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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.

Key words: epilepsy surgery, pediatric, childhood, seizure recurrence,
antiepileptic drugs, antiepileptic drug withdrawal

mailto:k.braun@umcutrecht.nl


Journal Identification = EPD Article Identification = 0681 Date: September 15, 2014 Time: 10:24 am

3

E
o
e
v
a
o
y
e
r
(
e
o
w
f
p
b
i
t
t
E
t
E
a
c
d
i
o
I
t
6
r
t
s
(
t
i
M
a
e
t
r
r
m
l
(
G
W
r
i
s
i
t
a
u
i
r

e
d
e
d
o
s
t
b
w
i

M

W
r
i
e
e
c
r
t
t
F
s
o
t
t
c
o
a
t
m
d
o
t
(
o
t
s
s
“
v
H
i
r
r
d
d
only had a recurrence after complete cessation of
pilepsy surgery is a highly successful treatment
ption for children with refractory focal structural
pilepsy, with postoperative seizure freedom rates
arying from 50-70% (Spencer and Huh, 2008). If
ntiepileptic drugs (AEDs) can be discontinued post-
peratively and seizure freedom persists for many
ears, the child can be considered “cured” from
pilepsy (Schmidt et al., 2004). Seizure freedom
ates, however, decline over the years after surgery
Spencer and Huh, 2008; Wiebe and Jette, 2012; Edelvik
t al., 2013), possibly related to underlying pathol-
gy (Bulacio et al., 2012). The extent to which AED
ithdrawal contributes to the decrease of seizure

reedom rates over time remains unknown. Overall
redictors of postoperative seizure recurrences have
een clearly identified in multivariable analyses and

nclude specific pathology, incomplete resection of
he anatomical lesion and epileptogenic zone, mul-
ifocal MRI abnormalities, preoperative generalised
EG abnormalities, prior surgery, multilobar resec-
ions, and epileptic abnormalities on postoperative
EG (Jeha et al., 2007; Boshuisen et al., 2012; Bulacio et
l., 2012; McIntosh et al., 2012; Ladino et al., 2014). Medi-
al treatability of postoperative recurrences appears to
iffer between patients who had a recurrence follow-

ng AED withdrawal and those who relapsed while still
n drugs (Berg et al., 2006; Kerling et al., 2009).

t was recently suggested that there are two distinct
ypes of seizure relapse; early recurrences (within

to 12 months) implicating a failure to define and
esect the epileptogenic zone, and late recurrences
hat may arise after years, possibly reflecting the per-
istence or re-emergence of epileptogenic pathology
Najm et al., 2013; Goellner et al., 2013). Inherently, fac-
ors that have been associated with early recurrences
ncluded the need for invasive recordings, bilateral

RI abnormalities, and postoperative interictal EEG
bnormalities (Jeha et al., 2006; Jehi et al., 2010; Najm
t al., 2013). Focal cortical dysplasia (FCD) type 1 and
he absence of a clear pathological substrate in the
esected tissue have been suggested to predict late
ecurrences (Jeha et al., 2006; Najm et al., 2013). Further-
ore, it was reported that early recurrences are more

ikely to be AED-resistant compared to late relapses
Jeha et al., 2007; Jehi et al., 2010; Najm et al., 2013;
oellner et al., 2013).
e hypothesize that the time to postoperative seizure

elapse is, to a large extent, also influenced by the tim-
ng of AED withdrawal, a factor that has, until now, not
ystematically been accounted for in the above stud-
06

es. The suggestion put forward by Najm et al., that
iming of recurrence is largely determined by disease-
nd surgery-specific factors (Najm et al., 2013), inspired
s to investigate whether timing of AED withdrawal

nfluences time to relapse, based on the data from the
ecently reported “TimeToStop” cohort (Boshuisen

A

S

U
u

t al., 2012). From this cohort of seizure-free chil-
ren in whom AED withdrawal was initiated following
pilepsy surgery, we identified those who relapsed
uring or after withdrawal and investigated the timing
f recurrence, not only with regards to the predictors
uggested by Najm et al., (2013), but also with regards to
he timing of AED withdrawal. This correlation has not
een previously reported. Furthermore, we analysed
hether time to relapse was associated with treatabil-

ty of seizure recurrence.

