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Abstract 

 

Outcome and prognostic factors of epilepsy surgery  

in children with focal cortical dysplasia 

 

Objective: Focal cortical dysplasia (FCD) is a subgroup of malformations of 

cortical development, characterized by disorganization of the normal cortical 

architecture. It is the most common cause of intractable focal epilepsy in 

children. Antiepileptic medication treatment is often ineffective. Thus, 

epilepsy surgery is one of the valuable treatment options to achieve seizure 

freedom in these intractable focal epilepsy patients. We aimed to analyze 

surgical outcome and prognostic factors of epilepsy surgery in children with 

focal cortical dysplasia.  

Methods: Eighty four children who had resective epilepsy surgery from 

January 2004 to December 2013, histologically proven cortical dysplasia, and 

a follow-up period of at least 2 years were included. Medical records 

regarding demographics, epilepsy details, types of FCD, presurgical 

evaluations, longitudinal analysis of seizure control, and postoperative 

complications were retrospectively analyzed.  

Results: The mean age at epilepsy onset was 5.2 years and the mean age at 

epilepsy surgery was 10.7 years. The mean postoperative follow-up duration 
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was 5.2 years (range 2.2-22.6 years). Patients with FCDⅡ had significantly 

early onset of epilepsy, higher seizure frequency, and underwent surgery at a 

significantly younger age compared to the other types. Diagnostic sensitivities 

of preoperative evaluations were various. Interictal and ictal 

electroencephalography localized epileptogenic zone with 58-68% accuracy. 

Magnetic resonance imaging (MRI), fludeoxyglucose-positron emission 

tomography (FDG-PET), ictal single-photon emission computed tomography 

(SPECT) had diagnostic sensitivity of 80-90%. Of 84 patients, Engel class I 

was achieved in 66% of patients at postoperative 1 year, 60% at postoperative 

2 year, and 52% at last follow-up. Focal lesion on MRI and complete 

resection are major prognostic factors for postoperative seizure outcome. 

Thirty percent of 84 patients had incomplete resection, and the most important 

reason was overlap of dysplastic cortex and motor cortex. In 45 patients who 

had postoperative seizures, 84.5% of them had seizure recurrence within 

postoperative 2 years and the long term seizure-freedom rates remain stable. 

Fourty-four percent of 84 patients discontinued antiepileptic medication 

successfully.  

Conclusion: Postoperative seizure outcome was favorable in children with 

focal cortical dysplasia with low risk of surgical complications. 

Comprehensive presurgical evaluations and multidisciplinary team approach 

would enhance the chance for detecting epileptogenic region associated with 

cortical dysplasia. Constant and systematic presurgical, or surgical variables 



iii 

 

to predict postoperative outcome would help selecting the ideal candidate for 

epilepsy surgery. 

 

Keywords: focal cortical dysplasia; epilepsy surgery; surgical outcome; 

complication; prognostic factors 

Student number: 2015-20028 
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Introduction 

Focal cortical dysplasia (FCD) comprises a spectrum of developmental 

malformations characterized by aberrant cortical architecture of the cerebral cortex 

(1). It is the most common etiology of medically intractable focal epilepsy in 

childhood. As there is a low chance of improvement with the additional 3
rd

 or 4
th

 

antiepileptic medications, epilepsy surgery is considered as a valuable option with 

the postoperative seizure free rates between 50% and 75% (2-4). For a better 

surgical outcome, identifying the ideal surgical candidate using presurgical 

evaluations to predict the prognosis of epilepsy surgery is crucial. Previous studies 

reported several prognostic factors of postoperative seizure outcomes (5-13). In the 

meta-analysis by Rowland et al., partial seizures, a temporal location, detection with 

MRI, a type Ⅱ Palmini histological classification, and complete resection were 

associated with higher rates of postoperative seizure control (14). 

Over last decades, multiple diagnostic techniques have been developed. However, 

localizing epileptogenic zone in focal cortical dysplasia is still challenging. In some 

refractory focal epilepsy patients, overt focal lesion is not detected in MRI. It is due 

to characteristics of cortical dysplasia that often type I cortical dysplasia is poorly 

visualized in MRI. In addition, margin of dysplastic lesion is poorly demarcated that 

complete resection of anatomic or electrographic abnormalities is difficult to 

determine (15, 16). 
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In this study, we investigated seizure outcome after resective epilepsy surgery in 

histologically proven FCD pediatric patients during the last 10 years. We aimed to 

analyze longitudinal aspects such as long term seizure outcome, recurrence rate in 

the follow up period, and chance of tapering antiepileptic medications. In addition, 

we analyzed predictive prognostic factors for a better postoperative seizure outcome.  

