
OR I G I N A L R E S E A R C H

Histological type of focal cortical dysplasia is

associated with the risk of postsurgical seizure in

children and adolescents
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Aim: Focal cortical dysplasia (FCD) is a common cause of refractory epilepsy in children

and adolescents. Epilepsy surgery is a treatment option for FCD. This study aimed to

investigate the relationship between postsurgical outcomes and FCD types according to the

International League Against Epilepsy (ILAE) classification and assess prognostic factors in

pediatric and adolescent epilepsy surgery.

Methods: We retrospectively analyzed 92 children and adolescents with a proven patholo-

gical diagnosis of FCD who underwent resective surgery at our epilepsy center between

August 2012 and September 2015. The patients were followed up for at least 1 year to

evaluate the surgical outcomes, and a multivariable regression analysis was performed to

identify risk factors of seizure relapse.

Results: After surgery, 53.3% of the patients were completely seizure-free during the entire

follow-up period. The FCD types, incomplete resection of the epileptic cortex, and use of

intracranial electrode were independent risk factors of seizure recurrence. The patients with

FCD type II had relatively favorable surgical outcomes compared to the patients with FCD

type I. The difference in the postoperative outcome between patients with FCD types III and

I was not significant.

Conclusion: There is a significant association between FCD types and surgical outcomes in

children and adolescents with epilepsy. These findings provide guidance for the optimization

of surgical strategies.
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Introduction
Focal cortical dysplasia (FCD) is a frequent cause of focal epilepsy in children and

adolescents and is considered as a type of malformation in cortical development

characterized by localized aberrant cortical architecture. Most FCD patients experi-

ence the onset of epilepsy by 16 years of age, and the seizures are often medically

refractory.1

Over the past decades, various FCD classification systems have been proposed.

The new three-tiered FCD classification proposed by the International League

Against Epilepsy (ILAE) is based on Palmini’s FCD classification and distinguishes

isolated forms from those associated with other epileptic lesions, such as hippo-

campal sclerosis and tumors, which are defined as FCD type III.2 Surgery is a

therapeutic option for intractable epilepsy in patients with FCD. Several studies

have focused on the prognosis of FCD surgery.3–7 The reported postoperative
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outcome of FCD patients is controversial, and the hetero-

geneity in the patient age among different studies could

contribute to the inconsistent results.8 Therefore, an epi-

lepsy surgery series focused on a specific age group is

valuable for improving our understanding of the disease.

Furthermore, most previous studies used Palmini’s FCD

classification. The new ILAE classification proposed a

new type III, ie, associated FCD, which is differentiated

from isolated FCD. Outcome data regarding the new clas-

sification by the ILAE, particularly regarding FCD type III

in children and adolescents are limited.8,9

Therefore, this study aimed to investigate the surgery

outcomes in children and adolescent patients with FCD as

the cause of epilepsy and prognostic factors of pediatric

and adolescent epilepsy surgery. In addition, we investi-

gated the relationship between postsurgical seizure out-

comes and different FCD types using the new ILAE

classification.

Methods
Patient selection
We retrospectively analyzed consecutive patients diagnosed

with pharmacoresistant epilepsy who underwent resective

epilepsy surgery at our center between August 2012 and

September 2015. All patients had been treated with first-

line antiepileptic drugs and fulfilled the criteria for drug

resistance proposed by ILAE, which defines drug resistance

as “failure of adequate trials of two tolerated and appropri-

ately chosen anti-epileptic drugs (AEDs) schedules (whether

as monotherapies or in combination) to achieve seizure

freedom”.10 Patients who underwent previous resective epi-

lepsy surgery were excluded. All patients underwent a thor-

ough presurgical evaluation to assess the extent of the

resection. This study was approved by Ethics Committee of

Xuanwu Hospital, and was conducted in accordance with the

Declaration of Helsinki. All patients or their parental or legal

guardian provided written informed consent, including the

use of their medical data for research.

