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Abstract
Background Focal cortical dysplasia (FCD) is a specific mal-
formation of cortical development harboring intrinsic
epileptogenicity, and most of the patients develop drug-
resistant epilepsy in early childhood. The detrimental effects
of early and frequent seizures on cognitive function in chil-
dren are significant clinical issues. In this study, we evaluate
the effects of early surgical intervention of FCD on epilepsy
outcome and cognitive development.
Methods From 2006 to 2013, 30 children younger than
18 years old underwent resective surgery for FCDs at Taipei
Veterans General Hospital. The mean age at surgery was
10.0 years (range 1.7 to 17.6 years). There were 21 boys and
9 girls. In this retrospective clinical study, seizure outcome,
cognitive function, and quality of life were evaluated. To
evaluate the effects to outcomes on early interventions, the
patients were categorized into four groups according to age of

seizure onset, duration of seizure before surgery, and severity
of cognitive deficits.
Results Eleven of 22 (50 %) patients demonstrated develop-
mental delay preoperatively. The Engel seizure outcome
achievements were class I in 21 (70 %), class II in 2 (7 %),
class III in 6 (20 %), and class IV in 1 (3 %) patients. The
locations of FCDs resectedwere in the frontal lobe in 18 cases,
temporal lobe in 7, parietal lobe in 2, and in bilobes including
frontoparietal lobe in 2 and parieto-occipital lobes in 1. Eight
cases that had FCDs involved in the rolandic cortex presented
hemiparesis before surgical resection. Motor function in four
of them improved after operation. The histopathological types
of FCDs were type Ia in 1, type Ib in 7, type IIa in 7, type IIb in
12, and type III in 3 patients. FCDs were completely resected
in 20 patients. Eighteen (90 %) of them were seizure free
(p<0.001) with three patients that received more than one
surgery to accomplish complete resection. The patients who
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had early seizure onset, no significant cognitive function
deficit, and early surgical intervention with complete resection
in less than 2 years of seizure duration showed best outcomes
on seizure control, cognitive function, and quality of life.
Conclusion Delay in cognitive development and poor quality
of life is common in children treated for FCDs. Early surgical
intervention and complete resection of the lesion help for a
better seizure control, cognitive function development, and
quality of life. FCDs involved eloquent cortex may not pro-
hibit complete resection for better outcomes.

Keywords Cognitive function . Childhood epilepsy .

Epilepsy surgery outcome . Focal cortical dysplasia . Quality
of life

Introduction

Focal cortical dysplasia (FCD) is a spectrum of structurally
and functionally abnormal cortical dysplastic lesions capable
of intrinsic epileptogenesis. Successful resection and subse-
quent characterization of FCD were first described by Taylor
et al. in 1971 from pathological specimens of lobectomy
obtained in ten epileptic patients [1]. The classification of
FCD did not reach consensus until the task force of the
International League Against Epilepsy (ILAE) Diagnostic
Methods Commission proposed a unified one in 2011 [2].

Currently, little is known about the pathophysiological
basis of the epileptiform activity, but the influence of the
neuronal population and perilesional changes in the neuro-
chemical profile are considered to be major epileptogenic
mechanisms [3].

FCD is recognized by its histological attributes, which
include blurring of the gray-white matter junction, cortical
dyslamination, and/or the presence of abnormal balloon cells
in the cortical and subcortical regions. In most patients with
epilepsy, the disease became refractory to medical therapy [4,
5]. Therefore, surgical intervention is usually indicated, but
some previous studies have documented unsatisfactory epi-
lepsy surgery outcomes in this group of patients [6–10]. Due
to the enormous progression in neuroimaging and
multimodality emerging techniques, the FCD becomes more
visible to delineate in preoperative study, and therefore sur-
gery is once again increasing in recent decade [11–14].

The detrimental effect of frequent early seizures on the
cognitive potential of children and the concept of neuronal
plasticity are significant clinical issues too [15–21]. The aims
of the present study were to investigate the cognitive function,
epilepsy outcome, and quality of life of epilepsy surgery for
FCD in children and to determine predictive factors influenc-
ing cognitive development. In particular, evidence for postop-
erative catch-up of development and better quality of life

would provide a good rationale for earlier timing of surgical
intervention.

