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ABSTRACT – Aims. Following the results of the multicentre European ret-
rospective “TimeToStop” cohort study, we initiated a randomised trial to
determine cognitive benefits of early postoperative antiepileptic drug with-
drawal. Unfortunately, the trial failed to recruit and was terminated, as
almost all parents preferred early drug withdrawal. The objectives of the
current survey were to obtain insight into current practices regarding drug
withdrawal after paediatric epilepsy surgery among epileptologists, and
better understand the reasons for difficulties in recruitment.
Methods. A survey was sent to three international epilepsy surgery net-
works, questioning drug withdrawal policies. Forty-seven (19%) surveys
were returned.
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Survey on postoperative AED withdrawal

Results. For polytherapy, withdrawal was started at a median of three and
six months by the TimeToStop collaborators and other paediatric epilep-
tologists, respectively. Withdrawal was completed at a median of 12 and 20
months, respectively. For monotherapy, tapering was initiated at five and
11 months in these two groups, and ended at a median of seven and 12
months, respectively. Most TimeToStop collaborators believed that it was
not justified to wait 12 months after surgery before reducing AEDs, regard-
less of the number of AEDs taken.
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Conclusion. Cur
quence of the re
recruitment in a
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n achieving seizure freedom following epilepsy
urgery, the ultimate proof of surgical success and
hus of “cure” is the complete discontinuation of
ntiepileptic drugs (AEDs). In children, AED with-
rawal favours, on average, improved psychomotor
peed and intelligence (Skirrow et al., 2011; Van
chooneveld et al., 2013; Boshuisen et al., 2015a). A mul-
icentre European retrospective cohort study strongly
uggested that the timing of postoperative AED with-
rawal does not influence eventual seizure outcomes

Boshuisen et al., 2012); although the risk of seizure
ecurrence was increased with earlier AED withdrawal,
here was no association with long-term freedom of
eizures or medication status at final follow-up vis-
ts. Early withdrawal therefore uncovers incomplete
urgical success sooner, while preventing overtreat-
ent for the large majority of children in whom

urgery has successfully removed the epileptogenic
one. To assess the potential cognitive benefits of
arly versus late withdrawal, we initiated the “Time-
oStop” randomised controlled trial (EudraCT number
011-005971-18) (Boshuisen et al., 2015b). We aimed
o compare cognitive functioning, intelligence, and
eizure outcome at 12 and 24 months after epilepsy
urgery between children who were randomised to
tart withdrawal at four months and those who started
ithdrawal at 12 months after surgery. Eight centres

n five countries agreed to participate. In November
015, recruitment was started in Utrecht, the Nether-
ands, and was in preparation in the other centres.

p to February 2017, 47 children were screened, of
hom 35 were not eligible (supplementary table 1).
f the 12 children who were eligible, their parents

eclined participation; 11 did not want to wait until 12
onths after surgery before withdrawing medication,
pileptic Disord, Vol. 20, No. 5, October 2018

nd the parents of one child considered withdrawal
t four months too early. None of the parents or
hildren agreed with participation based on randomi-
ation to determine the timing of postoperative AED
ithdrawal. After deliberation with the trial collabo-

ators, it was decided to terminate recruitment for
easons of non-feasibility.

a
s
l
P
c
s
o

AED policies in Europe have changed as a conse-
ective TimeToStop results, and this accounts for why

omised trial was not feasible.

lsive medication, discontinuation, epileptologist, chil-
y

o gain insight into current practices and better under-
tand the reasons for difficult recruitment in the
imeToStop trial, we aimed to describe AED with-
rawal policies among paediatric epileptologists using
short survey. The survey was based on the following
ypotheses:

current beliefs about safety and benefits of early
ostoperative AED withdrawal among treating physi-
ians justify premature discontinuation of the TTS trial
or feasibility issues;

partners of the original TTS study group and
uropean paediatric epileptologists tend to withdraw
edication sooner than others;
the previous retrospective TTS cohort study has

hanged decision-making regarding AED withdrawal.