Presurgical evaluation
For each patient, the clinical and investigatory data were

considered in the presurgical evaluation, including clinical

history, neurological examination, magnetic resonance

imaging (MRI), and long-term scalp video-electroencepha-

lography (EEG) monitoring. The MRI scans were obtained

at 1.5 or 3.0 Tesla and included axial and coronal T1-

weighted, axial T2-weighted, and axial fluid-attenuated

inversion recovery (FLAIR) sequences. The MRI findings

were divided according to the presence or absence of

lesions (normal or nonspecific findings that could not

explain the epilepsy were considered as the absence of

lesions). The scalp EEG was acquired using a 10–20

International System. For statistical purposes, we also

classified the epileptiform activity as regional, lateralized

and generalized abnormalities. If the location of the epi-

leptogenic zone was unclear, additional investigations,

including single-photon-emission computed tomography

(SPECT), positron emission tomography (PET), and mag-

netoencephalography (MEG), were performed. The pre-

surgical evaluation findings were reviewed at a

multidisciplinary seizure conference, and the decisions to

proceed with surgery or perform an invasive evaluation

were made. At our institution, we use a combination of

subdural and deep electrodes for invasive intracranial

monitoring.

Surgical procedure
Based on the results of the presurgical evaluation, deci-

sions regarding the type and extent of surgery were made

for each individual patient after a multidisciplinary case

discussion. The resection areas included the lesions as

indicated by MRI, EEG onset zone and adjacent epilepto-

genic areas. In certain cases, intraoperative electrocortico-

graphy (ECoG) was performed to avoid eloquent cortex

resection. The surgeries were classified into the following

4 categories according to the resection extent: standard

anterior temporal lobectomy, unilobar, multilobar, and

hemispherical resection. All patients underwent a post-

operative MRI to identify the completeness of excision.

The complete excision of MRI lesions and seizure onset

zones was considered a complete surgical resection. In

cases of the area of the MRI lesion or seizure onset zone

overlapped with an eloquent cortical region, the resection

may be incomplete to avoid unacceptable neurological

deficits. A histopathological analysis of each resected

brain was performed, and the lesions were pathologically

classified based on the histological abnormalities. The

FCD abnormalities were classified as FCD types I, II or

III according to the ILAE classification.2 After surgery

patients received AEDs treatment and follow-up including

EEG.

Outcome assessment
The surgical outcomes were annually assessed using the ILAE

classification.11 The patients regularly visited the outpatient
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clinic or were contacted via telephone. Follow-up visits were

scheduled at 3 months and 1 year after surgery, followed by

annual visits for an outcome evaluation. In our study, only

ILAE class 1 was considered seizure-free, and postoperative

auras were considered as seizures. Seizures that occurred

during the first 2 weeks after surgery were excluded. We

assessed the outcomes until January 2017.

Statistical analysis
Statistical analysis was performed using medians and

ranges for the continuous variables and frequencies for

the categorical variables. For exploratory purposes, the

variables were first screened by performing Wilcoxon

rank-sum, chi-square, and Fisher’s exact tests to compare

the seizure-free patients to those with seizure recurrence

regardless of the follow-up time. The variables with a

significance level of 10% based on the initial univariable

analysis were then tested in a multivariable Cox regression

analysis. Follow-up duration indicated the time from at

3 months after surgery till the latest yearly evaluation.

First, a Kaplan-Meier survival analysis was performed to

calculate the probability of seizure-free survival in the

overall group, and then, the FCD types were considered.

The differences between the FCD types were analyzed

using a log-rank test. Significance was established at

P<0.05, and the accepted confidence interval (CI) was

95%. All analyses were performed using SPSS version

18.0 (IBM Corporation, Armonk, NY, USA).

Results
Patient characteristics
Patients who met the following criteria were included in

the analysis: age <18 years at epilepsy surgery, pathology-

proven FCD without dual pathology, and complete post-

surgical follow-up data for at least 12 months. In total, 92

patients (59 males and 33 females) were included in the

study. Based on histological evaluation, 34 (37.0%)

patients had FCD type I, 20 (21.7%) patients had FCD

type II, and 38 (41.3%) patients had FCD type III. The

seizure-onset zone was considered temporal in 36 (39.1%)

cases and extratemporal in 56 (60.9%) cases. The other

characteristics of our cohort are shown in Table 1.