Material and methods

From 2006 to 2013, 30 children (<18 years old)
underwent resective epilepsy surgery with histopatholog-
ically confirmed diagnosis of FCD at the Taipei Veterans
General Hospital. Two cases of hemimegalencephaly and
two cases with tuberous sclerosis complex were excluded.
There were 9 female and 21 male patients whose mean
age at first resective surgery was 9.95 years (range, 1.7 to
17.6), age at seizure onset ranged from 1 month to 9 years
(mean, 3.2 years), and mean duration of epilepsy before
first resective surgery was 6.7 years (range, 0.1 to 17.2).
The mean duration of their follow-up was 21.5 months
(range, 4 to 97).

Presurgical evaluation included continuous scalp video-
EEG monitoring, high-resolution magnetic resonance imag-
ing (MRI), and functional imaging modalities including
(SPECT/PET and functional MRI) magnetoencephalography
(MEG) and neuropsychological assessment. The children in
this study had at least one follow-up at 4 to 12 months after
surgery, including neurological examination, EEG, MRI, and
neuropsychological assessment.

The parameters for the early MRI differed from those
of the more recent examinations, with better imaging
details on the more recent sequences. The available
results of PET were fused with 3D and 2D MRI of
the brain. Following implantation of subdural electrodes,
patients underwent computerized tomography scanning,
and the results of which were superimposed on MRI to
assess electrode location. Patients then underwent
extraoperative seizure monitoring and functional map-
ping performed using the implanted depth and subdural
electrode for 5 to 7 days. All patients’ preoperative data
were discussed in a multidisciplinary epilepsy surgery
conference.

For patients with involvement of the rolandic area, we
performed preoperative functional MRI for evaluation of the
motor unit reorganization and discussion of the risk of post-
operative deterioration. Intraoperative neurophysiological
monitoring (motor evoked potential and somatosensory
evoked potential) was used to confirm whether resection over
the rolandic cortex was acceptable or not.

Seizure outcome, neuropsychological assessment,
adaptability, and quality of life

The outcomes of seizures and neurological function were
obtained from patients’ charts and telephone interviews. We
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categorized seizure outcomes using Engel’s four-category
classification consisting of class I, free of disabling seizures;
class II, rare disabling seizures; class III, worthwhile improve-
ment; and class IV, no worthwhile improvement [22].

Cognitive development was assessed preoperatively and
postoperatively by a developmental neuropsychologist. We
used the Wechsler intelligence test for children who were
older than 3.5 years and the Bayley Scales of Infant and
Toddler Development—Third Edition for those younger than
3.5 years old or with limited language expression. Twenty-
four (80 %) patients received at least one time of developmen-
tal quotient/intelligence quotient (DQ/IQ) evaluation. DQ
(100×cognitive developmental age/chronological age) was
obtained from seven patients. One of them was older than
10 years old but with limited or no speech and only followed
simple commands. Five of them were younger than 3.5 year
old. Two of them scored within the normal range, and the
other three were developmentally delayed (DQ ranged from
10 to 56).

Two sets of questionnaire, Adaptive Behavior Assessment
System (ABAS-II) and Child Health Questionnaire (CHQ-
PF50), were also included to measure daily life adaptability
and the quality of life after epilepsy surgery in these FCD
patients.

According to the cognitive development of patients,
onset age, and duration of seizure, we categorized the
FCD patients into four groups consisting of group 1,
seizure onset before age of six and seizure duration less
than 2 years; group 2, seizure onset after age of six
regardless of seizure duration; group 3, seizure onset
before age of six and seizure duration longer than
2 years with mild deficits in cognitive function (IQ or
DQ >40); and group 4, seizure onset before age of six
and seizure duration longer than 2 years with severe
impairment in cognitive function (IQ or DQ <40).