ethods

e used the database of the TimeToStop study, a
etrospective European multicentre cohort study that
nvestigated how timing of AED withdrawal after
pilepsy surgery related to seizure recurrence and
ventual seizure freedom in a selected cohort of 766
hildren who started AED withdrawal after having
eached postoperative seizure freedom. In this study,
ime to relapse had not yet been evaluated in relation
o possible predictors (Boshuisen et al., 2012).
or the specific purpose of the present study, we
elected all patients with seizure recurrence during
r after AED reduction (n=95). We investigated how

he time of occurrence of the first relapse was related
o: 1) the timing intervals from surgery to start and
ompletion of AED withdrawal; 2) other determinants
f postoperative seizure recurrence (Boshuisen et
l., 2012); and 3) previously suggested predictors of
ime to relapse (Najm et al., 2013) (table 1). Further-

ore, the time to relapse was related to its treatability,
efined as regaining seizure freedom after restarting
r change of medication. Definitions and classifica-

ions of the possibly predictive factors analysed here
e.g. type of surgery, aetiology, and completeness
f resection) were identical to those described in

he previous TimeToStop study. We defined “time to
tart of AED reduction” (TTR) as the interval from
urgery to the first dose reduction of drugs, and
time to discontinuation of AEDs” (TTD) as the inter-
al between surgery and complete cessation of drugs.
ere, we defined “time at increased risk” as the

nterval between start of AED reduction and seizure
elapse. To assess whether a reduction of drugs car-
ied a relapse risk similar to that of complete AED
iscontinuation, we compared characteristics of chil-
ren who relapsed during reduction with those who
Epileptic Disord, Vol. 16, No. 3, September 2014

EDs.

tatistical analysis

ni- and multivariable linear regression analysis was
sed 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% CI) 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)

R eizur
t ortic
t ssatio
* re hig

p
<
r
b
i
w
h
�
a

R

C: regression coefficient, indicating the change in interval to s
he predictor; CI: confidence interval; MCD: malformations of c
o start of reduction of AEDs; TTD: mean interval to complete ce
Separate models were used for TTR and TTD because these we

ossible determinants. Determinants with p values
0.1 were used in a multivariable model. Logistic
pileptic Disord, Vol. 16, No. 3, September 2014

egression was used to study how time intervals
etween surgery and relapse related to treatabil-

ty. To identify possible differences between children
ho relapsed during reduction with those who only
ad a recurrence after complete cessation of AEDs,
2 tests and independent t-tests were used where
ppropriate.

T

T
w
w
2
s

e recurrence (in months) with every unit or category change in
al development; HS: hippocampal sclerosis; TTR: mean interval
n of AEDs.
hly correlated.

esults
307

iming of recurrences

he median time from surgery to seizure recurrence
as 25.3 months; 14% of the 95 patients had a relapse
ithin 6 months, 24% within 12 months, and 48% within

4 months, cumulatively (figure 1). Median interval to
tart of reduction of AEDs (TTR) was 11.9±12.3 months.
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igure 1. Interval between surgery and relapse.
ntervals from surgery to seizure recurrences in months, for all i

he median “time at increased risk”, defined as the
nterval from the beginning of AED reduction to recur-
ence, was 8.7 months, with 44% of relapses occurring
ithin 6 months after the start of withdrawal, 56%
ithin 12 months, and 81% within 24 months. Median
08

nterval to complete discontinuation of AEDs (TTD)
n children who achieved complete AED discontinu-
tion (n=36) was 21.2±12.5 months. In this subgroup,
he median interval after complete discontinuation of
EDs until seizures recurred was 10.8 months, with
6% of children relapsing within 6 months, 51% within
2 months, and 70% within 24 months after complete

D

W
m
a
r
s

0

nths

80 100 120

ed patients (n=95).

