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SUMMARY

Objective: Over the past decades, the number of epilepsy surgeries in children has

increased and indications for surgery have broadened. We studied the changes in

patient characteristics between 1990 and 2011 in a nationwide cohort and related

these to seizure outcome and postoperative medication status. Second, we tried to

identify predictors for seizure outcome after pediatric epilepsy surgery.

Methods: To study changes over time, we divided this retrospective cohort of 234 chil-

dren into two consecutive time periods of 11 years, and statistically compared the

epochs in terms of patient characteristics, surgical variables, complications, seizure

outcome, and postoperativemedication status. To identify predictors of postoperative

seizure freedom,we performed univariable andmultivariable logistic regression analy-

ses.

Results: The number of surgeries per year increased from an average of 5 in the first,

to 16 in the past epoch. Over time, significantly more surgeries were performed for

malformations of cortical development, and more patients underwent magnetoen-

cephalography (MEG) and invasive monitoring. Four percent of patients had a serious

complication. Complete seizure freedom (Engel class IA) at 2 years after surgery was

achieved in 74% of patients, which did not change significantly over time. The propor-

tion of patients whowere free from seizures and antiepileptic medication 2 years after

surgery significantly increased from 13% to 32%. Factors predictive of seizure recur-

rence were preoperative intracranial monitoring, multilobar surgery, etiology, and

longer duration of epilepsy before surgery.

Significance: Although more complex cases were operated over time and medication

was withdrawn earlier after surgery, success rates at 2 years remained stable. In com-

bination with low complication rates, this underscores the efficacy and safety of pediat-

ric epilepsy surgery. It is important to consider epilepsy surgery early, as longer

duration of epilepsy increased the risk of postoperative seizure recurrence.
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Epilepsy surgery has become a widely accepted treatment
option for children with refractory epilepsy caused by a
focal or hemispheric structural epileptogenic source.
Between 59% and 70% of children become seizure-free
after resective surgery.1 The ultimate goal of surgery is to
“cure” the epilepsy, which can be defined as reaching
complete freedom from both seizures and antiepileptic
drugs (AEDs) for at least 5 years.2

Over the past three decades, the approach to pediatric epi-
lepsy surgery has changed dramatically. Improved imaging
techniques with higher field strengths,3 specific magnetic
resonance imaging (MRI) protocols, and imaging postpro-
cessing in apparent MRI-negative patients have enabled the
identification of patients previously not considered eligible
for epilepsy surgery.4 Other factors that have led to
increased numbers of surgeries in children are advances in
functional imaging (positron emission tomography/single-
photon emission computed tomography [PET/SPECT]),
improved source localization techniques, and intracranial
monitoring (grid, stereo–electroencephalography [EEG]).4

The past ten years, attitudes toward surgery have changed
even more, with the notion that surgery can also be
performed in generalized epileptic syndromes when focal or
hemispheric MRI abnormalities are present,5–7 and the
increasing awareness that early surgery (and thus shorter
duration of epilepsy) leads to improved seizure and cogni-
tive outcomes.8,9

Different studies have shown that the number of patients
considered for epilepsy surgery has increased over the
years,10,11 but the number of surgeries has remained sta-
ble.11,12 In children, however, the number of surgeries has
increased with time.11,13 Few studies have focused on trends
in individual patient characteristics, and the studies that
have done so were either in a specific population of patients
who underwent temporal lobe epilepsy surgery,14 or were
single-center studies and therefore carried the risk of pre-
senting selected populations.10,13 In only one study was
pediatric epilepsy surgery addressed specifically,13 whereas
the others described populations including all ages.10,14

Since 1990, children who are considered candidates for
epilepsy surgery in The Netherlands are evaluated during
the national multidisciplinary meetings of the Dutch Collab-
orative Epilepsy Surgery Program (DCESP). When consen-
sus to perform surgery is reached, all children undergo
surgery in the University Medical Center Utrecht (UMCU).
The number of surgeries has increased rapidly over the past
years. Because pediatric epilepsy surgery in our country has
been performed in only a single center, this has created the
unique opportunity to study characteristics and outcomes of
a nationwide patient population over time. The current study
provides an overview of pediatric epilepsy surgery in The
Netherlands from 1990 to 2011.

Under the assumption that the rising numbers of pediatric
epilepsy surgical procedures are paralleled by an increase in
complexity of selected cases, we first aimed to explore how

patient characteristics, surgical variables, and complication
rates changed over two consecutive periods from 1990–
2011. Second, we compared seizure outcome and medica-
tion status 2 years after surgery between these epochs.
Finally, we identified predictive factors of seizure outcome
in the entire surgical cohort.