Statistical analysis

Fisher’s exact test and chi-squared test were conducted to
compare the favorable (Engel class I/II) and the poor (Engel
class III/IV) outcome with the following: (1) seizure charac-
teristics including patient age at the time of seizure onset and
duration of seizures, (2) presence of FCD on MR or PET
images, (3) location of resection (temporal lobe, extratemporal
lobe, and multiple lobes), (4) cases with intracranial video-
EEG or not, and (5) histological feature (FCD type and
balloon cells).

Data of cognitive ability and developmental status were
analyzed by using variance to compare preoperative and post-
operative scores. Linear regression analyses were performed
to determine predictors of preoperative and changes in post-
operative cognitive function. Data were analyzed with SPSS
20.0.

Results

Surgical procedures

Twenty-six patients underwent lesionectomy guided by neu-
roimaging navigation, ECoG, and intraoperative neurophysi-
ologic monitoring if it involved the rolandic area. The other
four patients underwent evaluation with intracranial monitor-
ing prior to resection due to “invisible” lesion from MRI (all
f r o n t a l l o b e e p i l e p s y w i t h PET- d o c umen t e d
hypometabolism). We used a combination of grids, strips,
and depth electrodes for an intracranial study.

Seizure outcome

Twenty-one (70 %) patients achieved Engel class I, two (7 %)
Engel class II, six (20 %) Engel class III, and one (3 %) Engel
class IV. For 20 patients who were followed up for more than
1 year after the last epilepsy surgery, 12 (60 %) patients were
Engel class I, 1 (5 %) was Engel class II, 6 (30 %) were Engel
class III, and 1 (5%) was Engel class IV. There were 18 frontal
FCD, 7 temporal FCD, 2 parietal FCD, and 3 bilobes FCD (2
frontoparietal and 1 parieto-occipital). Eight cases involved
the rolandic area with preoperative hemiparesis, and four
cases among them improved of neurological deficits after
epilepsy surgery. According to the new ILAE classification
of FCD in 2011 [2], the histopathology was type Ia in 1
patient, type Ib in 7, type IIa in 7, type IIb in 12, and type III
in 3. Eighteen (90%) of 20 patients in whom resection of FCD
was complete experienced seizure-free outcome (p<0.001),
and 3 of 18 patients received more than one surgery to ac-
complish completeness. The seizure-related profile and out-
comes of the 30 patients are summarized in Table 1.

Six patients had seizure duration less than 2 years before
surgery. All of them are seizure free and four patients
discontinued antiepileptic drugs successfully. The pathology
was FCD type IIb in four patients and FCD type Ib in two. The
outcome of cognitive function and quality of life among them
were normal and good.

Eight patients had FCD, and epilepsy involved the rolandic
area with contralateral motor weakness before surgery. Preop-
erative functional MRI was used to evaluate if there was
normal functional anatomy despite the presence of the FCD.
Intraoperative brain mapping confirmed patterns of
corticospinal projections during resective epilepsy surgery.
The results were concordant in five cases between functional
MRI and intraoperative neuromonitoring. All eight patients
achieved complete resection of FCD without moderate or
severe deterioration of their motor function due to neuronal
reorganization (Table 2).

Five patients (16 %) required repeated operations after the
initial surgery failed to control their epilepsy adequately (three
patients) or relapse with initial seizure freedom for more than
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1 year (two patients). Three of themwere finally Engel class I,
and the other two improved from Engel class IV to III.

Preoperative cognitive function

For 22 (73 %) patients who received at least one time of DQ/
IQ evaluation before resection, there were 11 (50 %) patients
below 70. The distribution of patients with preoperative

cognitive levels showed 27 % of average intelligence, and
there was an obvious shift to the left of the distribution of
cognitive function in the studied patients compared to normal
distribution (Fig. 1).

Fifteen patients had an average presurgical IQ score of
78.80 (SD=16.82), which was below average. Their perfor-
mance of the intelligence test including verbal comprehension
(t=−4.02, p=0.001), visual organization (t=−3.99, p=0.001),
working memory (t=−3.76, p=0.002), processing speed (t=
−7.04, p=0.002), and visual short-term memory test (t=
−8.15, p<0.001) significantly differed from the normative
mean. The presurgical average of IQ/DQ of these patients
showed slight declination (M=72.65, SD=28.90). And, their
cognitive performance was significantly correlated with ex-
tensiveness of the epileptic activity in the brain region. The
patients with extensive brain region of abnormal activity
would show significant lower cognitive performance than a
focal case (t=2.98, p=0.012).