 

 

Materials and Methods 

Patients 

Among the patients who underwent resective epilepsy surgery at Seoul National 

University Children’s Hospital from January 2004 to December 2013, patients with 

histologic diagnosis of FCD Ⅰ, Ⅱ and Ⅲa postoperatively were selected. All 

patients had follow up of at least 2 years postoperatively. Subjects with 

polymicrogyria, hemimegalencephaly were excluded. We also excluded patients 

with other potentially epileptogenic lesions, such as benign brain tumors, vascular 

malformations, ischemic changes, and sequelae of meningoencephalitis. A total of 

84 patients were included for analysis.  

 

 



3 

 

 

 

Figure 1. Flowchart of patient selection 
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Medical record review 

A comprehensive medical record review included the following: (1) 

demographics (gender, age of seizure onset, duration of epilepsy, presence of 

intellectual disability); (2) epilepsy details (semiology and frequency of seizures, 

history of febrile convulsion, prior interventions including number of antiepileptic 

medications and ketogenic diet use); (3) interictal scalp electroencephalography 

(EEG) and, when needed, ictal video-EEG (VEEG) monitoring or intracranial EEG 

monitoring; (4) brain magnetic resonance imaging (MRI). Additional data including 

fludeoxyglucose-positron emission tomography (FDG-PET), ictal single-photon 

emission computed tomography (SPECT), and magnetoencephalography - magnetic 

source imaging (MEG-MSI) studies were collected. 

MRI was performed with 1.5- or 3-Tesla epilepsy protocols, including axial and 

sagittal T1-weighted, axial and coronal T2-weighted, oblique coronal T2-weighted 

and fluid-attenuated inversion recovery (FLAIR) perpendicular to the long axis of 

both hippocampi. The MRI characteristics of FCD include hyperintensities of the 

cortex and subcortical white matter in T2WI and FLAIR, blurring of the gray-white 

matter, and sulcal or gyral abnormalities. FDG-PET was evaluated in 76 patients to 

detect hypometabolic regions of the brain. Ictal SPECT was performed in 32 

patients during video-EEG monitoring. We defined as localizing if the 
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hyperperfusion area or hypometabolic area was confined to regional lobe. MEG-

MSI was performed in 17 patients to identify epileptogenic regions. 

Video-EEG monitoring was recorded with 21-channel scalp electrodes according 

to the International 10-20 System. If indicated, intracranial EEG monitoring with 

subdural, depth electrodes was performed. We considered intracranial EEG 

monitoring when noninvasive investigations fail to localize the extent of 

epileptogenic zone, or suggest a wide involvement of extra-lesional areas, or 

epileptogenic zone involves highly eloquent areas. In the latter cases, we conducted 

functional mapping by intracerebral electrical stimulation to identify primary motor, 

somatosensory, and language areas.  

 

Surgery  

The surgical plan was decided based on the available data collected during 

presurgical assessment. Presumed epileptogenic zone was established in a 

consensus at a multidisciplinary team meeting involving neurologists, 

neurosurgeons, and neuroradiologists. Complete resection was defined by complete 

removal of the lesion confirmed by postoperative MRI. In MRI-negative cases, 

resection of presumed epileptogenic zone, noted on intracranial EEG monitoring, 

was considered as complete resection.  
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Histology 

The diagnosis of pathologic cortical dysplasia was made according to the system 

of Palmini and colleagues and new International League Against Epilepsy (ILAE) 

classification (17, 18). In patients with hippocampectomy, the hippocampal 

sclerosis were graded according to the classification by Wyler et al (19). FCD type 

Ⅲa was diagnosed in patients with Wyler 3 and 4 in histology and also with 

increased T2 and FLAIR signals of the hippocampus in MRI. Patients with tumor-

associated FCD were not included. 

 

Postoperative outcome 

Postoperative seizure outcome was classified according to Engel (20): (class Ia) 

completely seizure-free since surgery, (I) seizure free or auras only or convulsions 

with AED discontinuation only, (II) rare disabling seizures (< 2 seizures/year or ≥ 

90% seizure reduction), (III) worthwhile seizure reduction (reduction of seizure 

frequency ≥ 75%), (IV) no worthwhile improvement (reduction of seizure 

frequency < 75%). All patients had postoperative EEG which was taken within 

postoperative 1 month. We defined seizure occurrence within postoperative 1 month 

as immediate postoperative seizure. 
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Statistical analysis 

Statistical analysis was performed with Statistical Package for the Social 

Sciences (SPSS Inc., Chicago, IL, USA) version 18.0 for Windows. Data were 

expressed as means (± SD) and percentages used as descriptive statistics. 