Overall outcomes
Of the 92 patients, 49 (53.3%) patients had not experienced

seizure recurrence after surgery, and 43 (46.7%) patients

had seizure relapse. The seizure outcomes of the 92 patients

are presented in a Kaplan-Meier survival curve (Figure 1A).

The probabilities of seizure-free survival at 1, 2, 3, and

4 years after surgery were 0.598 (95% CI, 0.498 to 0.697),

0.533 (95% CI, 0.425 to 0.641), 0.500 (95% CI, 0.380 to

0.620), and 0.375 (95% CI, 0.146 to 0.604), respectively.

Risk factors of seizure relapse
First, we performed a univariable screening of potential

risk factors. The histological type of FCD had a significant

effect on the outcome, and the use of invasive EEG was

significantly associated with surgical failure (Table 2). The

Table 1 Characteristics of patients

All (n=92)

Gender

Male: Female 59:33

Median age at seizure onset, years (range) 5 (0–15)

Median age at epilepsy surgery, years (range) 13 (3–17)

Median epilepsy duration, years (range) 6 (0–17)

Median follow-up durationa, months (range) 24 (12–48)

Number of patients with preoperative GTCs (%) 62 (67.4)

Seizure frequency before surgery

Daily (%) 43 (46.7)

Weekly (%) 15 (16.3)

Monthly (%) 31 (33.7)

Sporadic (%) 3 (3.3)

MRI lesions

Present (%) 53 (57.6)

Absent (%) 39 (42.4)

Scalp EEG findings

Regional or lateralized (%) 83 (90.2)

Generalized (%) 9 (9.8)

Number of patients with invasive EEG recording (%) 62 (67.4)

Type of surgery

Standard anterior temporal lobectomy (%) 18 (19.6)

Unilobar resection (%) 41 (44.6)

Multilobar resection (%) 30 (32.6)

Hemispherectomy (%) 3 (3.3)

Extent of resection

Complete (%) 81 (88.0)

Incomplete (%) 11 (12.0)

FCD subtype

FCD Ⅰ (%) 34 (37.0)

FCD Ⅱ (%) 20 (21.7)

FCD Ⅲ (%) 38 (41.3)

Note: aFollow-up duration indicated the time from at 3 months after surgery till

the latest yearly evaluation.

Abbreviations: EEG, electroencephalography; FCD, focal cortical dysplasia; GTCs,
generalized tonic-clonic seizure; MRI, magnetic resonance imaging.
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Figure 1 Kaplan-Meier analysis of the time to the first postsurgical seizure in the population overall (A) and by FCD types (B). The P-value was calculated from a log-rank test.

Abbreviation: FCD, focal cortical dysplasia.
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other prognostic indicators significantly correlated with the

postsurgical seizure recurrence included incomplete resec-

tion and absence of MRI lesions (Table 2). No significant

difference was observed in the epilepsy duration, age at

epilepsy onset, age at epilepsy surgery, and presurgical

seizure frequency between the patients who were post-

operatively seizure-free and those with seizure relapse.

To further verify all risk factors identified as potentially

significant in the univariable analysis, we performed a multi-

variable analysis using a Cox proportional hazards regres-

sion. The variables that retained significance included

incomplete resection and the use of invasive EEG (adjusted

P-values of 0.007 and 0.029, respectively, Table 3). Patients

with FCD type II were predicted to have a more favorable

outcome than patients with FCD type I. The surgical outcome

did not significantly differ between patients with FCD type I

and III. The significant association between the absence of

MRI lesions and seizure relapse was not confirmed by the

multivariable analysis (adjusted P-value =0.503, Table 3).