Methods
Patients

This is a retrospective study of all children (aged
<18 years) who underwent epilepsy surgery in UMCU and
who had at least 2 years of follow-up. Patients were
included if they underwent resective or disconnective sur-
gery between January 1, 1990 and October 1, 2011.
Excluded were patients who underwent palliative proce-
dures (e.g., corpus callosotomy, n = 16). For patients who
were subject to a second surgical procedure >2 years later,
only the first surgery was evaluated in the current analysis.
In total, 234 patients were included.

Data collection
Data were retrieved from the database of the DCESP and

complemented with information from patient records when
necessary. Part of this cohort has been included in a previ-
ous publication on surgical outcome.15 The DCESP receives
referrals from all over the country. All results of diagnostic
evaluation, partly performed in the referring center, are dis-
cussed in the monthly national multidisciplinary meetings,
where it is decided whether additional investigations are
necessary, and if the patient is eligible for surgery. Over the
years, a total of three specialized epilepsy neurosurgeons
performed all surgeries.

We collected data on gender, age at onset of epilepsy, age
at surgery—including the proportion of children below the
age of 2 years—duration of epilepsy, presence of specific
electroclinical syndromes reflecting epileptic encephalopa-
thy, presurgical evaluations, side and type of surgery, etiol-
ogy of epilepsy, and number and type of complications.
Seizure outcome was evaluated after 2 years, and expressed
as the proportion of patients with Engel class IA (i.e., being
completely seizure-free since surgery).16 Furthermore, we
collected data on antiepileptic drug (AED) use 2 years after
surgery. Invasive monitoring included grids, depth elec-
trodes, stereo-EEG recordings or a combination. Type of
surgery was classified as “lobar,” including frontal, tempo-
ral, parietal, and occipital resections or disconnections,
“multilobar” resections or disconnections, and peri-insular
hemispherectomy, from now “hemispherectomy.” Electro-
clinical syndromes suggesting epileptic encephalopathy
were defined according to the 2010 International League
Against Epilepsy (ILAE) classification,17 including Ohtaha-
ra, West, Lennox-Gastaut syndromes, and electrical status
epilepticus during sleep/continuous spikes and waves during
sleep (ESES/CSWS). Etiology was classified according to
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histopathologic investigation (when available) or MRI. We
distinguished “malformations of cortical development”
(MCDs) (focal cortical dysplasia, hemimegalencephaly, and
polymicrogyria), “tumors” (glioneuronal tumors and low-
grade gliomas), “hippocampal sclerosis,” “vascular pathol-
ogy” (ischemic and hemorrhagic stroke, arteriovenous mal-
formations), “neurocutaneous disorders” (Sturge-Weber
syndrome and tuberous sclerosis complex), and “other”
(including Rasmussen’s encephalitis and unclassifiable
pathology).

Complications were classified as either “serious” or
“mild and reversible.” Serious complications included peri-
operative death, complications that required invasive treat-
ment, and unforeseen neurologic deficits that persisted for
longer than 3 months. Hydrocephalus was reported when
occurring at any moment postoperatively (not restricted to
the first 3 months) and classified as a serious complication.
Mild and reversible complications were classified into four
subcategories: (1) surgery-related infections, divided into
proven infections (with positive cultures), and suspected
infections (but no culture performed) or aseptic inflamma-
tory reactions (negative cultures); (2) non–surgery-related
infections such as urinary tract, and upper or lower respira-
tory tract infections; (3) electrolyte changes for which inter-
vention was started; and (4) transient neurologic deficits
that were not anticipated. Foreseen neurologic deficits (i.e.,
homonymous hemianopia after hemispherectomy) were not
considered as true complications.

Study design and statistical analysis
To study changes over time with regard to preoperative,

perioperative, and postoperative variables, the cohort was
divided into two epochs of 11 years: children who under-
went surgery between 1990 and 2000 (n = 56), and between
2001 and 2011 (n = 178). The proportions of categorical
variables were compared between the two epochs using v2-
statistic, where necessary computed with Fisher’s exact test-
ing. For continuous variables, means were compared using
a Student’s t-test or, when data were not normally distrib-
uted, Mann-WhitneyU-test.