Categorical data were evaluated by chi-square test or the Fisher’s exact test, and 

continuous data were evaluated by the Student’s t-test or the one way analysis of 

variance (ANOVA). Odd ratios and 95% confidence intervals (CI) were also 

calculated. Variables with a p value of < 0.05 on univariate analysis were included 

in a multivariate Cox proportional hazards regression analysis, to evaluate the effect 

of clinical variables on postoperative seizure outcome. The Kaplan-Meier method 

was used to calculate seizure-free rates. A P-value < 0.05 was considered 

statistically significant. 
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Results 

 

Patient characteristics  

Of the 84 FCD patients, 44 were female and 40 were male. The follow-up 

duration ranged from 2.2 to 22.6 years (mean ± SD: 8.2 ± 4.2 years). Age at 

epilepsy onset ranged from 0 to 14.9 years (mean ± SD: 5.2 ± 4.2 years), age at 

epilepsy surgery ranged from 0.4 to 21.6 years (mean ± SD: 10.7 ± 5.2 years), and 

duration of epilepsy ranged from 0.1 to 19.8 years (mean ± SD: 5.5 ± 4.4 years). 

The mean postoperative follow-up duration was 5.2 years (range 2 – 12.4 years) 

(Figure 1). Patients were taking 2.5 antiepileptic medications in average, prior to 

surgery. Of 84 patients, 68 patients (80.9%) were taking multiple antiepileptic 

medications and 15 patients (17.9%) were taking one antiepileptic medication. 

Twenty one patients (25%) had intellectual disability. A history of febrile 

convulsions was present in 19 children (22.6%) (Table 1).  
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Figure 2. Overview of the number of patients at each postoperative follow-up 

duration. 
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Table 1. Clinical characteristics of 84 FCD patients 

Number of patients (n = 84)  

Male: Female 40:44 

Follow-up duration, mean ± SD, y 8.2 ± 4.2  

(range 2.2-22.6) 

Age at epilepsy onset, mean ± SD, y 5.2 ± 4.2  

(range 0-14.9) 

Age at epilepsy surgery, mean ± SD, y 10.7 ± 5.2  

(range 0.4-21.6) 

Duration of epilepsy, mean ± SD, y 5.5 ± 4.4  

(range 0.1-19.8) 

Postoperative follow up duration, mean ± SD, y 5.2 ± 2.6  

(range 2.0-12.4) 

Seizure frequency  

Daily (at least once a day), n (%) 

Weekly (at least once a week), n (%) 

Monthly to yearly (less than once a month), n (%) 

 

31 (36.9) 

40 (47.6) 

13 (15.5) 

Number of AEDs, mean ± SD 2.5 ± 1.1 (range 0-6) 

Comorbidity 

    No intellectual disability, n (%) 

    Intellectual disability, n (%) 

 

63 (75) 

21 (25) 

Prior intervention 

    Ketogenic diet, n (%) 

 

1 (1.2) 

FS history 

    Simple febrile seizure, n (%) 

    Complex febrile seizure, n (%) 

    Prolonged febrile seizure before 1yr, n (%) 

 

16 (19) 

1 (1.2) 

2 (2.4) 
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According to the classification by the ILAE, 36 patients (42.9%) were classified 

as FCD type Ⅰ, 26 (31%) as FCD type Ⅱ, and 22 (26.2%) as FCD type Ⅲa 

(Table 2). Patients with FCD type Ⅱ had significantly early onset of epilepsy, a 

higher frequency of seizures per day, and underwent surgery at a significantly 

younger age compared to the other subgroups (P < 0.05). The FCD was located in 

the temporal lobe in 45 patients (53.6%), and in an extratemporal (unilobar) 

location in 32 patients (39.3%). Nearly half of the FCD typeⅠlesions were in the 

temporal lobe, whereas FCD type Ⅱ lesions were located more in the 

extratemporal areas. FCD was involved in multilobar areas in six patients (7.1%).  
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Table 2. Clinical characteristics of patients according to FCD types 

 

  

 FCDⅠ 

(n = 36) 

FCDⅡ 

(n = 26) 

FCDⅢa 

(n = 22) 

P Value 

Age at epilepsy onset  

   mean ± SD, y 

5.12 ± 4.29 3.82 ± 3.66 7.05 ± 4.20 0.028* 

Age at epilepsy surgery  

   mean ± SD, y 

10.88 ± 4.84 8.78 ± 5.72 12.70 ± 4.54 0.031*  

Duration of epilepsy  

   mean ± SD, y 

5.76 ± 4.65 4.96 ± 5.05 5.65 ± 3.38 0.772 

Seizure frequency, n 

Daily 

Weekly 

Monthly to yearly 

 

13 

16 

7 

 

15 

7 

4 

 

3 

17 

2 

<0.01** 

Number of AEDs 

   mean ± SD 

2.69 ± 0.98  2.35 ± 1.2  2.27 ± 1.2   

Temporal location,  

n (%) 

