

The strong association between timing of AED reduc-
tionand timing of seizure relapse in this study provides
further evidence that AED withdrawal unmasks incom-
plete surgical success and that AEDs merely act
to symptomatically suppress seizures (Loscher and
Schmidt, 2011). Based on the univariable analysis, we
could confirm the previously proposed correlation
between incomplete resection of the epileptogenic
zone and shorter time to recurrence (Jehi et al., 2010;
Najm et al., 2013). Nevertheless, even after the pre-
sumed complete resection of the epilepsy-causing
pathology, patients may carry arisk of relapse following
AED withdrawal, since only part of a potentially larger
epileptogenic network may have been removed (Jehi
etal., 2010; Wiebe and Jette, 2012; Najm et al., 2013). Per-
haps de novo resistance of seizures after surgery partly
reflects the natural history of the primary underlying
epilepsy, which cannot always be cured by focussing
on a single target since most epilepsies develop
from complex alterations resulting in an epileptic net-
work in the brain (Bertram et al., 1998; Engel et al.,
2013).

Conclusion

For children inwhom AED reduction is initiated follow-
ing epilepsy surgery, the time to relapse is influenced
more by AED withdrawal policies than by disease- or
surgery-specific factors. Although our findings stem
from a highly selected cohort, they suggest that
studies into occurrence and timing of postoperative
seizure relapse need to take AED withdrawal policies
into account. Previous suggestions of a relationship
between time to recurrence and treatability could not
be confirmed. O

TimeToStop study group

Austria: M. Feucht, G.Groppel (Medical University
Vienna). France: P. Kahane, L. Minotti (University
Hospital Grenoble); A. Arzimanoglou, P. Ryvlin, E.
Panagiotakaki, J. de Bellescize, K. Ostrowsky-Coste
(University Hospitals of Lyon); E. Hirsch, M Valenti
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ster (Bethel Epilepsy Center, Bielefeld); R. Sassen, C.
Hoppe, S. Kuczaty, C. Elger (University Hospital, Bonn);
T.Bast, S. Schubert (University Hospital Heidelberg); K.

Strobl, T. Bast (Epilepsy Center Kork, Kehl-Kork). Italy:
C. Barba, R. Guerrini, F. Giordano (Paediatric Hospital
A. Meyer, University Hospital, Florence); S. Francione,
D. Caputo (Claudio Munari Epilepsy Surgery Cen-
ter Ospedale Niguarda Milan). The Netherlands: K.
Boshuisen, K.PJ. Braun, C.S.P.M. Uiterwaal, O. van
Nieuwenhuizen, F.S.S. Leijten, P.C van Rijen (University
Medical Center Utrecht). Switzerland: M. Seeck (Neu-
rology clinics, University Hospital Geneva). Turkey:
D. Yalnizoglu, G. Turanli, M. Topcu (Hacettepe Uni-
versity Children’s Hospital, Department of Pediatric
Neurology); C. Ozkara, M Uzan (Cerrahpasa Univer-
sity Hospital Istanbul). United Kingdom: J.H. Cross,
L. D’Argenzio, W. Harkness (UCL-Institute of Child
Health, Great Ormond Street Hospital for Children
NHS Foundation Trust, London).
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TEST YOURSELF

Q1. When parents ask you whether it is safe to withdraw AEDs in their child who became seizure-free after
anticipated curative epilepsy surgery, how would you inform them on risks and benefits?

Q2. Does postoperative AED withdrawal influence the “natural course” of the epilepsy?

Q3. Is early postoperative withdrawal of AEDs unsafe in children?

Answers are based on two review papers (Braun & Schmidt, Curr Opin Neurol 2014,27:219-226; Ladino et al. Epil
Res 2014;108:765-774), and on two research papers (Boshuisen et al. Lancet Neurol 2012;11:784-791, Boshuisen

You can check for the correct answer by visiting the Educational Centre section of www.epilepticdisorders.com
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