To identify predictors of seizure freedom, first univari-
able logistic regression was performed for all variables
included in this study. Variables with a p-value less than
0.10 were then included in a multivariable model. The sepa-
rate lobar surgery locations were not included in the multi-
variable regression model because these are subgroups of
lobar surgeries already included in the model.

Analyses were performed using IBM SPSS Statistics for
Windows version 20.0, (IBMCorp. Armonk, NY, U.S.A.).

Results
Patient characteristics

Between 1990 and 2011, 690 children were referred to
the DCESP to discuss eligibility for epilepsy surgery

Table 1. Trends in time—general, presurgical, and

surgical variables

Variable

All years

(n = 234)

1990–2000
(n = 56)

2001–2011
(n = 178) p-Value

Evaluated patients in

DCESP per year,

mean (SD)

31.4 (19.6) 16.9 (8.9) 45.8 (16.3) <0.001

Surgeries per year,

mean (SD)a
10.6 (6.9) 5.1 (3.0) 16.2 (4.7) <0.001

Gender female, % 48.3 53.6 46.6 0.37

Age at seizure onset,

year, median

2.0 2.0 2.0 0.98

Age at surgery,

year, median

10.4 11.4 9.4 0.48

Age <2 years at

surgery, %

12.8 10.7 13.5 0.59

Duration of epilepsy

until surgery, year,

median

4.2 5.8 3.7 0.07

Left side, % 48.7 42.9 50.6 0.31

Electroclinical

syndrome,b%

8.6 3.6 10.1 0.17

West syndrome, % 6.0 1.8 7.3

Ohtahara

syndrome, %

1.7 1.8 1.7

ESES/CSWS, % 0.9 0 1.1

Lennox-Gastaut

syndrome, %

0.4 0 0.6

Additional diagnostics,c % 29.5 23.2 31.5 0.24

PET, % 17.3 14.5 18.2 0.53

MEG, % 12.9 3.6 15.8 0.02

SPECT, % 5.2 12.7 2.8 0.009

Intracranial

monitoring, %

9.4 1.8 11.8 0.03

Etiology 0.005

MCD, % 26.5 14.3 30.3 0.02

Tumor, % 34.6 37.5 33.7 0.60

Hippocampal

sclerosis, %

14.1 19.6 12.4 0.17

Vascular, % 12.4 7.1 14.0 0.17

Neurocutaneous, % 7.7 8.9 7.3 0.69

Other, % 4.7 12.5 2.2 0.005

Surgery type

Hemispherectomy, % 26.9 23.2 28.1 0.64

Multilobar, % 5.6 7.1 5.1

Lobar, % 67.5 69.6 66.9

Lobar surgery location

Temporal, % 70.9 74.4 69.7 0.46

Frontal, % 21.5 15.4 23.5

Parietal, % 5.1 5.1 5.0

Occipital, % 2.5 5.1 1.7

Changes over time compared between two epochs. Bold p-values depict a
statistically significant difference between the epochs. Analysis performed
with independent samples t-test, Mann-Whitney U test, chi-square or Fisher’s
exact test when appropriate.

aComputed with 234 patients included in this study.
bPercentage of patients with one of four categories below. One patient was

included with West syndrome and subsequent Lennox-Gastaut syndrome. An
additional 2% of patients had a history of West syndrome (not in table), which
resolved into focal seizures; these patients underwent surgery 3 to 12 years later.

cPercentage of patients who underwent one or more of the four diagnostic
tests below. One patient can be included in more than one of the categories.
DCESP, Dutch Collaborative Epilepsy Surgery Program; ESES, electrical status
epilepticus during sleep; CSWS, continuous spikes and waves during sleep;
PET, positron emission tomography; MEG, magnetoencephalography; SPECT,
single photon emission computed tomography; MCD, malformation of corti-
cal development.
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(Table 1). Of these, 234 were operated and fulfilled the
inclusion criteria. The proportion of evaluated patients
receiving surgery was 47% between 1990 and 2000, and
48% between 2000 and 2011 (p = 0.94). The number of sur-
geries increased by a factor of three over time; from an aver-
age of five surgeries per year in the first epoch, to an
average of 16 in the last (p < 0.001). The median duration
between epilepsy onset and surgery decreased with
2.1 years, from 5.8 years in the first epoch to 3.7 in the last,
although this difference was not statistically significant
(p = 0.07). Age, gender, and side of surgery did not differ
between the two epochs. The contribution of the different
etiologies changed significantly over time (p = 0.03), with
a relative increase of patients with malformation of cortical
development and a decrease in “other pathologies.” Nine
percent of children had a clearly described electroclinical
syndrome reflecting epileptic encephalopathy at time of sur-
gery. A threefold increase in the proportion of these patients
was seen over time, although not significantly.