16 (44.4) 8 (30.7) 21 (95.5) <0.01** 

Multilobar involvement,  

n (%) 

4 (11.1) 1 (3.8) 1 (4.5) 0.471 
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Presurgical evaluation 

Electrophysiologic investigations (Table 3) 

Focal spike or sharp wave discharges in interictal scalp EEG was noted in 49 of 

84 patients (58.3%), whereas multifocal or generalized epileptiform discharges in 

18 patients (21.4%). Focal background slowing was noted in 7.1%, interictal 

repetitive epileptiform discharges in 9.5% of patients. Of 76 children who 

underwent video-EEG monitoring, ictal epileptiform discharges were clearly 

lateralized in 52 patients (68.4%). Fifty one of 84 patients (60%) underwent 

intracranial EEG monitoring. 

 

Table 3. Electroencephalographic findings according to FCD types 

 FCDⅠ 

(n = 36) 

FCD II 

(n = 26) 

FCDⅢa 

(n = 22) 

P value 

Interictal epileptiform discharges     

  Single or dominant interictal 

focus, n 

20 17 12 0.345 

  Background slowing, n 3 2 0 0.328 

Ictal video-EEG     

  Clearly lateralized 22/35 13/20 17/21 0.344 

Intracranial EEG monitoring, n (%) 30 (83.3) 15 (57.7) 6 (27.3)  
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Neuroimaging  

Seventy of 84 patients (83.3%) had focal lesion in MRI, whereas 14 patients had 

normal MRI. Seventy percent of FCD typeⅠpatients had focal lesion in MRI. 

There was no significant difference between positive rates in MRI according to 

FCD types. FDG-PET showed concordant focal hypometabolism in 63 patients 

(82.9%), and ictal SPECT showed corcordant ictal hyperperfusion in 28 of 32 

patients (87.5%). MEG-MSI localized interictal spikes closely concordant with the 

ictal onset zone in 88.2% of 17 patients. The sensitivity of FDG-PET scan, ictal 

SPECT, and MEG-MSI in detecting FCD ranges 83 to 88%. There were no 

statistically significant differences in diagnostic sensitivity depending on the FCD 

types (Table 4).  
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Table 4. Diagnostic sensitivity of multimodalities according to FCD types 

 FCDⅠ 

(n = 36) 

FCDⅡ 

(n = 26) 

FCDⅢa 

(n = 22) 

Diagnostic 

sensitivity 

P value 

MRI, n (%) 26 

(72.2) 

24 

(92.3) 

20 

(90.9) 

83.3% 0.061 

Localization of interictal 

spikes in scalp EEG, n (%) 

20 

(55.6) 

17 

(65.4) 

12 

(54.5) 

58.3% 0.687 

FDG-PET, n (%) 28/34 

(82.4) 

15/21 

(71.4) 

20/21 

(95.2) 

82.9% 0.125 

Ictal SPECT, n (%) 12/14 

(85.7) 

8/8 

(100) 

8/10 

(80) 

87.5% 0.454 

MEG-MSI, n (%) 11/12 

(91.7) 

2/3 

(66.7) 

2/2 

(100) 

88.2% 0.468 

Abbreviations: MRI, magnetic resonance imaging; EEG, electroencephalography; 

FDG-PET, fludeoxyglucose-positron emission tomography; SPECT, single-photon 

emission computed tomography; MEG-MSI, magnetoencephalography-magnetic 

source imaging 
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Surgery 

Overview of the type of epilepsy surgery performed in 84 FCD patients are 

shown in Table 5. Temporal lobectomy and frontal lesionectomy were the most 

commonly used procedures. The majority of extratemporal resections involved the 

frontal lobe (n = 21) rather than the parietal (n = 4) and occipital lobes (n = 6). 

Multiple subpial transsections (MST) were conducted in 12 patients based on the 

epileptogenic areas identified by subdural grid evaluation. Thirty percent of 84 

patients had incomplete resection, and dysplastic cortex near the motor or language 

cortex was the most important factor in reason for incomplete resections.  

 

Table 5. Overview of the type of epilepsy surgery performed in 84 FCD 

patients 

 n (%) 

Anterior temporal lobectomy + AH 30 (35.7) 

Anterior temporal lobectomy - AH 4 (4.8) 

Temporal lesionectomy without AH 10 (11.9) 

Extended temporal lobectomy + AH 2 (2.4) 

Frontal lesionectomy 21 (25) 

Parietal lesionectomy 4 (4.8) 

Occipital lesionectomy 6 (6) 

Multilobar lesionectomy 7 (8.3) 

Abbreviations: AH, amylgdalohippocampectomy 
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Surgical outcome 