ithdrawal. As illustrated in figure 1, we found no spe-
ific dichotomy with regards to the time to relapse in
his cohort. Recurrences occurred both early and late
fter surgery, with a wide range of intervals.
Epileptic Disord, Vol. 16, No. 3, September 2014

eterminants of the time to relapse

e first analysed how the previously identified deter-
inants of seizure recurrences (Boshuisen et al., 2012),

nd of timing of seizure relapse (Najm et al., 2013),
elated to time to relapse. Using univariable analy-
is, incomplete resection of the epileptogenic zone
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ignificantly correlated with a shorter time to relapse,
nd hemispherectomy tended to be associated with
horter intervals to recurrence. The two factors that
ere related to a longer time to relapse were a longer

nterval to start of medication withdrawal (TTR) and
ater complete discontinuation of medication (TTD).
sing multivariable analysis, the only determinant that

emained significantly associated with a longer time to
elapse was a longer interval to start of AED reduction
table 1). When children who relapsed after initiation
f AED reduction were compared with those who had
recurrence only after AEDs had completely been

iscontinued, no significant differences in epilepsy-
r surgery-related outcome predictors were identified

data not shown).

reatability of recurrences

ime to relapse was not related to the chance of regain-
ng seizure freedom after reinstallation of medical
reatment (OR: 1.00; 95% CI: 0.98-1.02; p=0.83). The time
orresponding to being at “increased risk”, after initi-
tion or completion of AED withdrawal, until seizures
ecurred, was not related to treatability of seizure
ecurrences (OR: 1.01; 95% CI: 0.98-1.04; p=0.65 and OR:
.02; 95% CI: 0.98-1.06; p=0.41, respectively).

iscussion

n 95 children with a postoperative seizure recurrence
mong a retrospective European cohort of 766 chil-
ren who had started AED withdrawal after epilepsy
urgery (Boshuisen et al., 2012), timing of AED with-
rawal was the only independent predictor of the time

o relapse. Timing of seizure recurrence was not associ-
ted with subsequent medication intractability. These
ndings add to our understanding of the relation-
hip between postoperative drug policies and seizure
utcome. Having previously established that earlier
ithdrawal does not affect eventual seizure outcome

Boshuisen et al., 2012), we now demonstrate that tim-
ng of AED withdrawal is closely related to the timing
f relapse, providing further evidence that early with-
rawal uncovers sooner whether or not surgery had

he intended curative effect.
ased on a series of previous studies that included chil-
ren and adults, Najm et al. (2013) recently proposed,

n a highly original review, that the timing of seizure
pileptic Disord, Vol. 16, No. 3, September 2014

elapse implicates a difference in underlying patho-
hysiological mechanisms. In their studies, factors that
ere associated with an inability to accurately define
r completely resect the epileptogenic zone predicted
arly recurrence, whereas late recurrences were sug-
ested to reflect ongoing epileptogenicity. In adults
ho underwent anterior temporal lobectomy, a high

a
a
T
a
s
t
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Time to relapse after epilepsy surgery

reoperative seizure frequency and generalised tonic-
lonic seizures, bilateral MRI abnormalities, spikes
n a six-month postoperative EEG, and the need for

nvasive EEG diagnostics significantly related to early
ecurrences (Jeha et al., 2006). After tailored temporal
esection in adults, early recurrence within six months
as a significant predictor of a non-contiguous, distant

ocus (Jehi et al., 2010). Furthermore, of the patients
ho relapsed after a temporal resection (Jehi et al.,

010; Goellner et al., 2013), as well as adults or chil-
ren who underwent a frontal resection (Jeha et al.,
007), those with early postoperative recurrences were
ore likely to become intractable to AED treatment

han those who had a late seizure relapse.
ased on the current retrospective study of chil-
ren who relapsed after surgery, a tendency toward
arlier recurrences tended to correlate with an inabil-

ty to accurately define or completely resect the
pileptogenic zone, however, we could not prove sta-
istical independence. In addition, we did not find

relationship between time to relapse and reac-
ion to subsequent treatment. Several explanations
an account for the different findings between those
eported in previous studies and those reported here.
irst, in earlier studies, timing of AED withdrawal was
ot systematically accounted for when relating dif-

erent variables with the time of first seizure relapse
Jeha et al., 2006; Jehi et al., 2010; Goellner et al., 2013),
hereas it was the only independent predictor in our

nalysis. Many of the previously suggested predictors
f timing of seizure recurrence (Najm et al., 2013) have
ecently been shown to also influence the decision to
tart AED reduction (Boshuisen et al., 2012), and may
herefore have confounded the alleged relationship
etween bilateral MRI abnormalities, EEG findings,