Postoperative changes in cognitive development and quality
of life

For 14 patients who received both preoperative and postoper-
ative evaluation, only two cases showed mild reduction in
post-op 1 year F/U (DQ 40 to 35, IQ 64 to 53) and five cases
demonstrated mild to moderate improvement (including two
cases that showed initial reduction). Preoperative normal DQ/
IQ or profound retard would remain no significant change
postoperatively. Five of them received the developmental
assessment (Bayley-III) and nine patients received intelli-
gence test. The overall performance of cognitive function
was below average (mean=65.91, t=−3.47, p=0.004). Adap-
tive function was also constrained due to their physical or

Table 1 Summary of seizure profiles and seizure-related outcomes of 30
patients

Characteristics Engel class I/II (%) Engel class III/IV (%)

Age at seizure onset
<2 years old
≥2 years old

11 (79)
12 (75)

3 (21)
4 (25)

Duration of seizures
<2 years
≥2 years

6 (100)
17 (71)

0 (0)
7 (29)

EEG recordings
Intraop ECoG
Intracranial video-EEG

20 (77)
3 (75)

6 (23)
1 (25)

Presence of balloon cells
Yes
No

10 (83)
13 (72)

2 (17)
5 (28)

FCD type I
FCD type II
FCD type III

6 (75)
15 (79)
2 (67)

2 (25)
4 (21)
1 (33)

Location of resection
Temporal lobe
Extratemporal lobe
Multilobes lesionectomy

7 (100)
14 (70)
2 (67)

0 (0)
6 (30)
1 (33)

Complete resection*
Yes
No

19 (95)
4 (40)

1 (5)
6 (60)

ECoG electrocorticography, FCD focal cortical dysplasia

*p<0.001(statistically significant)

Table 2 Characteristics and clinical findings of the eight patients with FCD and epilepsy-involved rolandic area

Case Age/
sex

Clinical
findings

FCD
type

CSP in functional MRI CSP in IONM Resective location Post-op motor
function

Engel
class

1 3/B Todd’s
paralysis

IIb Preserved crossed projection
(reorganized posteriorly)

Nil Motor cortex Weaker big toe I

2 13/G CH IIb Bilateral Failed Inferior rolandic
cortex

Transient weaker
paretic hand

II

3 9/B CH and MR IIa Bilateral Bilateral Rolandic cortex Much improved I

4 4/B CH and MR IIb Ipsilateral Ipsilateral Frontoparietal lobes Improved I

5 15/G CH and MR Ib Bilateral Bilateral Frontal lobe Premotor syndrome
for 2 weeks

I

6 17/B Clumsy hand
and MR

IIb Preserved crossed projection Preserved crossed
projection

Inferior
somatosensory
cortex

Improved I

7 8/B CH IIa Preserved crossed projection Preserved crossed
projection

Cingulate gyrus Much improved I

8 4/B CH and MR Ia Equivocal Preserved crossed
projection

Motor cortex Transient weaker
paretic hand

III

B boy, G girl, CH contralateral hemiparesis,MR mental retardation, CSP corticospinal projection, IONM intraoperative neurophysiological monitoring
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cognitive impairment. General adaptive composite score was
significantly lower than the average (mean=79.50, t=−2.43,
p=0.031). The result of CHQ-PF50 also showed that the
quality of life in these families was also in the low average.
However, the indexes of physical health summary (mean=
39.10, SD=17.85) and psychological health summary
(mean=44.84, SD=13.31) were not significantly different
from the normal average.

Pearson correlation was adopted to inspect the factors that
would affect cognitive outcome, adaptive function, and qual-
ity of life, but not a single factor demonstrated significant
correlation.