Overall surgical outcome 

The Kaplan-Meier survival curve shows the probability of seizure freedom in all 

patients after surgery (Figure 2). The distribution of surgical outcomes at 1, 2, 5, 9 

and at last follow-up periods is presented in Figure 3. One year after surgery, 66% 

of patients were classified as Engel I (58% Engel class Ia). The respective outcomes 

were the following: 2 years postoperatively 60% Engel class I (54% Engel class Ia), 

5 years postoperatively 57% Engel class I (45% Engel class Ia), 9 years 

postoperatively 44% Engel class I (33% Engel class Ia), and at the last follow-up 52% 

Engel class I (45% Engel class Ia).  
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Figure 3. Kaplan-Meier plot illustrating chances of postoperative seizure 

freedom in all patients. 
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Figure 4. Outcomes 1, 2, 5, 9 years postoperatively and at last follow up. 

Percentages of patients are given for each Engel class.  
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Surgical outcome according to FCD types  

The Kaplan-Meier survival curve shows that FCD typeⅡ has significantly better 

surgical outcome compared to FCD typeⅠ(Figure 4, P = 0.045). Postoperative 

seizure-free rates according to FCD types are provided in Table 6. At last follow-up 

period, 65.4% of patients with FCD typeⅡ became seizure-free, compared with 

30.6% of patients with FCD typeⅠand 45.5% of those with FCD type Ⅲa.  

 
Figure 5. Kaplan-Meier plot shows that patients with FCD typeⅡ have higher 

seizure-free rate compared to those with FCD typeⅠ. 
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Table 6. Surgical outcome according to FCD types 

 FCDⅠ 

n (%)  

FCDⅡ 

n (%) 

FCD Ⅲa 

n (%)  

Postoperative outcome (last follow-up) 

Engel class Ⅰ 14 (38.9) 17 (65.4) 13 (59.1) 

Engel class Ⅰa 11 (30.6) 17 (65.4) 10 (45.5) 

Engel class Ⅱ 3 (8.3) 0 1 (4.5) 

Engel class Ⅲ 9 (25) 7 (26.9) 3 (13.6) 

Engel class Ⅳ 10 (27.8) 2 (7.7) 5 (22.7) 

Postoperative outcome (5 years) 

Engel class Ⅰ 6 (40) 11 (68.8) 7 (63.6) 

Engel class Ⅰa 3 (18.8) 11 (68.8) 5 (45.5) 

Engel class Ⅱ 2 (18.8) 2 (12.5) 1 (9.1) 

Engel class Ⅲ 4 (25) 3 (18.8) 0 

Engel class Ⅳ 3 (18.8) 0 3 (27.3) 
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Surgical outcome according to unilobar temporal or extra-temporal resection 

Except the multilobar localization of FCD, 47 children had unilobar temporal 

resection, whereas 30 children had extra-temporal resection. Patients who had 

unilobar temporal resection tend to have a high probability of seizure freedom than 

those with extra-temporal resection (P = 0.336, Figure 5).  

 
Figure 6. Kaplan-Meier curve shows a trend toward a better seizure-free 

outcome in patients with unilobar temporal resection. 
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Surgical outcome according to lesional or non-lesional on MRI 

Seventy of 84 patients (83.3%) had focal lesion on MRI, whereas 14 patients had 

normal MRI. Surgical outcome (Engel Ia) was compared between patients with 

focal MRI lesion and those with normal MRI. Patients who have lesion on MRI 

have better seizure-free outcome than those with normal MRI (P = 0.034, Figure 6).  

 
Figure 7. Kaplan-Meier curve shows that patients with focal lesion on MRI 

have better seizure-free outcome than those with normal MRI.  
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Postoperative complications 

Complications related to respective epilepsy surgery occurred in 14 of 84 patients 

(16.7%), and most of them were transient. Postoperative infarctions occurred in five 

patients, and infections in four patients. Three patients had postoperative hematoma 

after intracranial electrode placement, which required emergent decompression. 

Permanent neurologic deficit only included non-disabling visual field defects in 

three patients (Table 7). There was no postoperative mortality. Eight (9.5%) of 84 

patients had a second surgery due to poor seizure outcome. Of 8 patients, only one 

patient achieved Engel class Ia with AED discontinuation, whereas 75% of 8 

patients were classified as Engel class Ⅲ-Ⅳ with polytherapy of AEDs.  