Preoperative additional investigations
Supplementary to standard diagnostic examinations—

including EEG and MRI—30% of the patients needed addi-
tional diagnostic testing to further localize the epileptogenic
source (Table 1). These included magnetoencephalography
(MEG), PET, SPECT, or intracranial monitoring with sub-
dural grids, depth electrodes, stereo-EEG, or a combination.
MEG was used more frequently over time, from 4% to 16%
(p = 0.02), whereas the number of patients evaluated with
SPECT has decreased from 13% to 3% (p = 0.009). We
did, however, perform SPECT registrations in the latter
epoch and are using it more frequently in current practice,
but in the presented cohort patients evaluated by SPECT
have not been found eligible for surgery. The proportion of
invasive recordings increased significantly from 2% to 12%
of patients.

Surgical procedures
Twenty-seven percent of the surgeries were hemispherec-

tomies, 6% were multilobar resections, and 68% lobar
resections or disconnections (Table 1). Types of surgery did
not change over time. Of the lobar surgeries, 71% were tem-
poral. The number of frontal surgeries increased, although
not significantly.

Complications
Four percent of all patients had a serious complication

(Table 2). The proportion of serious and mild or revers-
ible complications remained stable over the years
(p = 1.00 and p = 0.71, respectively). From the patients
with a serious complication directly related to surgery,
only one (0.4%) developed a permanent hemiplegia as
result of an ischemic lesion after an insular resection.
Eight patients (3.5%) had to undergo invasive treatment
for several complications, including intracranial hema-

toma, increased intracranial pressure, cerebrospinal fluid
(CSF) leakage, and hydrocephalus. No deaths occurred as
a complication of surgery. Within the follow-up period,
two patients died: one of pulmonary failure during inten-
sive care treatment for refractory epilepsy 3 months after
surgery, and one at 6 months after surgery of unknown
cause.

Mild complications included mainly infections or sus-
pected infections (9.9%). From the group of surgery-related
possible infections, a positive CSF culture was identified in
only 0.4%. The remaining surgery-related presumed infec-
tions (4.3%) where treated with antibiotics even despite
negative cultures. The non–surgery-related infections
(4.7%) consisted of respiratory tract infections, urinary tract
infections and gastroenteritis. Two percent of the patients
had unforeseen neurologic deficits, which normalized
within the first 3 months after surgery, and 3.5% of the
patients received treatment for electrolyte disturbances after
surgery.

Surgical outcome
Seizure outcome remained stable over the two epochs

(p = 0.09), with 81% of the patients being free from dis-
abling seizures (Engel class I16) after 2 years, and 74% with
complete seizure freedom since surgery (Engel class IA)
(Table 3). Eight percent had rare disabling seizures (Engel
class II). In total, approximately 89% of the patients had a
clear benefit from surgery (Engel class I and II), 6% had
worthwhile improvement (Engel class III), and 6% did not
have any improvement (Engel class IV). The proportion of

Table 2. Trends in time—complications

Variable

All years

(n = 230)

1990–2000
(n = 55)

2001–2011
(n = 175)

p-

Value

Serious complications, % 3.9 3.6 4.0 1.00

Invasive treatment, % 3.5 3.6 3.3

Hydrocephalus, % 1.3 1.8 1.1

Permanent

neurologic deficit, %

0.4 0 0.6

Death, % 0 0 0

Mild and reversible

complications, %

14.8 16.4 14.3 0.71

Infections, surgery

related, %

4.7 5.4 4.6

Documented, % 0.4 1.8 0

Suspected/aseptic, % 4.3 3.6 4.6

Infections,

non–surgery-related, %
5.2 7.3 4.6

Transient neurologic

deficits, %a

1.7 1.8 1.7

Intervention for

electrolyte change, %

3.5 1.8 4.0

Complications compared between two epochs, divided between serious,
and mild and reversible complications. A patient could be included in more
than one category. Analysis was performed with chi-square or Fisher’s exact
test when appropriate.

aDefined as resolving within 3 months after surgery.
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patients for whomAEDs were completely withdrawn within
2 years after surgery has significantly increased, from
14% to 33% (p = 0.006). Of all patients who were off

antiepileptic drugs, 94% had been completely seizure-free
since surgery.