ethods

survey was created focusing on paediatric neurol-
gists, but also enabling neurologists or physicians
ho treat both children and adults, to respond. The

ull survey can be found in Appendix 1 and con-
ains several items on the timing of postoperative
ED withdrawal in children who underwent antici-
ated curative epilepsy surgery, factors influencing

iming, and personal preferences of participants and
arents/children with epilepsy. The survey was widely
istributed among epilepsy surgery specialists col-

aborating in three broad networks: (1) the U-Task
European Task Force for Epilepsy Surgery in Children),
hich meets twice a year to discuss surgical cases

nd collaborative research projects; (2) the E-PILEPSY
onsortium, an EU-funded pilot reference network of
pilepsy surgery centres, aiming to improve access to,
375

nd outcome of, epilepsy surgery and harmonise (pre-)
urgical approaches across Europe; and (3) the mailing
ist of the International League Against Epilepsy (ILAE)
ediatric Epilepsy Surgery Task Force. The mailing lists
ontained paediatric and adult neurologists, neuro-
urgeons, and other staff involved, with considerable
verlap between the three lists.
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igure 1. The timing of antiepileptic drug (AED) withdrawal after
py, compared between the two cohorts of TTS collaborators an
ange (IQR), and the whiskers extend to 1.5*IQR. End: complete
aborators of the TimeToStop study on safety of early drug taperi
apering. A summary of the statistics is provided in table 1.

hen information on the timing of AED withdrawal
as given as a range, the average was used as

nput for the analysis. The values were non-normally
istributed, hence summary statistics are given as
edians and interquartile ranges (IQR), and a Mann-
hitney U test was used to test group differences.

esults were compared between respondents who
ollaborated in the retrospective TTS study or prospec-
ive TTS trial and all other participants, and between
uropean (TTS collaborators and non-collaborators)
nd non-European respondents.

esults

he survey was sent to 251 addresses; 47 (19%) sur-
eys were returned by 32 paediatric epileptologists and
5 specialists who treated both children and adults.
ine respondents had participated in the previous ret-
76

ospective TimeToStop study (Boshuisen et al., 2012)
r the prospective TimeToStop trial (Boshuisen et al.,
015b) described in the introduction. There were 38
dditional respondents, from Europe (22), Brazil (2),
ndia (2), Japan (5), Mexico (1), South Africa (1), Thai-
and (1), and the United States of America (4). The
umber of unique centres was 39 from 21 countries.

m
a
t
w
s
i
m

iatric epilepsy surgery in the case of polytherapy and monother-
er respondents. The boxes show the median and interquartile

ontinuation of last AED; start: start of AED withdrawal; TTS: col-
d/or the TimeToStop trial on the cognitive benefits of early drug

comparison of the postoperative timing of AED
ithdrawal between TTS collaborators and other

espondents is given in figure 1 and table 1. With
egards to both initiating and completely discontinu-
ng AEDs, this was earlier for TTS collaborators than
he other respondents. For children on polytherapy,
he median start of withdrawal was three months fol-
owing surgery for the TTS collaborators compared to
ix months for other respondents (U=258.5; p=0.02).
EDs were completely tapered off after a median of 12
onths compared to 20 months, respectively (U=246;

=0.002). For children on monotherapy at the time of
urgery, AEDs were reduced at a median of five months
ollowing surgery for the TTS collaborators compared
o 11 months for other respondents (U=222.5; p=0.08),
nd completely discontinued at seven months com-
ared to 12 months, respectively (U=243; p=0.01).
uropean respondents started and discontinued AEDs
arlier compared to non-Europeans in the case of
Epileptic Disord, Vol. 20, No. 5, October 2018

onotherapy (starting at a median of six vs. 12 months,
nd discontinuation at nine vs. 17 months, respec-
ively); for polytherapy, the two groups started AED
ithdrawal at a similar time (a median of five vs.

ix months, respectively), but there were differences
n the timing of complete discontinuation (16 vs. 24

onths, respectively).
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Table 1. Median time corresponding to initiation of AED withdrawal and complete discontinuation compared
between the three groups.