Outcome based on different FCD types
Kaplan-Meier survival curves of the seizure-free patients

with different FCD types are shown in Figure 1B. The

seizure-free rate among the patients with different FCD

types rapidly declined within the first year. The probability

of seizure-free survival at 1 year after surgery was 0.471

(95% CI, 0.302 to 0.640) in the patients with FCD type I,

0.605 (95% CI, 0.450 to 0.760) in the patients with FCD

type II, and 0.640 (95% CI, 0.397 to 0.883) in the patients

with FCD type III. After one year, the seizure-free rate in

the patients with FCD type I continued to decline until the

end of the follow-up year, whereas no seizure recurrence

was observed in the patients with FCD type III after one

year and in the patients with FCD type II after two years.

Of the patients with postoperative seizures within the

first year (n=36), 29 patients had at least two years of

follow-up. Of these patients, 3 patients had subsequent

remission. Two patients with pathological findings of

FCD types I and III were seizure-free during the second

postoperative year. Another FCD type III patient became

seizure-free during the third year.

Discussion
We report postoperative seizure outcomes in a large series

of child and adolescent FCD patients. The overall seizure-

free rate was 59.8% during the first year after surgery, and

53.3% of the patients were completely seizure-free

throughout the entire follow-up duration. The risk factors

of seizure recurrence included the histological types of

FCD, incomplete resection and intracranial electrode

implantation, whereas negative MRI findings were not

predictive of poor postsurgical outcome.

Most previously published studies investigating seizure

outcomes after epilepsy surgery have focused on patients

with FCD types I and II according to Palmini’s classification,

which correspond to isolated FCDs in the ILAE classification

system. Engle’s class I outcomes were achieved in 40–75% of

these FCD patients.12–14 Recently, several studies have

Table 2 Univariable analysis of risk factors for postoperative seizure

Variable Seizure free Seizure relapse P-value

FCD type 0.02

FCD Ⅰ 12 (35.3) 22 (64.7)

FCD Ⅱ 14 (70.0) 6 (30.0)

FCD Ⅲ 23 (60.5) 15 (39.5)

Extent of resection 0.07

Incomplete 3 (27.3) 8 (72.7)

complete 46 (56.8) 35 (43.2)

Invasive EEG recording 0.03

Used 28 (45.2) 34 (54.8)

not used 21 (70.0) 9 (30.0)

MRI lesions 0.02

Absent 15 (38.5) 24 (61.5)

present 34 (64.2) 19 (35.8)

Notes: Data are No. (%) unless otherwise indicated. P-value was determined by Pearson X2 or Fisher’s exact tests as appropriate.

Abbreviations: EEG, electroencephalography; FCD, focal cortical dysplasia; MRI, magnetic resonance imaging.
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analyzed the clinical characteristics and surgery outcomes of

patients with the new FCD type III proposed by the ILAE.15–17

However, these studies compared specific FCD III subtypes

with isolated epileptic lesions without FCD, and studies com-

paring the three FCD types are limited. In our cohort, FCD

patients were classified into three pathological types based on

the ILAE classification. FCD type I accounted for 37.0% of

the patients, type II accounted for 21.7% of the patients, and

type III accounted for 41.3% of the patients. The distribution

of FCD types slightly differed from that reported in a recent

study.9 In our study, the proportion of FCD type II was lower,

likely due to the varied standards used in the patient selection

and the different age groups.

According to our findings, the different histological

types are associated with different postoperative seizure

outcomes. FCD type II has a more favorable outcome than

FCD type I, consistent with previous studies.4,6,18 FCD

type I likely represents a more diffuse structural abnorm-

ality, and the extent of the epileptogenic zone is difficult to

delineate, subsequently leading to incomplete resection.

The localization of dysplastic lesions using MRI and

EEG was also better in the patients with FCD type II,

which may contribute to the better outcomes.

The outcomes of the patients with FCD type III did not

significantly differ from those of the patients with FCD

type I. Our results are consistent with a previous study

which showed no significant difference in the outcomes of

epilepsy patients with FCD IIIa and isolated FCD I in the

temporal lobe.16 In contrast, another study indicated that

patients with refractory epilepsy secondary to a solitary

tumor or with a tumor-associated FCD shared similar

postoperative seizure outcomes but differed from patients

with solitary FCD.15 These results are poorly comparable

due to the varied subtypes of FCD III. Due to the limited

number of patients with FCD type III in our series, com-

parisons among the different subtypes of FCD III could

not be performed. Further studies focusing on the subtypes

of FCD type III are needed to clarify the epileptogenic

contributions of FCD I changes and other related lesions.