The four groups of FCD patients differed significantly in
full-scaled IQ and DQ (Table 3). The first group exhibited the
best cognitive outcome. The average IQ of this group stands
within average (M=105.00, SD=25.12). The second group
scored within normal range but was significantly behind the
first group (M=95.67, SD=7.51). Most patients in the third
group had mild intellectual disability or scored with the bor-
derline range (M=72.17, SD=16.77). The average cognitive
performance of the fourth group was significantly lower than
the other three groups (F=19.91, p<0.01). All the patients in
the fourth group displayed severe declines across different
functional domains, and thus we could only assess their de-
velopmental levels through DQ scores (M=19.45, SD=11.72)
(Fig. 2).

Parent-reported questionnaires of adaptive function and
quality of life suggested that group 1 showed the best outcome
as compared to the other three. All the indices of ABAS-II, a
questionnaire of adaptive behavior, were above average in
group 1. They exhibited various well-adaptive abilities in
communication, social skills, and practical skills as typically
developing child. The other three groups scored below aver-
age in most of the adaptive behavior domains. Group 2 is
better than group 3. Most patients in group 4 were still

dependent in daily caring and showed least competence in
adaptive behavior. This finding was compatible with the re-
sults that a positive correlation was found between cognitive
performance and adaptive behaviors (r=0.862, p<0.001).

The same trend between the first three groups was ob-
served. However, although patients in group 4 had the most
profound cognitive impairment and were largely dependent
on caregivers than the other groups, their quality-of-life scores
were surprisingly a little higher than group 3.While the severe
and frequent seizure attacks were the main concerns of these
families before surgery, most patients in group 4 no longer had
seizure attack postoperative. Children were easier to take care
of and started to learn some basic skills. These improvements
in terms of physical and cognitive functioning greatly relieved
the burden of caregivers and resulted in better quality of life
(Table 3).

Discussion

FCD-related epilepsy is characterized by early onset of age
with drug resistance. The developing brain of young children
is particularly vulnerable to the epilepsy encephalopathy. Sur-
gical intervention is almost the only chance to cure these
patients with freedom of seizure. The functional outcome after
surgical resection is one of the most important issues
concerned.

In recent years, surgery for FCD was conducted by MRI in
the majority of patients with better outcome, esp 3-T MRI
with thin-slice no gap protocol. Multimodality approach of
MRI, PET, MEG, and fMRI, with or without intracranial
EEG, to identify the FCD, epileptogenic region, and eloquent
cortex is complementary diagnostic techniques for the best

Fig. 1 Preoperative cognitive
function compared to normal
distribution
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possible seizure and functional outcome in children [12, 13,
23].

Complete resection of FCD, including surrounding epilep-
togenic areas, is the most important predictor of seizure out-
come [12, 13, 24]. In patients with incomplete excision,
seizure recurrence has been related to the extension of dys-
plastic cortex beyond the visible abnormality [25].

Cognitive impairment in epilepsy patients (esp children)
was documented in the early nineteenth century. Cognitive
deterioration may take place in a subset of children who have
early onset and long duration of epilepsy, and there is a
window of vulnerability for irreversible declination [16–21,
26, 27]. Early surgical intervention for epilepsy may have a
marked impact on the brain plasticity of children with early-

onset and severe epilepsy. Simple partial seizure, even epilep-
ticus partialis, continues, and small gyral lesion would not
significantly damage cognitive development but motor func-
tion. Children with larger lesions involving one lobe or more
were more likely to have preoperative retarded cognition than
were those in whom lesions were confined to one or two gyri.
This result is in keeping with the results reported by other
authors [16, 17].

Shorter duration of seizure before surgery (<2 years) in our
series demonstrated excellent result. All six cases were seizure
free with normal cognitive function, and four of them
discontinued antiepileptic drug. Although all of the six lesions
were small in size and confined to single gyrus and the case
number was not big enough to achieve statistical significance,

Table 3 Comparison of cognitive performance, adaptability and quality of life in four groups

Group 1
Mean (SD)

Group 2
Mean (SD)

Group 3
Mean (SD)

Group 4
Mean (SD)

Cognitive function

Full scale IQ/DQa 105.50 (25.12) 95.67 (7.51) 72.17 (16.77) 19.45 (11.72)