Start of AED
withdrawal

Complete
discontinuation
of last AED

Polytherapy

TTS 3 (1-4) 12 (9-12)

Other 6 (3-6) 20 (13-24)

Mann-Whitney U 258.5; p=0.02 246; p=0.002

TTS 5 (4-6) 7 (6-11)
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Mann-Whitney U

ll given values are medians (IQR) corresponding to months a
resented graphically in figure 1.

hree questions were asked regarding the safety and
ustification of starting withdrawal at either four or 12

onths after surgery; the responses are summarised
n figure 2. For polytherapy, all TTS collaborators
eemed initiation of AED withdrawal safe at four
onths, compared to 71% of other respondents. For
onotherapy, 67% of TTS collaborators deemed AED
ithdrawal safe at four months, compared to 47%
f other respondents. Only 33% of TTS collabora-

ors believed it was justified to wait until 12 months
fter paediatric epilepsy surgery, compared to 54% of
thers.
igure 3 illustrates how respondents judged the differ-
nt clinical factors that may influence AED withdrawal
iming. Overall, the decision to completely wean off

edication is taken more cautiously than the deci-
ion to start reduction of AEDs. The strongest reasons
or not completely discontinuing medication were
as outlined in figure 3): incomplete resection of the
pileptogenic zone (66% of respondents), incomplete
esection of the anatomical lesion (43%), preoperative

ultifocal MRI abnormalities (33%), and postoperative
pileptic EEG abnormalities (30%).
he combined strongest reasons to start AED with-
rawal later or not at all were: incomplete resection
f the epileptogenic zone (89%) or anatomical lesion

85%), postoperative EEG abnormalities (77%), mul-
ifocal MRI abnormalities (74%), neurocutaneous
etiology (63%), previous epilepsy surgery (60%), and
pileptic Disord, Vol. 20, No. 5, October 2018

epression as co-indication for AED treatment (60%).
aper duration ranged from 0.5 to 18 months per drug,
ith a median of 3.0 months (IQR: 2.5-9).
he median (IQR) taper duration for TTS collab-
rators and other paediatric epileptologists was
.5 months/drug (2.5-2.6) and 5.3 months/drug (3.0-
.8), respectively. Drugs with a longer taper period

r
t
p
l
s
d
n

11 (6-13) 12 (9-18)

p=0.08 243; p=0.01

aediatric epilepsy surgery (rounded to full months). Data are

or some of the respondents were phenobarbital
17/37 responses), benzodiazepines (14/37), and car-
amazepine (7/37) (supplementary table 2). Some
espondents reported side effects experienced by
atients as a reason for initiating withdrawal earlier,
specially when these were more prominent after suc-
essful epilepsy surgery.
ifteen physicians were treating both children and
dults, which allowed for a comparison of withdrawal
ractices. On average, physicians were more careful
egarding early withdrawal for their adult patients, and
tarted withdrawal later for both polytherapy (median
ime difference: two months; IQR: 0-5) and monother-
py (median time difference: two months; IQR: 0-9).
omplete discontinuation was also later in adult cases,
ith a median time difference of six months (IQR:

-24) and 12 months (IQR: 0-12) in the case of poly-
herapy and monotherapy, respectively. For adults,
0% deemed initiation of AED withdrawal safe at four
onths in the case of polytherapy and 14% in the

ase of monotherapy, compared to 53% and 46% for
hildren, respectively. Sixty percent stated that it was
ustified to wait for 12 months after adult epilepsy
urgery, compared to 47% in paediatric care.
f all the respondents, 32 (68%) indicated that they
ould advise mainly in favour of withdrawal, four