In patients with a follow-up of at least 5 years (n = 136,
median follow-up 8 years), the proportion of patients with
an Engel class I or IA score at latest follow-up was 75% and
65%, respectively (Table S1). The proportion of seizure-
and AED-free patients was 55%. No significant changes
over time were observed. The median follow-up duration of
patients operated during the first time epoch, however, was
significantly longer than of those from the second epoch
(p < 0.001). We examined possible relations between fol-
low-up duration and the three long-term outcome measures
using logistic regression. There was no significant relation
between follow-up duration in years and Engel class I (odds
ratio [OR] 0.98), Engel class IA (OR 1.00), or seizure and
AED freedom (OR 1.05), at latest follow-up (p = 0.76,
p = 0.97, or p = 0.39, respectively).

Predictors of outcome
We analyzed which factors were associated with com-

plete seizure freedom (Engel class IA) (Table 4). In multi-
variable analysis, multilobar surgery (OR 0.18, p = 0.02),
presurgical invasive monitoring (OR 0.28, p = 0.02), and

Table 3. Trends in time—surgical outcome

Variable

All years

(n = 234)

1990–2000
(n = 56)

2001–2011
(n = 178) p-Value

Completely seizure-

free (SF), 2 year, %

74.4 71.4 75.3 0.57

Engel classification,

2 year, %

Class I 81.2 78.6 82.0 0.09

Class II 7.7 5.4 8.4

Class III 5.6 12.5 3.4

Class IV 5.6 3.6 6.2

AED-free,

2 year, %

28.8 14.3 33.3 0.006

SF and AED-free,

2 year, %

27.0 12.5 31.6 0.005

Trends in time in seizure outcome and medication status at 2 years after sur-
gery. Bold p-values depict a statistically significant difference between the
epochs. Analysis was performed with v2 or Fisher’s exact test when appropriate.

SF, complete seizure freedom at 24 months (Engel class IA); AED, antiepi-
leptic drug.

Table 4. Determinants of seizure outcome

Variable SF, n = 174 SR, n = 60

Univariable regression Multivariable regression*

p-Value Odds ratio (95%CI) p-Value Odds ratio (95% CI)

Age at onset, year, median (range) 2.0 (0–17) 2.0 (0–14) 0.21 1.05 (0.97–1.15)
Age at onset <2 years, % 76.7 23.3 0.76 1.15 (0.47–2.84)
Age surgery, year, median (range) 9.3 (0–18) 11.4 (1–18) 0.61 0.98 (0.91–1.06)
Duration of epilepsy until surgery, year, median (range) 3.8 (0–17) 6.0 (0–16) 0.06 0.92 (0.85–1.00) 0.03 0.90 (0.82–0.99)
Surgery left-sided, % 75.4 24.6 0.71 1.12 (0.62–2.01)
Female, % 76.1 23.9 0.36 1.40 (0.68–2.89)
PET/SPECT/MEG, % 62.3 37.7 0.05 0.49 (0.23–1.01) 0.66 0.83 (0.37–1.89)
Intracranial monitoring, % 40.9 59.1 0.002 0.22 (0.08–0.58) 0.02 0.28 (0.09–0.83)
Electroclinical syndrome, % 65.0 35.0 0.32 0.61 (0.23–1.61)
Etiology 0.10 0.12

Tumor (ref. category), % 80.2 19.8

MCD, % 62.9 37.1 0.02 0.42 (0.20–0.89) 0.11 0.48 (0.20–1.17)
Hippocampal sclerosis, % 81.8 18.2 0.85 1.11 (0.39–3.13) 0.53 1.46 (0.45–4.77)
Vascular, % 75.9 24.1 0.62 0.77 (0.28–2.13) 0.33 0.55 (0.16–1.83)
Neurocutaneous, % 83.3 16.7 0.76 1.23 (0.32–4.77) 0.95 1.05 (0.23–4.74)
Other, % 54.5 45.5 0.07 0.30 (0.08–1.09) 0.02 0.18 (0.04–0.78)

Surgery type 0.01 0.05

Lobar (ref. category), % 74.7 25.3

Multilobar, % 38.5 61.5 0.01 0.21 (0.07–0.69) 0.02 0.21 (0.06–0.79)
Hemispherectomy, % 81.0 19.0 0.32 1.44 (0.70–2.97) 0.67 1.24 (0.46–3.38)

Location lobar surgery 0.14

Temporal (ref. category), % 79.5 20.5

Frontal, % 58.8 41.2 0.02 0.37 (0.16–0.84)
Parietal, % 75.0 25.0 0.76 0.78 (0.15–4.10)
Occipital, % 75.0 25.0 0.83 0.78 (0.08–7.80)

Predictors of seizure outcome, determinedwith univariable andmultivariable logistic regressionmodels. All variables with p < 0.10 were included in themultivar-
iable model, except for the lobar surgery location, since the complete category was already included in the multivariable model within “Surgery type.” Bold p-values
depict statistically significant results from logistic regression analysis. Analysis was performed using logistic regression analysis with SF as outcome measure. *Model
Chi-square < 0.001.