 

Table 7. Complications related to epilepsy surgery 

 n (%) 

Infarction 5 (6) 

Infection (meningitis, wound infections) 4 (4.8) 

Hematoma or bleeding requiring emergent decompression 3 (3.6) 

Visual field defects 3 (3.6) 
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Seizure recurrence 

In 45 patients who had seizure recurrence, 75.6% of the patients had seizure 

recurrence within postoperative 1 year, and 84.5% within postoperative 2 year 

(Figure 7A). Seizures occurred until the tenth postoperative year, but only in a very 

low percentage of patients (2.2%). Looking into the postoperative 1 year in detail, 

most of seizures occurred within postoperative 3 month (Figure 7B).  
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Figure 8. (A) Annual rate of seizure recurrence. (B) Seizure recurrence rate 

within postoperative 1 year. 
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Discontinuation of AEDs 

At the last follow-up of postoperative period, 37 patients (44%) were successfully 

discontinued medication, 38 patients (45.2%) remained on polytherapy, and 9 

patients (11.9%) on monotherapy. Patients could discontinue AED in average 1.5 

years (range 18 days to 5.5 years) after surgery. Chance of AED withdrawal were 

not different according to FCD types (P = 0.24, Figure 8). 

 

 

Figure 9. Proportion of AED treatment group before and after surgery  
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Prognostic factors  

Univariate analyses were performed to identify potential postoperative seizure 

outcome predictors (Table 8). Focal lesion on MRI (P = 0.031), FCDⅡ (P = 0.011), 

complete resection (P < 0.01), no epileptiform discharges in postoperative EEG (P 

< 0.01), and no immediate postoperative seizures (P < 0.01) were significantly 

associated with better postoperative seizure outcome. These factors were analyzed 

by multivariate Cox proportional hazard regression analysis. Two variables 

remained as independent predictors of postoperative seizure-free outcome (Engel Ia) 

were focal lesion on MRI and complete resection (Table 9). 

 

1. Focal lesion on MRI: Patients with visible lesion on MRI were significantly 

associated with better seizure-free outcome (Engel Ia) than patients with 

normal MRI (P = 0.013). 

2. Complete resection: The postoperative seizure-free percentages were 

significantly higher in complete resection group compared to incomplete 

resection group (P < 0.01). 
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Table 8. Clinical variables related to seizure-free outcome (Engel Ia) by 

multivariate analysis 

 

Factors such as age at epilepsy onset, duration of epilepsy, seizure frequency, 

associated pathologies, EEG localization, as well as extent and localization of 

surgical resections did not influence outcome. 

  

Variables OR 95% CI P value 

Focal lesion on MRI 0.47 0.23-0.95 0.037* 

Complete resection 0.34 0.19-0.66 <0.01** 
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Discussion 

Surgical outcome 

We report the long-term surgical outcome of 84 children with pathologically 

proven focal cortical dysplasia. At last follow-up of each patient (minimum follow-

up duration of 2 years), seizure freedom was achieved in 53% of patients after 

surgery. Seizure outcome after epilepsy surgery in FCD patients is favorable that 

approximately 50-75% of patients become completely seizure free after surgery (3-

6). We observed that the surgical procedures have a low complication and mortality 

rate (21). In patients who had postoperative seizures, seizures mainly recurred 

within the first 2 year postoperatively (84.5%), then decreased at a lower rate (2.2%) 

until 9 to 10 years. This is consistent with previous studies that 2-year postoperative 

outcome predicts long-term results on seizures (10, 22). Antiepileptic medications 

were discontinued in 44% of our patients at last follow-up. Other series reported 

that 14-47% of patients were off medication after surgery (23, 24). AED 

discontinuation rates vary due to diverse postoperative management of patients 

depending on individual epilepsy surgery centers. At our epilepsy center, we 

consider tapering antiepileptic medications when there is seizure freedom for 6 

month after the surgery, and no epileptiform discharges on the postoperative EEG. 

Eight of 84 patients (9.5%) had a second epilepsy surgery, but surgical outcome of 

second surgery was unfavorable. The success rate in terms of seizure control after 

second epilepsy surgery has been reported lower than after first surgery that 0-30% 
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of patients became seizure-free (25, 26). Patients who had second surgery 

underwent intracranial EEG monitoring prior to the first epilepsy surgery. Except 

for those who had incomplete resection due to estimated functional deficit after 

surgery, we had plan for complete resection of epileptogenic zone based on 

intracranial studies. We supposed that network of epileptogenic zone of focal 

cortical dysplasia can be larger or more diffuse than we suspected that these 

network regions are not completely sampled by intracranial studies.  