9%) were in favour of counselling towards conti-
uation of medication, and 11 (23%) indicated that
ounselling depends on case-specific factors. This is
377

eflected by the impression of parental preferences in
he respondents’ centres: 30/45 (67%) indicated that
arents would prefer early withdrawal and 5/45 (11%)

ate withdrawal. For 7/45 (16%), this depended on the
ituation, and for 3/45 (7%) of respondents, most chil-
ren and parents would prefer to reduce the dose but
ot completely discontinue all AEDs.
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igure 2. Responses to the three questions, compared between

he last question addressed whether results from the
revious retrospective TimeToStop study (Boshuisen
t al., 2012) influenced clinical practice. A total of 32/46
70%) indicated that this was the case; 88% of all TTS
pileptologists (one indicated that the results did not

nfluence his/her clinical practice), compared to 66% of
he other paediatric epileptologists. Most responded
tating that they now consider AED withdrawal earlier
s a result of this study. As one respondent put it: “no
ore waiting for the magic two years”.

iscussion

his study shows that European paediatric epilep-
78

ologists who participated in the TTS study started
apering off AEDs, on average, between three and five

onths (in the case of polytherapy or monotherapy,
espectively) after successful epilepsy surgery, which
s earlier than the median of 6-11 months for the
ther respondents. In addition, the vast majority of the
TS respondents were unable to justify waiting for 12

a
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Z
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60 80 100

sponses

ToStop (TTS) collaborators and all other respondents.

onths at this moment, and half of the other respon-
ents shared this opinion. In addition, the majority of
espondents indicated that the retrospective TTS study
nfluenced their clinical decision-making towards ear-
ier postoperative AED withdrawal. These results,
ogether with the experiences of the coordinating cen-
re of the planned TTS trial (UMC Utrecht), where all
arents of eligible patients refused randomisation, was

he rationale for prematurely stopping the trial without
aving included a single patient.
comparison of our data with previous surveys on

ostoperative medication policy is problematic for
everal reasons. The three surveys that were per-
ormed in 2007 (Berg et al., 2007), 2012 (Téllez-Zenteno
t al., 2012), and 2013 (Swisher and Sinha, 2013) were
Epileptic Disord, Vol. 20, No. 5, October 2018

ll performed in the US and Canada. Furthermore,
dult neurologists were only questioned in one sur-
ey (Berg et al., 2007), and the other two involved mixed
nswers from paediatric and adult neurologists (Téllez-
enteno et al., 2012; Swisher and Sinha, 2013). We have
hown that when an epileptologist treats both chil-
ren and adults, the timing of AED withdrawal is later
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igure 3. Factors influencing the decision to start reduction of A
nswers to the question: “In the presence of this factor, would yo

or adults, especially regarding the timing of complete
iscontinuation. This may be related to the potential
pileptic Disord, Vol. 20, No. 5, October 2018

onsequences regarding, for example, employment
nd driving. The median time to first reduction was 12.5
onths in the European TimeToStop study (Boshuisen

t al., 2012), which included 766 children who were
perated on between 2000 and 2008 (polytherapy and
onotherapy combined). Relative to this study, and

p
T
t
o
i
l

0% 0%

and complete discontinuation of AEDs. The data are based on
uce or discontinue) AEDs (a) as usual, (b) later, or (c) not at all?”.

n line with our own experience, the current results
how a marked shift to earlier AED withdrawal after
379

aediatric epilepsy surgery.
his survey illustrates current practices, however,
here are several limitations. First, the total number
f responses is low making strong generalizations

nvalid. However, the response rate of 19% is mis-
eadingly low because it was not possible to provide
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n informative response rate in this study; the email
ists that were used as a basis for the survey also
ontained those of neurosurgeons and other experts
ho may not have been directly involved in decisions

egarding medication. Also, several adult neurologists
eceived the survey and may have ignored it because
t focused on a paediatric population. Since the sur-
ey was directed at the caring physician and not at
he patient, we have no direct information on the
references of the patient. As for the average timing
f postoperative AED withdrawal, the indicated num-
ers are only averages across both low- and high-risk
ases. Many respondents indicated a range for the
iming, for example, starting AED withdrawal in the
ase of polytherapy 3-12 months after surgery. In this
ase, for the ideal candidate, AEDs would undoubt-
dly be tapered off at three months. However, in this
tudy, the mean of the range, i.e. 7.5 months, would
ave been considered for analysis, which might influ-
nce the average. Nevertheless, we can conclude that
he median time for starting AED withdrawal is well
elow 12 months after anticipated successful epilepsy
urgery for the majority of European paediatric epilep-
ologists. Conclusions regarding specialists outside
urope cannot be made because of the significant het-
rogeneity between countries. We can only speculate
n the reasons for a more conservative AED policy out-
ide Europe. If the fear of poor seizure outcome after
arly withdrawal persists among paediatric epileptol-
gists, future comparative studies might be designed