SF, complete seizure freedom at 24 months (Engel class IA); SR, seizure recurrence. PET, positron emission tomography; SPECT, single photon emission com-
puted tomography; MEG, magnetoencephalography; MCD, malformation of cortical development
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longer duration of epilepsy until surgery (OR 0.90 per year,
p = 0.03) were independently associated with unfavorable
seizure outcome (not reaching Engel class IA). Etiology
was also related with outcome, with “other etiology” (OR
0.18, p = 0.02) being an independent predictor of seizure
recurrence.

Discussion
In this Dutch pediatric epilepsy surgery cohort, operated

between 1990 and 2011, we studied patient and surgery
characteristics to identify changes over time. We found sev-
eral shifts in patient characteristics. The unselected and
nationwide nature of this cohort provides a unique opportu-
nity to study the evolving field of pediatric epilepsy surgery.
Over the past two decades, the number of evaluated children
for surgery and the number of surgeries increased signifi-
cantly, with more operations on MCDs, and an increased
proportion of preoperative MEG recordings and invasive
monitoring. The complication rate was low and stable over
time. Seizure outcomes at 2 years remained stable, with
90% of patients having achieved improvement in epilepsy
severity and 74% being completely seizure-free since sur-
gery. Over time, the interval to start of AED withdrawal
shortened, resulting in significantly increased AED freedom
at 2 years after surgery. Multilobar surgery, presurgical
invasive monitoring, etiology, and longer duration of epi-
lepsy independently predicted poor seizure outcome.

Patient characteristics
The relative increase in the number of patients with

MCD, presence of an electroclinical syndrome of epileptic
encephalopathy, and the increased proportion of patients
with preoperative invasive monitoring, reflect a shift toward
more complex cases. In a population of all ages, a similar
trend toward more complex cases was observed with less
resections on benign tumors and more on patients with focal
cortical dysplasia.10 In our cohort, the number of frontal sur-
geries increased, although not significantly.

With regard to etiology, postoperative seizure freedom
rates of children with malformations of cortical develop-
ment, particularly those with focal cortical dysplasia (FCD)
type I,18 are known to be lower than those of patients with
other pathologies. Chern et al.19 reported a seizure freedom
rate of 60% (range 46–70%) for patients with FCD, com-
pared to 71% (range 36–100%) for tumor patients.20 In the
current study, this lower seizure freedom rate for MCD
patients was also found, with 63% of the patients reaching
complete seizure freedom compared to success rates over
80% for tumor, hippocampal sclerosis, and vascular etiol-
ogy. The changes in resection type and identified etiologies
indicate a clear shift in the utilization of pediatric epilepsy
surgery. At the time when many pediatric epilepsy surgery
programs started, mainly children with well-circumscribed
focal, MRI-visible, and preferably temporal structural

lesions were considered eligible candidates for surgical
treatment. Over the years, indications for surgery have now
broadened, including children with frontal or posterior
quadrant epilepsies, generalized epileptic encephalopathies
with focal or hemispheric structural pathology,5–7 and MRI-
negative cases.3,4,10

The trends in the number of specific additional presurgi-
cal investigations support the hypothesis that more complex
cases are operated in the latest years: the increased use of
MEG and invasive monitoring are indicative of the need for
more precise localization of the epileptogenic source. In our
nationwide single-center experience, the availability of acute
corticography since 2000, of 3T MRI since 2004, and of
neuronavigation since 2003, improved diagnostic accuracy
and the ability to delineate the epileptogenic zone. Despite
the trend toward the selection of more complex cases, with
inherent lower a priori probability of reaching seizure con-
trol, seizure outcomes were shown to remain remarkably
constant over time, with around 75% of complete seizure
freedom at 2 years. This likely reflects the team’s learning
curve, experience, and access to diagnostic procedures.