Adaptive behavior (ABAS-II)

General adaptive compositea 105.50 (20.51) 101.33 (19.55) 67.20 (26.02) 51.50 (14.85)

Conceptual compositea 108.50 (16.26) 100.00 (21.07) 66.60 (24.94) 47.00 (4.24)

Communicationb 12.5 (3.53) 9.67 (4.93) 5.20 (4.15) 1.00 (0.00)

Functional academicsb 12 (5.65) 9.67 (3.51) 3.80 (4.76) 1.00 (0.00)

Self-directionb 13 (4.24) 10.67 (3.79) 3.80 (3.83) 1.50 (0.71)

Social compositea 108.50 (16.26) 100.33 (13.58) 71.80 (20.51) 52.00 (4.24)

Leisureb 12.00 (5.66) 10.00 (3.00) 4.60 (3.51) 1.50 (0.71)

Socialb 11.50 (2.12) 10.00 (3.00) 5.20 (3.49) 1.00 (0.00)

Practical compositea 102.00 (24.04) 101.00 (20.42) 65.20 (29.69) 50.00 (14.14)

Community useb 11.00 (5.66) 10.00 (3.00) 4.20 (5.22) 1.00 (0.00)

Home livingb 10.00 (4.24) 8.67 (5.86) 3.80 (5.17) 1.00 (0.00)

Health and safetyb 9.50 (6.36) 12.33 (1.15) 5.20 (4.92) 1.00 (0.00)

Self-careb 9.50 (3.54) 9.67 (4.04) 3.80 (4.76) 3.50 (3.54)

Quality of life (CHQ-PF50)

Physical summary scorec 49.36 (1.99) 51.17 (4.85) 26.92 (20.32) 35.10 (24.98)

Physical functioningb 0.56 (0.00) 0.45 (0.20) −2.16 (2.76) −1.82 (3.36)
Role limitation (physical)b 0.45 (0.00) 0.16 (0.51) −3.08 (2.49) −2.20 (3.74)
General healthb −0.67 (1.06) −0.40 (0.60) −0.92 (0.46) −1.51 (1.22)
Bodily painb 0.06 (0.00) 0.39 (0.74) −0.90 (1.80) 1.03 (0.00)

Psychosocial summary scorec 61.04 (3.16) 45.71 (2.63) 40.30 (14.68) 36.43 (18.71)

Behaviorb 0.94 (0.62) −0.56 (0.28) −0.66 (0.96) −1.01 (1.78)
Role limitation (emotion/behavior)b 0.49 (0.00) 0.11 (0.33) −1.93 (1.76) −2.64 (2.81)
Mental healthb 1.48 (0.25) 0.45 (0.21) −0.17 (1.20) 0.02 (0.78)

Self-esteemb 0.93 (0.33) −0.16 (0.14) −1.58 (1.47) −1.41 (2.98)
Parent impact (emotion)b 0.25 (0.28) −0.73 (1.03) −1.12 (2.09) −1.90 (1.10)
Parent impact (time)b 0.79 (0.00) −1.03 (0.83) −1.40 (1.73) −0.85 (1.55)

aMean=100, SD=15, deviation score
bMean=10, SD=3, scale score
cMean=50, SD=10
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it was encouraging for earlier intervention even in normal
intelligence patients without risk of deterioration. A shorter
duration of epilepsy was the one predictive factor for postop-
erative long-term gains in cognitive function and brain devel-
opment [17].

In our study, we divided our patients into four groups
according to their age of seizure onset, seizure duration, and
preoperative ability. In group 2, patients’ IQ scores were
within normal range given later onset of seizure. Groups 1,
3, and 4 all included patients with seizure onset earlier than
age of six. Patients in group 1 had above average cognitive
performance and good quality of life, along with better adap-
tive functioning to various social settings due to earlier surgi-
cal intervention. In contrast, most patients in groups 3 and 4

showed considerable decline in cognitive function and quality
of life as consequence of longer seizure duration. Patients in
group 3 had relative mild seizure symptom as compared to
group 4; nonetheless, as these children suffered from epilepsy
for a longer time under the age of 6 years old, their cognitive
functioning declined more obviously. As a result, group 3
exhibited relative poorer cognitive outcome and quality of life
as compared to groups 1 and 2. Patients in group 4 with the
severest type of epilepsy showed the most profound cognitive
impairment before surgical intervention. According to our
presurgical record, most patients in group 1 who had smaller
lesions and more benign epileptic symptoms tended to exhibit
fair prognosis even without surgical intervention. However,
the significant differences of cognitive abilities between group