o address the safety of early withdrawal in spe-
ific populations, particularly children with higher-risk
rofiles. �

upplementary data.
ummary didactic slides and supplementary tables are available
n the www.epilepticdisorders.com website.
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TEST YOURSELF
EDUCATION

(1) Should one wait for 12 months after paediatric epilepsy surgery before starting AED withdrawal (for both
mono- and polytherapy)?

(2) Is it safe to start postoperative antiepileptic drug withdrawal at four months for children?

rative timing of antiepileptic drug withdrawal?

all questions. Correct answers may be accessed on the
ion “The EpiCentre”.

Utrecht, May 2

endix 1

9, 2017

 a specialist in epilepsy surgery. Within different
uld like to gather information on current 
tic drug withdrawal, particularly in children. 

pression that medication policies have changed 
ttitudes more often urge us to start drug 
ondered how professionals’ attitudes have 

the time to complete this four page 
it and return a scanned version with your 
ntre will be dealt with confidentially, information 
e results.

te Herm Lamberink, h.j.lamberink@umcutrecht.nl
(3) What are the current practices regarding postope

Note: Reading the manuscript provides an answer to
website, www.epilepticdisorders.com, under the sect

App

Dear colleague,

You have received this survey because you are
international epilepsy surgery networks we wo
practices regarding postoperative antiepilep

We conduct this survey because we have the im
over the past years. We noticed that parental a
withdrawal in children early after surgery, and w
changed.

We value your insights and hope you will take 
questionnaire. Either fill it in digitally, or print 
response. Personal details such as name and ce
on the country will be used in publication of th

The survey can be returned to our PhD candida

Thanks for your efforts,
pileptic Disord, Vol. 20, No. 5, October 2018 381

With warm regards,

Kees Braun

Professor of Child Neurology | University Medical Center Utrecht | Brain Center Rudolf Magnus 
Room KC.03.063.0 | PO Box 85090 | 3508 AB Utrecht, the Netherlands
T +31 (0)88 75 54341 | F +31 (0)88 75 55350 | www.umcutrechthersencentrum.nl
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H

icy after paediatric epilepsy surgery

ipated curative epilepsy surgery, at what time 
l, in case of
hs after surgery
hs after surgery

surgery; please answer the same question for adult 

D withdrawal, in case of
hs after surgery
hs after surgery

ipated curative epilepsy surgery, at what time 
ue the last AED, in case of
hs after surgery
hs after surgery

surgery; please answer the same question for adult 

tely discontinue the last AED, in case of
hs after surgery
hs after surgery

al 4 months after epilepsy surgery is safe, in case 
.J. Lamberink, et al.

Survey on antiepileptic drug withdrawal pol

Name …
Centre …
Country …

1. For children seizure-free after antic
interval would you start AED withdrawa
a) Polytherapy? ……. mont
b) Monotherapy? ……. mont

If you are also involved in adult epilepsy 
patients:
At what time interval would you start AE
c) Polytherapy? ……. mont
d) Monotherapy? ……. mont

2. For children seizure-free after antic
interval would you completely discontin
a) Polytherapy? ……. mont
b) Monotherapy? ……. mont

If you are also involved in adult epilepsy 
patients:
At what time interval would you comple
c) Polytherapy? ……. mont
d) Monotherapy? ……. mont

3. Do you think starting AED withdraw
of
a) Polytherapy? Yes/no
b) Monotherapy? Yes/no
82 Epileptic Disord, Vol. 20, No. 5, October 2018