AEDwithdrawal policy
AED freedom rates in our cohort increased from 14% to

33%, reflecting a more aggressive AED withdrawal policy,
which seems to be a more global phenomenon; in a survey
regarding AED withdrawal policy of 2007, 71% of U.S. epi-
leptologists would wait for at least 2 years of postoperative
seizure freedom before considering discontinuation of drugs,
and some of these would even never consider withdrawal of
AEDs.21 In 201222 and 2013,23 only 3–7% of U.S. and
Canadian epileptologists would wait to withdraw AEDs for
at least 2 years in patients receiving polytherapy and 24–
35% would wait 2 years for patients receiving monotherapy,
reflecting a shift in postoperative drug withdrawal policy.

The proportion of patients who are ultimately AED free
is different between children and adults, as shown in a
Swedish study on long-term postoperative outcomes:
10 years after surgery, 86% of the children had discontinued
AEDs, compared to 43% of adults.24 The timing of AED
withdrawal, however, seems to be similar in children and
adults: a meta-analysis including both adults and children
reported an average time between surgery and initiation of
AED withdrawal of 14 months, and the average time to
complete discontinuation of 30 months.25 The TimeToStop
study on 766 children revealed that in children the median
time to start reducing drugs was 12.5 months, and the med-
ian time to discontinuation was 28.8 months.26 In that
study, early AED withdrawal was thought to unmask surgi-
cal failure sooner, but not at the cost of long-term outcomes.
This was recently confirmed in a mainly adult cohort
study.27 The changes in survey responses point toward a
trend of earlier AED withdrawal, similar to what we
observed in the current study. In contrast to these findings, a
study from the pediatric UCLA cohort13 attributed an
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increased seizure freedom rate in recently operated children
to longer AED use after surgery, as compared to children
who underwent surgery in earlier time epochs.

Predictors of outcome
Longer duration of epilepsy, multilobar surgery, etiology,

and intracranial presurgical monitoring were found to be
independently associated with unfavorable seizure out-
come. Other known factors predicting seizure recurrence in
pediatric epilepsy surgery include extratemporal resections,
multifocal MRI lesions, incomplete resection of the lesion,
and the presence of presurgical generalized tonic–clonic
seizures.1

Intracranial monitoring has previously been reported to
predict unfavorable postoperative seizure outcome.28 The
predictive value of intracranial monitoring, however, may
highly depend on the population, since other studies have
reported no or an inverse relation between invasive monitor-
ing and seizure outcomes.29–31

Longer duration of epilepsy until surgery was associated
with unfavorable seizure outcome, confirming findings
from previous studies.20,24,32,33 In addition, it has been dem-
onstrated previously that longer duration of epilepsy has a
negative impact on cognitive change after surgery.1,34 We
may expect that the recent evidence on the beneficial cogni-
tive effects of early epilepsy surgery lead to a further
decrease in age at surgery in future pediatric cohorts.

Complications
The risk of serious surgical complications was 4%, with

only 0.4% resulting in permanent neurologic damage. The
frequency of mild complications was higher, but it should
be acknowledged that not all presumed surgical complica-
tions are true complications requiring therapy. In some chil-
dren, antibiotic treatment was started when infection was
suspected, but only in a minority was direct proof of infec-
tion by positive culture obtained. After pediatric hemispher-
ectomy, for example, fever, increased peripheral white
blood cell count, and CSF protein are frequently observed,
but this is rarely caused by intracranial infection.35 Changes
in serum sodium levels in some children led to treatment
(fluid restriction or sodium supplementation) without direct
proof of syndrome of inappropriate antidiuretic hormone
secretion (SIADH) or cerebral salt wasting; the electrolyte
disbalance may have also been caused by specific AEDs
(e.g., carbamazepine). If we do not take above-mentioned
“mild complications” into account, only 2.1% of the
patients had a mild surgery-related complication (docu-
mented infections and transient neurological deficits).

Several studies have used different criteria to report their
complication rates. A recent review on complications after
epilepsy surgery reported 5.7% minor and 4.5% major med-
ical complications, and 11.2%minor and 5.1%major neuro-
logic complications for children.36 The higher complication
rate in that study can be explained by the authors’ choice to

include anticipated neurologic deficits that are inherent to
surgery. Hemb et al.13 have reported serious and permanent
complications only, with a complication rate of 9.2%. The
difference in complication rate between their and our
cohort can be explained by the much higher percentage of
hemispherectomy patients in their cohort and the difference
in definition of complications that included long-term
deaths unrelated to surgery in the cohort of Hemb et al.,
whereas we chose not to consider those cases.