 

Diagnostic sensitivities of preoperative diagnostic modalities 

Prior to the surgery, congruency among presurgical evaluations including 

electrophysiologic studies, MRI, and other functional neuroimaging studies is 

important. We analyzed the diagnostic sensitivities of multiple diagnostic 

modalities. Interictal spikes on scalp EEG were localized to one region in 58.3% of 

patients, and ictal discharges on video-EEG monitoring in 68.4%. This is consistent 

with previous studies that interictal and ictal EEG findings may localize the 

dysplastic area only in 50-68% of patients (27). We assume that focal spikes on 

EEG are not highly accurate to localize epileptogenic zone that EEG localization 

provides a relatively weak prediction on surgical prognosis. MRI is not also 

sufficient to diagnose a substantial proportion of patients with cortical dysplasia, 

particularly those with mild histopathology. In a review of the literature, only 30% 

of FCD I patients has MRI abnormalities compared to 90% of FCD II patients (16, 
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28). In our series, 70% of FCD I patients has focal lesion on MRI, which is higher 

than average suggested by literature. This result could be explained by: (1) 

adjustment of our MRI protocol and sequence for detecting malformation lesions 

(29), (2) high resolution of MRI using high field strength magnets which increases 

detection rate of dysplastic region, (3) multidisciplinary team approach based on 

presurgical assessments. Multidisciplinary team meeting, which consists of 

neurologists, neurosurgeons, and neuroradiologists, provides chance to review MRI 

that subtle abnormalities such as mild blurring of gray-white matter differentiation 

or mild cortical thickness were detected retrospectively. Additional evaluations, 

such as FDG-PET, ictal-SPECT, MEG-MSI are used to increase the detection rate 

of epileptogenic zone in patients with cortical dysplasia. Of 14 patients with normal 

MRI, 11 patients (84.6%) showed hypometabolic region on FDG-PET scans. Nine 

of 10 patients (90%) with normal MRI had localized hyperperfusion in ictal SPECT. 

FDG-PET and ictal SPECT are useful tools to localize epileptogenic zone with 85-

90% positivity for patients with normal MRI (25, 30-32). MEG-MSI has been used 

in relatively small number of patients. However, MEG-MSI showed equivalent 

diagnostic sensitivity localizing the region of epileptogenic zone (33-35). Therefore, 

children with normal MRI need comprehensive evaluation to localize epileptogenic 

zone. Using multiple diagnostic modalities and multidisciplinary team approach, we 

could enhance the detection rate of localizing epileptogenic zone in cortical 

dysplasia patients. 
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Prognostic factors of epilepsy surgery 

Many previous studies postulated that patients with lesions have favorable 

epilepsy surgery outcome (6, 7, 11). In the recent meta-analysis comparing surgical 

outcome in lesional or non-lesional epilepsy, patients with MRI-positive lesion have 

two to three-times higher seizure freedom after surgery than those without 

identifiable lesions (36). We also observed that patients with focal lesion on MRI 

have significantly favorable postoperative outcome. Focal lesion on MRI has 

substantially high chance to be co-located with epileptogenic zone and served as a 

marker to be resected. Therefore, resection of visible lesion is more feasible which 

leads to an effective complete resection. The lower chance of seizure-freedom in 

nonlesional epilepsy patients could be associated with failure to identify 

epileptogenic zone and leads to incomplete resection. Surgical outcome regarding to 

severity of pathology is controversial. In univariate analysis, patient with FCD type

Ⅱ have higher chance of seizure-free after surgery than those with typeⅠ. Severe 

cortical dysplasia is more likely to present as a lesion on MRI than mild dysplasia (2, 

37, 38). Thus, severity of pathology may be related to complete resection of 

identifiable lesion on MRI. (8, 12).  

Consistent with previous studies, we found that complete resection is consistently 

a major prognostic factor associated with favorable surgical outcome (5-7, 9, 21, 

39). Seizure freedom was achieved in 60% of patients who had complete resections, 

but in only 12% with incomplete resection. Thirty percent of 84 patients had 



34 

 

incomplete resection based on either anatomic (MRI) or eletrophysiologic 

(intracranial EEG monitoring) studies. The main cause of incomplete resection was 

overlap of dysplastic lesions with epileptogenic zone and eloquent cortex. 

Dysplastic cortex was often co-localized with the motor or language areas (21, 40). 

MST was conducted in this situation, but we experienced that seizure outcome after 

MST was discouraging (5, 41, 42).  

Contrary to several previous reports, we found that presurgical variables, such as 

age at surgery, duration of epilepsy, seizure frequency, history of febrile seizures, 

presence of intellectual disability were not predictors of postsurgical seizure 

outcome (43, 44). Also EEG localization either by interictal scalp EEG or video-

EEG monitoring did not predict the surgical outcome. Regarding of surgical 

variables, previous studies suggested that temporal lobe localization, or unilobar 

resection have favorable outcomes (42, 45, 46). However, we found no statistically 

significant differences in seizure-free outcome depending on the extent and location 

of resection.  