he need for invasive diagnostics, (lack of) specific
athology, and the timing of relapse and its treatabil-

ty. Nevertheless, if these clinical factors had indeed
elayed the decision to withdraw AEDs (Boshuisen et
l., 2012), it is even more striking that the Cleveland
tudy predicted earlier relapse (Jeha et al., 2006; Jehi
t al., 2010; Najm et al., 2013). This underlines the need
or multivariable analyses including all possible deter-

inants of time to relapse in future studies, including
rug withdrawal.
econd, in most studies referred to by Najm and co-
orkers (Jeha et al., 2006; Jehi et al., 2010; Najm et al.,

013), only adult patients were included. Underlying
athology, presurgical diagnostics, surgical strategies,
nd AED policies may have differed between adults
309

nd children.
hird, we acknowledge that the TimeToStop cohort is
selected sample of only seizure-free children who

tarted postoperative AED withdrawal, in contrast to
he total population of surgical cohorts previously
nvestigated (Jeha et al., 2006; Jeha et al., 2007; Jehi
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t al., 2010). Factors that determine time to relapse in
atients who continue drugs may differ from those
ho withdraw medication. Children with unprovoked
ostoperative seizure recurrences, while still on AEDs,
ere not included in the current analysis, and the influ-
nce of clinical factors that specifically predict early
elapse, as listed above, may thus have been difficult
o detect.
he strong association between timing of AED reduc-
ion and timing of seizure relapse in this study provides
urther evidence that AED withdrawal unmasks incom-
lete surgical success and that AEDs merely act

o symptomatically suppress seizures (Loscher and
chmidt, 2011). Based on the univariable analysis, we
ould confirm the previously proposed correlation
etween incomplete resection of the epileptogenic
one and shorter time to recurrence (Jehi et al., 2010;
ajm et al., 2013). Nevertheless, even after the pre-

umed complete resection of the epilepsy-causing
athology, patients may carry a risk of relapse following
ED withdrawal, since only part of a potentially larger
pileptogenic network may have been removed (Jehi
t al., 2010; Wiebe and Jette, 2012; Najm et al., 2013). Per-
aps de novo resistance of seizures after surgery partly
eflects the natural history of the primary underlying
pilepsy, which cannot always be cured by focussing
n a single target since most epilepsies develop

rom complex alterations resulting in an epileptic net-
ork in the brain (Bertram et al., 1998; Engel et al.,

013).

onclusion

or children in whom AED reduction is initiated follow-
ng epilepsy surgery, the time to relapse is influenced

ore by AED withdrawal policies than by disease- or
urgery-specific factors. Although our findings stem
rom a highly selected cohort, they suggest that
tudies into occurrence and timing of postoperative
eizure relapse need to take AED withdrawal policies
nto account. Previous suggestions of a relationship
etween time to recurrence and treatability could not
e confirmed. �

imeToStop study group

ustria: M. Feucht, G.Gröppel (Medical University
ienna). France: P. Kahane, L. Minotti (University
10

ospital Grenoble); A. Arzimanoglou, P. Ryvlin, E.
anagiotakaki, J. de Bellescize, K. Ostrowsky-Coste
University Hospitals of Lyon); E. Hirsch, M Valenti
University Hospital Strasbourg). Germany: T. Pol-
ter (Bethel Epilepsy Center, Bielefeld); R. Sassen, C.
oppe, S. Kuczaty, C. Elger (University Hospital, Bonn);

. Bast, S. Schubert (University Hospital Heidelberg); K.

9

G
D
e

J
L
l

trobl, T. Bast (Epilepsy Center Kork, Kehl-Kork). Italy:
. Barba, R. Guerrini, F. Giordano (Paediatric Hospital
. Meyer, University Hospital, Florence); S. Francione,
. Caputo (Claudio Munari Epilepsy Surgery Cen-

er Ospedale Niguarda Milan). The Netherlands: K.
oshuisen, K.P.J. Braun, C.S.P.M. Uiterwaal, O. van
ieuwenhuizen, F.S.S. Leijten, P.C van Rijen (University
edical Center Utrecht). Switzerland: M. Seeck (Neu-

ology clinics, University Hospital Geneva). Turkey:
. Yalnizoglu, G. Turanli, M. Topcu (Hacettepe Uni-

ersity Children’s Hospital, Department of Pediatric
eurology); C. Özkara, M Uzan (Cerrahpasa Univer-

ity Hospital Istanbul). United Kingdom: J.H. Cross,
. D’Argenzio, W. Harkness (UCL-Institute of Child
ealth, Great Ormond Street Hospital for Children
HS Foundation Trust, London).