The 22 children who underwent invasive EEG monitor-
ing preoperatively did not have any complication related to
this procedure. Studies in larger cohorts have concluded that
invasive monitoring bears limited risks, and large bene-
fits,37,38 with a risk for major or permanent complications of
0.6%.36

Strengths and limitations
The current study distinguishes itself from previous stud-

ies because of its nationwide setup. The population included
all children who underwent epilepsy surgery in The Nether-
lands between 1990 and 2011, and therefore the observed
trends are truly reflective of changes in pediatric epilepsy
surgery in an unbiased cohort, although we acknowledge that
there will be differences between countries and continents.

The study also has several limitations. First, no data are
presented on changes in preoperative evaluations and diag-
nostics for children who were referred but eventually rejected
for epilepsy surgery. There was an increasing number of
patients referred to the DCESP, which reflects the increased
knowledge of the benefits of epilepsy surgery among physi-
cians taking care of children with refractory epilepsy.

Second, the follow-up period of 2 years after surgery is
relatively short. When our success rate is compared to other
cohorts, the proportion of completely seizure-free patients
of 74% 2 years after surgery is high, since the average post-
operative seizure freedom rate in children is reported to be
59–70%.1 However, seizure-freedom rates are known to
decline over the years39 and seem to remain stable after
5 years postoperatively.24 For 136 of our patients, follow-
up data after at least 5 years was available, revealing a rela-
tively high proportion of patients with Engel class IA
(65%), with no differences between the two epochs. How-
ever, a direct comparison of long-term outcome between the
two time periods is complicated by the inherent differences
in follow-up duration.

Conclusion
The outcome of pediatric epilepsy surgery in The Neth-

erlands has been stable over time with high success rates
and low complication rates. Although we found a shift
toward surgery in more complex patient categories (such
as MCDs), and a tendency toward more complex lesion
locations (such as frontal resections), seizure-freedom
rates remained steadily high, and the number of children
who reached both freedom from seizures and AEDs sig-
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nificantly increased over the years. Predictors indepen-
dently associated with unfavorable seizure outcome
were multilobar surgery, invasive monitoring, and longer
epilepsy duration. Unfavorable seizure outcomes with
longer duration of epilepsy underscore the fact that early
surgery should be the goal. The high seizure freedom and
low complication rates in this nationwide cohort reflect
the advantage of a centralized multidisciplinary assess-
ment of surgical candidates, and the performance of sur-
gery in highly specialized medical centers.
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Appendix 1

Dutch Collaborative Epilepsy
Surgery Program

Current and former*members:

UniversityMedical Center Utrecht
K.P.J. Braun, F.E. Jansen, K. Geleijns, O van Nieuwenhuizen* (pediat-

ric neurologists); F.S.S. Leijten, C.H. Ferrier, A.C. van Huffelen* (clinical
neurophysiologists); P.C. van Rijen, P. Gosselaar, C.W. van Veelen* (neu-
rosurgeons); G.A. de Kort (neuroradiologist); M.M. van Schooneveld, O.
Braams, M.J. van Zandvoort (neuropsychologists); W.T. Spliet (neuropa-
thologist); T.A. Gebbink (physician assistant); J.M. Ophorst-van Eck (spe-
cialized nurse); T. De Groot (secretary).

Epilepsy Centers of the Netherlands Foundation (SEIN)
R.M. Debets* (neurologist, adult epileptologist); D. Velis, S. Claus, M.

Bourez-Swart, A.W. deWeerd,W. van Emde Boas* (clinical neurophysiol-

ogists, epileptologists); W.C. Alpherts* (neuropsychologist); A. Hospes
(specialized nurse).

Epilepsy Center Kempenhaeghe
A.J. Colon, L. Wagner, H.W. ter Spill*, E.P. Veltman* (clinical neuro-

physiologists, epileptologists).

Free UniversityMedical Center Amsterdam
J.C. Baayen (neurosurgeon); C.J. Stam, H.E. Ronner (clinical neurophy-

siologists); E. Comans (nuclear radiologist); E. Sanchez (neuroradiologist).

Maastricht UniversityMedical Center
J. Dings (neurosurgeon); V. van Kranen-Mastenbroek (clinical neuro-

physiologist); P. Hofman (neuroradiologist).

Supporting Information
Additional Supporting Information may be found in the

online version of this article:
Table S1. Long-term follow-up.
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