Fig. 2 a Change in cognitive performance. b Possible cognitive developmental profiles in four groups
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1 and groups 3 and 4 still suggest that seizure duration is an
important predictive factor of results. At active intervention
and at a younger age, the patient became seizure free which
not only led to a better outcome (yet, slightly below average)
but also gave these children a chance to lead a normal life.

Despite the group categorization, most patients showed
some improvements after surgical resection. However, the
extent of improvement differed in four groups. Taking collec-
tively the perspectives from neural bases and the stage theory
of cognitive development, we attempted to elucidate why the
four groups of our patients treated with epilepsy surgery
exhibited different cognitive outcomes even when they had
become seizure free or not. Although patients in group 1 had
early seizure onset (before age of 6 years old), they did not
suffer from severe seizure attacks, and the symptoms subsided
after surgical intervention in a short period of time (less than
2 years). For these cases, minor cognitive disruption and
neural plasticity of the brain led to a better chance for them
to catch-up the normal development. Nonetheless, different
scenarios were observed in group 3 and group 4. In group 4,
seizures attacked frequently, and the effects on development
were drastic that impeded the child from acquiring new skills.
According to Piaget’s developmental theory, the years before
age of two is denoted as the “sensorimotor period,” in which
children construe their knowledge by interaction with the
world via sensorimotor activity (e.g., throwing objects or
mouthing), which is the basis for development of other more
advanced cognitive functions [28]. Due to the age of seizure
onset, the abilities of patients in group 4 might somewhat
being arrested in the sensorimotor stage. After the surgical
intervention, they all showed significant improvements in
seizure control. The rate of cognitive development gradually
improved as compared to presurgical baselines. However, as
the seizures had exerted adverse impacts on the brain devel-
opment, these children were significantly left behind typically
developing children, and the room for improvement is limited.
This might explain the observation that patients resumed to
learning after seizure freedom but still exhibited a moderate
decline in DQ. Patients in group 3 also had an early onset of
seizure, but the symptoms and cognitive impairment were not
as severe as group 4. Their IQ would increase in most patients
after epilepsy surgery. However, patients in group 3 experi-
enced a long period of seizures across toddlerhood into older
childhood. Neurocognitive functioning was largely influenced
by the abnormal neural activities. Within this group, most
patients had mild intellectual disability. Group 2 includes
patients with relative late onset of disease (older than 6 years
old), which the development of lower-level cognitive process-
ing has completed. Children already possess all basic senso-
rimotor abilities to interact with the world to develop further
cognitive abilities. Despite mild declines in cognitive func-
tioning that sometimes were observed in group 2, their aver-
age performance on IQ test was within the normal range. As

compared to their strengths in basic cognitive abilities, some
higher-order cognitive functions such as reasoning or execu-
tive function were more likely to be affected [28–30].

The parents of all five patients received additional surgical
resection for the residual FCD after recurrence, or sustained
epilepsy expressed tremendous satisfaction about the imme-
diate improvement of their profound developmental delay
after staged surgeries although two of them were not seizure
free.

PET is more sensitive to MRI in localization of the epilep-
togenic foci. In our 28 cases with PET study, all of them
documented hypometabolic area concordant with histopatho-
logic and epileptogenic lesion (including four extratemporal
MRI-negative cases). The hypometabolic area in PET was
fused with 3D MRI during surgery, and it was the maximum
limitation that we tried not to breakthrough in tailored
lesionectomy.