If you are also involved in adult epilepsy surgery; please answer the same question for adult 
patients:
Do you think starting AED withdrawal 4 months after epilepsy surgery is safe, in case of
a) Polytherapy? Yes/no
b) Monotherapy? Yes/no
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 after paediatric epilepsy surgery

ing of AED withdrawal per individual drug (from 
tion): 

rgery; please answer the same question for adult 

awal for 12 months or more after surgery is 

rgery; please answer the same question for adult 

u are more careful to start withdrawal? Would 
per over a longer period, or not withdraw them 

st reflects your action with the drug. Multiple 

start 
tion

Longer taper 
period

No complete 
discontinuation
Survey on antiepileptic drug withdrawal policy

4. What is the average duration of taper
start of reduction to complete discontinua
…… months

If you are also involved in adult epilepsy su
patients:
…… months

5. Do you think waiting with AED withdr
justified in children?
Yes/no

If you are also involved in adult epilepsy su
patients:
Yes/no

6. Are there specific drugs with which yo
you start reduction of these drugs later, ta
at all? Please list them in the table below.

Check the box which mo
answers are possible.

Drug name No reduction 
at all

Later 
reduc
pileptic Disord, Vol. 20, No. 5, October 2018 383

Please turn to the next page.
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H

licy after paediatric epilepsy surgery 

etely discontinue AEDs in children influenced by 

in the ‘Reduction’ section, and one of the boxes in 
hether you would reduce AEDs as usual, later or 
ntinue AEDs as usual, later or not at all.

but drugs are never completely discontinued):

uction Discontinuation
sual Later No As usual Later No

□ □ □ □ x

uction Discontinuation
sual Later No As usual Later No

□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
□ □ □ □ □
.J. Lamberink, et al.

Survey on antiepileptic drug withdrawal po

7. Is your decision to reduce or compl
the following items?
For every item, check one of the boxes 
the ‘Discontinuation’ section. Indicate w
not at all, and whether you would disco

Example (reduction is advised as usual, 

Actual question (in children):

Factor Red
As u

Example factor influencing drug policy x

Factor Red
As u

Higher age at withdrawal □
Longer duration of epilepsy before surgery □
Multifocal MRI □
Normal MRI □
Postoperative epileptic EEG abnormalities □
Temporal lobe surgery □
Extratemporal lobe surgery □
Hemispherectomy □
Multilobar surgery □
Aetiology □

Tumour □
Malformation of cortical development □
Mesiotemporal sclerosis □
Vascular lesion □
Rasmussen encephalitis □
Neurocutaneous syndrome □
Other □

Incomplete resection of anatomic lesion □
Incomplete resection of epileptogenic lesion □
Previous epilepsy surgery □
Higher number of AEDs before surgery □
AEDs are also used as □
84 Epileptic Disord, Vol. 20, No. 5, October 2018

Please turn to the next page.

antidepressant/psychotropic
AEDs are also used in treatment of migraine □ □ □ □ □ □
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y after paediatric epilepsy surgery

ren in favour of AED withdrawal (cognitive 
isk of relapse and not regaining seizure-

rgery; please answer the same question for adult 

 of AED withdrawal (cognitive advantages) or 
d not regaining seizure-freedom)?

perience on patient/parents’ preferences?

rgery; please answer the same question for adult 

nce on patient/parents’ preferences?

een influenced by the retrospective TimeToStop 
-91)?
Survey on antiepileptic drug withdrawal polic

8. Do you tend to counsel parents/child
advantages) or against AED withdrawal (r
freedom)?
……
……

If you are also involved in adult epilepsy su
patients:
Do you tend to counsel patients in favour
against AED withdrawal (risk of relapse an

9. In your clinic, what is your general ex
……
……

If you are also involved in adult epilepsy su
patients:
In your clinic, what is your general experie
……
……

10. Have your AED withdrawal policies b
study results (Lancet Neurol 2012; 11: 784
Yes/ No
If so, how? ….

Do you have any additional comments?
pileptic Disord, Vol. 20, No. 5, October 2018 385

Thank you for filling out this survey. You can return a digital version to our PhD candidate Herm 
Lamberink, h.j.lamberink@umcutrecht.nl
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