In conclusion, epilepsy surgery is one of the effective treatment options in 

children with intractable focal epilepsy. Comprehensive presurgical evaluations and 

multidisciplinary team approach enhance the chance for detecting epileptogenic 

region associated with cortical dysplasia. In the future, we need consistent and 

systematic presurgical, or surgical variables to predict postoperative seizure 

outcome and identify ideal candidates for epilepsy surgery. Also we should focus on 



35 

 

refinement of diagnostic strategies identifying epileptogenic zone, and development 

of surgical modalities for complete resection of epileptogenic zone. 
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국문 초록 

   

  국소 피질 이형성증은 현미경적 신경세포 이소증, 피질 층화 이상, 

비정상 신경세포들을 포함하는 피질기형으로 비정상 피질 층화의 존재가 

특징적인 소견이다. 이는 소아에서 난치성 부분 발작의 가장 흔한 

원인으로 알려져 있다. 항뇌전증 약물의 병용 요법으로도 경련이 

조절되지 않는 경우가 흔하여, 이러한 난치성 부분 발작 환자에서 뇌전증 

수술은 경련 조절을 위한 중요한 치료법 중 하나이다. 본 연구는 국소 

피질 이형성증 소아에서 뇌전증 수술 성적 및 예후 예측 인자에 대해 

연구해보고자 한다.  

  2004 년 1 월부터 2013 년 12 월까지 서울대학교 어린이병원에서 

뇌전증 수술을 받은 소아 중 피질 이형성증이 병리학적으로 증명되고, 

수술 후 적어도 2 년 이상 추적 관찰이 가능한 84 명의 환자들을 

대상으로 연구를 진행하였다. 후향적 의무기록 조사를 통해 경련이 

시작한 연령, 경련의 양상, 경련의 빈도, 동반된 인지기능 저하 여부, 

뇌전증 수술을 받은 연령, 수술 전후의 항경련제 복용 개수 등을 

조사하였다. 또한 수술 전에 시행한 뇌파, 뇌자기 공명 영상, 양전자 

단층 촬영, 단일광자 단층 촬영, 자기 뇌도 측정검사결과를 분석하였다. 
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수술명, 수술 후 경련 발생 유무, 경련이 발생한 경우 발생 시기, 

항경련제 중단 여부, 항경련제를 중단한 경우 중단 시기, 수술 관련된 

합병증 및 사망률, 2 차 수술을 받은 경우에 대해 조사하였다.  

  경련의 발병 연령은 평균 5.2 세였으며 뇌전증 수술은 평균 10.7 세에 

받았다. 수술 후 평균 5.2 년 (최소 2.2 년부터 최대 22.6 년까지) 동안 

추적 관찰하였다. 제 2 형 피질 이형성증 환자군은 1 형이나 3 형 

환자군에 비해 경련이 어린 나이에 시작되었으며, 경련의 빈도가 높고, 

뇌전증 수술을 받은 연령도 유의하게 어렸다. 뇌전증 수술 전 시행한 

검사들은 검사 방법에 따라 민감도가 다양하였다. 뇌파 검사를 통해 약 

58-68%에서, 뇌 자기 공명 영상 검사, 양전자 단층 촬영, 단일광자 

단층 촬영을 통해 약 80-90%에서 간질 유발 부위를 국소화 할 수 

있었다. 84 명의 소아 중 수술 후 1 년에는 66%의 환자에서, 수술 후 

2 년에는 60%의 환자에서 경련이 조절되는 좋은 예후를 보였다. 마지막 

추적 관찰 기간을 기준으로 보았을 때에는 약 52%의 환자에서 경련이 

조절되었다(Engel class I). 여러 인자들 가운데, 뇌 자기 공명 영상에서 

국소적인 피질 이형성증 병변이 관찰되거나 완전 절제 수술을 받은 경우 

통계학적으로 유의하게 수술 후 경련 조절에 좋은 예후를 예측할 수 

있었다. 약 30%의 환자에서 완전 절제가 가능하지 않았는데, 가장 

중요한 원인으로 피질 이형성증이 운동 영역을 담당하는 피질과 가까이 
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위치해 있기 때문이었다. 수술 후 경련이 발생한 환자들의 약 84.5%는 

수술 후 2 년 이내에 발생하였으며, 술 후 2 년 이후에는 경련 발생의 

가능성이 낮음을 확인하였다. 84 명 중 44%의 환자에서 항뇌전증 약물을 

중단할 수 있었다.  

  결론적으로, 국소적 피질 이형성증 소아에서 뇌전증 수술 후 50-

60%에서 경련이 조절되는 좋은 예후를 보이며, 수술에 따르는 

합병증이나 사망률의 위험은 낮음을 확인하였다. 수술 전, 또는 수술 

관련된 여러 요인들을 통해 뇌전증 수술 성적을 예측할 수 있다면 수술 

후 좋은 예후를 기대할 수 있는 대상자를 선정하여 경련 조절에 도움을 

줄 수 있을 것이다.  

 

주요어: 피질 이형성증; 뇌전증 수술; 수술 후 경련 조절; 수술 관련 

합병증; 예후 예측 인자 
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