Functional MRI is a noninvasive method for evaluation of
neural reorganization preoperatively with resting state con-
nectivity. It can also correlate local functional connectivity by
analysis of 26 neighboring voxels to detect intracranial focus
of epileptogenicity [31, 32]. It is not uncommon that FCD
involves the rolandic area. To remove that part of cortex for
better seizure, control is not without the risk of introducing
new postoperative deficits [33]. It is frequent that the
corticospinal projections of the lesioned hemisphere may have
shifted to a new location or the opposite hemisphere since
FCD is a congenital disease. Using functional MRI and intra-
operative neurophysiological monitoring, the neurological
outcome of eloquent area resection is predictable preopera-
tively, and complete resection of this territory of FCD with
improvement of motor function is achievable. We have eight
patients of FCD with involvement of the rolandic cortex and
presentation of preoperatively contralateral motor weakness
(including Todd’s paralysis). The seizure outcome was favor-
able (Engel class I/II) in seven of them due to complete
resection of the FCD. Four patients demonstrated either ipsi-
lateral or bilateral corticospinal projections in motor tasks of
functional MRI and/or intraoperative brain mapping, and all
of them gained improvement of motor function postoperative-
ly with only one patient with transient deterioration (Fig. 3).
Four of the eight patients suffered from mild functional dete-
rioration after resection of FCD in motor cortex. Only in one
case the deficit was mild and permanent (big toe). Our results
of surgery for appropriately selected children with drug-
resistance epilepsy due to FCD involving the rolandic cortex
were as effective as the previous studies, and the patients
would have the chance to gain improvement in both motor
and cognitive function [33–35]. No multiple subpial transec-
tion (MST) was performed in these cases. Because there was
usually an initial early response to MSTs for epileptogenic
zone over the rolandic cortex, the results were not durable, and
seizure outcomes were less than satisfactory over time
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[36–38]. Complete resection of FCD in children is not a
necessarily compensated neurological function as trade-off.

The only type IIId case demonstrated FCD with
Rasmussen’s encephalitis. We tried to resect the FCD part
correlated to ictal PET hot area instead of hemispherectomy
for treatment of his epilepsia partialis continua, but the result
was Engel class III. The other two temporal type III cases all
achieved seizure freedom due to complete resection. There-
fore, the seizure outcome of type III should take the dual
pathology in consideration together.

It is worth to mention that the FCD may be localized by
EEG after corpus callosotomy and visible in MRI after
myelination of the brain (older than 3 years old), which was
demonstrated in one case of West syndrome in the current
study [39, 40].

MEG and EEG appear to be complementary in recording
interictal events. MEG is helpful and increases sensitivity to
detect abnormal lesion on MRI, but MEG alone is not con-
clusive to define the exact area for surgical resection [23].

The seizure-free outcome in 72 % and Engel class II in
further 6 % of our study is compatible with other case series in

the literature [11–14]. There was no significant difference in
seizure and cognitive outcomes between type I and type II
FCD cases in current series.

Conclusions

For drug-resistant epilepsy with focality, earlier surgical inter-
vention should be indicated. If severe functional impairment
was already caused by early onset (<6 years/old) and long
duration of seizure (>2 years), there is little chance of catch-up
in neurological development that even become seizure-free.
Complete resection is the single most important predictor of
epilepsy outcome, and it needs multimodality approach and
teamwork to achieve this goal. Early surgical intervention and
complete resection of the lesion help for a better seizure
control, cognitive function development, and quality of life.
FCD is not uncommon to involve the rolandic area, and it is
acceptable to resect it in children without significant sacrifice
of neurological function. Further prospective longitudinal co-
hort studies on well-defined patient populations who are

Fig. 3 A 9-year-old boy with right hemiparesis and mental retardation
before surgery and ictal FDG-PET showed hypermetabolism over left
rolandic area (a). Functional MRI demonstrated passive motor tasks of
right hand/wrist in bilateral motor cortex (b). Response of the right limbs

to transcranial stimulation (TCS) over the lesioned hemisphere and bilat-
eral muscle response to TCS over the unaffected hemisphere indicating a
bilateral corticospinal projection. PH paretic hand, right side (c). Com-
plete resection of FCD type IIa in the rolandic area (d)
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treated surgically or medically at different times will be need-
ed to clarify these multifactorial issues.
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