cknowledgements and disclosures.
ees Braun and Kim Boshuisen received funding from the Dutch
pilepsy Fund (NEF 08-10). Travel expenses for the TimeToStop
tudy were funded by the Epoch Foundation. Dieter Schmidt
eceived hospitality and consulting fees from Eisai, Sun, UCB
nd Viropharma. Alexis Arzimanoglou received hospitality and
onsulting fees from Eisai, GSK, UCB and Viropharma.
e have no other conflicts of interest to disclose.

eferences

erg AT, Vickrey BG, Langfitt JT, et al. Reduction of AEDs
n postsurgical patients who attain remission. Epilepsia
006; 47: 64-71.

ertram EH, Zhang DX, Mangan P, Fountain N, Rempe D.
unctional anatomy of limbic epilepsy: a proposal for cen-
ral synchronization of a diffusely hyperexcitable network.
pilepsy Res 1998; 32: 194-205.

oshuisen K, Arzimanoglou A, Cross JH, et al. Timing of
ntiepileptic drug withdrawal and long-term seizure out-
ome after paediatric epilepsy surgery (TimeToStop): a retro-
pective observational study. Lancet Neurol 2012; 11: 784-91.

ulacio JC, Jehi L, Wong C, et al. Long-term seizure outcome
fter resective surgery in patients evaluated with intracranial
lectrodes. Epilepsia 2012; 53: 1722-30.

delvik A, Rydenhag B, Olsson I, et al. Long-term outcomes
f epilepsy surgery in Sweden: a national prospective and

ongitudinal study. Neurology 2013; 81: 1244-51.

ngel Jr. J, Thompson PM, Stern JM, Staba RJ, Bragin A, Mody I.
onnectomics and epilepsy. Curr Opin Neurol 2013; 26: 186-
4.
Epileptic Disord, Vol. 16, No. 3, September 2014

oellner E, Bianchin MM, Burneo JG, Parrent AG, Steven
A. Timing of early and late recurrence after temporal lobe
pilepsy surgery. Epilepsia 2013; 54: 1933-41.

eha LE, Najm I, Bingaman W, Dinner D, Widdess-Walsh P,
uders H. Surgical outcome and prognostic factors of frontal
obe epilepsy surgery. Brain 2007; 130(Pt 2): 574-84.



Journal Identification = EPD Article Identification = 0681 Date: September 15, 2014 Time: 10:24 am

E

J
a
e

J
e
y
N

K
H
s

L
a
m

L
m
E

Time to relapse after epilepsy surgery

eha LE, Najm IM, Bingaman WE, et al. Predictors of outcome
fter temporal lobectomy for the treatment of intractable
pilepsy. Neurology 2006; 66: 1938-40.

ehi LE, Silveira DC, Bingaman W, Najm I. Temporal lobe
pilepsy surgery failures: predictors of seizure recurrence,
ield of reevaluation, and outcome following reoperation. J
eurosurg 2010; 113: 1186-94.

erling F, Pauli E, Lorber B, Blumcke I, Buchfelder M, Stefan
. Drug withdrawal after successful epilepsy surgery: how

afe is it? Epilepsy Behav 2009; 15: 476-80.

adino LD, Hernández-Ronquillo L, Téllez-Zenteno JF. Man-
gement of antiepileptic drugs following epilepsy surgery: a
eta-analysis. Epilepsy Res 2014; 108: 765-74.

oscher W, Schmidt D. Modern antiepileptic drug develop-
ent has failed to deliver: ways out of the current dilemma.

pilepsia 2011; 52: 657-78.

TEST YOURSELF
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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?
Note:

McIntosh AM, Averill CA, Kalnins RM, et al. Long-
term seizure outcome and risk factors for recurrence
after extratemporal epilepsy surgery. Epilepsia 2012; 53:
970-8.
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