Early versus late surgery failure also showed variations

in different FCD types. Seizure recurrence mostly occurred

during the first 6–12 months in all FCD types. However, no

additional failure occurred after one year among the patients

with FCD type III or after two years among the patients

with FCD type II, but the patients with FCD type I showed

a gradual loss of their seizure freedom after one year until

the final follow-up. Thus, late failure in the patients with

FCD types II and III occurred less frequently than in

patients with FCD type I, consistent with previous studies

reporting that FCD type I is a risk factor of late failure in

medically intractable epilepsy patients.18,19 Early postopera-

tive seizure relapse has been attributed to inadequate resec-

tion of the epileptogenic zone, and late recurrence reflects

the epileptogenesis of “pro-epileptic” lesions. Thus, our

findings suggest that patients with FCD type I are more

likely to develop neo-epileptogenesis after the complete

resection of the initial epileptogenic FCD. However, why

FCD type III including the pathological change of FCD I

and additional related pathology has a lower rate of late

failure than isolated FCD I is unclear. A possible explana-

tion might be that the development of FCD I is attributed to

other underlying pathological lesions, and the complete

removal of this original lesion can prevent the re-emergence

of FCD.20

The “running-down phenomenon” has been mostly

described in temporal lobe epilepsies and is defined as a

spontaneous vanishing of seizures in patients with initial post-

operative seizure.21 This phenomenon was observed in three

patients in our cohort as follows: two patients with FCD type

III and one patient with FCD type I. Our results confirm the

observations reported in earlier studies.3,8 In addition, we

demonstrate that patients with early relapse also have an

Table 3 Multivariable analysis of risk factors for postoperative seizure

Variable Hazard ratio 95% CI Adjusted P-value

FCD subtypea

FCD Ⅰ / / /

FCD Ⅱ 0.39 0.16–0.98 0.04

FCD Ⅲ 0.78 0.37–1.61 0.50

Incomplete resection 3.04 1.36–6.76 0.01

Invasive EEG recording 2.55 1.10–5.91 0.03

Notes: aFCD type I served as control. The variable that was included in the model but lost its significance was the absence of MRI lesions (adjusted P-value =0.50).

Abbreviations: EEG, electroencephalography; FCD, focal cortical dysplasia; MRI, magnetic resonance imaging.
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opportunity to become seizure-free without medical

modification.

Recently, intraoperative MRI has been reported to be

helpful in improving postoperative seizure freedom and

reducing neurological deficits due to surgical damage.22

Intracranial electrode implantation was another significant

predictive variable of unfavorable outcomes in our series.

Invasive EEG usually reflects difficulties in precise epilepto-

genic zone localization merely based on scalp EEG and

neuroimaging. The relationship between the use of an intra-

cranial electrode and surgical failure implies that invasive

EEG may not provide adequate information to fill the surgi-

cal outcome gap in these patients.

The present study has several limitations. First, this study

was a retrospective study, and recall bias cannot be comple-

tely avoided. Second, because of the limited sample size, we

could not perform subgroup analyses for each FCD subtype.

Third, the duration of the follow-up was not sufficiently long

to describe dynamic changes in the postoperative outcome.

Fourth, we did not perform genetic analysis of the patients.

In conclusion, we report postsurgical seizure outcomes

and risk factors of seizure relapse in child and adolescent

patients with FCD undergoing comprehensive presurgical

evaluation. Seizure freedom was obtained in more than

half of the FCD patients. After dividing the histological

findings into the different types according to the ILAE

classification, the patients with FCD type II exhibited a

better outcome than the patients with FCD type I, and no

significant difference was observed between FCD type I

and type III. The other determinants of a favorable post-

surgical outcome in our study included complete resection

and the non-use of intracranial electrode.
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