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Summary 
The aim of this study was to quantitatively characterize 
MRI signal-intensity (SI) abnormalities in focal cortical dysplasia 
(FCD) and to compare expert visual lesion delineation with 
objective SI metrics across conventional structural 
MRI sequences and quantitative T1 mapping (qT1). Thirteen 
pediatric patients with histologically confirmed FCD type I or II 
underwent presurgical MRI including 3D T1-weighted,  
T2-weighted, FLAIR, and qT1 sequences. Two expert-defined 
lesion masks were generated: a conservative feature-focused 
mask (L1) and a broader contextual mask reflecting overall 
radiological judgement (L2). Signal-intensity values were 
extracted from lesions, perilesional zones, and contralateral 
homologous regions, and spatial correspondence with the 
resection cavity was evaluated using the Dice score. 
L2 delineations were substantially larger and showed markedly 
higher overlap with resected tissue than L1, suggesting that 
expert contextual assessment captures clinically relevant but 
quantitatively subtle abnormalities. In contrast, L1 showed 
stronger and more consistent SI abnormalities, particularly on 
T2-weighted and FLAIR images, indicating that expert visual 
judgement and quantitative SI metrics do not fully converge. 
Perilesional tissue closely resembled healthy brain, with only 
minimal SI gradients beyond the lesion border. Quantitative 
T1 mapping provided limited additional value over conventional 
T1-weighted imaging for the detection of white-matter 

abnormalities. These findings indicate that expert assessment 
and quantitative MRI capture complementary but non-identical 
aspects of FCD pathology, and suggest that future automated 
detection models should combine quantitative features with 
multiple layers of radiological expertise. 
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Introduction 
 

Focal cortical dysplasia (FCD) is among the 
most common causes of drug-resistant epilepsy in 
children [1-3]. Epilepsy surgery remains the only curative 
treatment capable of achieving long-term seizure freedom 
and early surgical intervention is associated with 
improved cognitive development, psychosocial function, 
and quality of life [4-6]. Postsurgical outcomes vary 
across histopathological subtypes and strongly depend on 
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precise lesion localization and complete resection, with 
FCD type II generally yielding more favorable results 
than type I [4,7-11]. Accurate detection and 
characterization of FCD lesions are therefore crucial for 
pre-surgical planning and prognostic assessment [4,7-10]. 
However, many lesions remain MRI-occult or subtle on 
conventional imaging [12-14]. 

Conventional MRI features of FCD include 
cortical thickening, blurred grey-white matter junction, 
abnormal gyral/sulcal morphology, and subcortical white-
matter signal changes, sometimes accompanied by 
a transmantle sign in type II lesions [3,15-18]. Signal-
intensity abnormalities are commonly observed as 
cortical and subcortical T2w and FLAIR hyperintensity, 
sometimes accompanied by T1w hypointensity 
[15,16,19-21]. However, some lesions, particularly FCD 
type I, show only subtle or ambiguous changes, 
contributing to inter-reader variability and frequent MRI-
negative cases [17,22-24]. 

Advanced imaging methods, including 
quantitative MRI (such as T1 mapping), diffusion-based 
models, and machine-learning approaches, can reveal 
subtle abnormalities not visible on conventional MRI, 
although their integration into routine clinical workflows 
remains limited [25-36]. FDG-PET offers complementary 
metabolic information useful especially in MRI-negative 
cases but does not independently define the epileptogenic 
lesion [23,37]. 

A major unmet need is a robust, objective 
framework for defining the true imaging extent of FCD-
related abnormalities and their margins. Expert 
neuroradiological assessment implicitly integrates two 
different “read-outs”: morphological cues (e.g., blurring, 
cortical thickness, gyral/sulcal distortion) and a distinct 
intensity-based judgement, how abnormal tissue appears 
across sequences, which may better reflect underlying 
tissue composition. Yet the intensity features that actually 
drive expert-defined borders remain poorly standardized 
and have not been systematically linked to quantitative 
signal metrics, leaving it uncertain whether abnormalities 
are confined to the visually defined lesion core or extend 
into adjacent perilesional tissue [20,38]. 

Against this background, we hypothesized that 
expert-defined lesion margins are most closely 
approximated on conventional T1-weighted images, but 
that quantitative T1 mapping can provide a more 
standardized, intensity-based representation of  
FCD-related abnormalities and sharpen lesion-to-tissue 
contrast. We also hypothesized that intensity 

abnormalities may not be restricted to the visually 
defined core, but could extend into perilesional tissue. 
Accordingly, our goal was to map the visually defined 
lesion extent onto objective MRI signal metrics and to 
quantify potential gradients of abnormality from the 
lesion core to surrounding tissue. 
 
Methods 
 
Study Design 

This retrospective single-center study was 
conducted at Motol University Hospital (Prague, Czech 
Republic) between 2021 and 2024. A subset of patients 
had previously been included in other MRI studies by our 
group [7,27,36] but the present analysis focuses 
exclusively on epileptogenic lesion signal abnormalities. 
 
Study cohort 

Pediatric patients with drug-resistant focal 
epilepsy with histologically proven FCD type I or II 
(according to ILAE classification from 2011, resp. 2022) 
[2,39] were enrolled from the cohort described above. 
Inclusion criteria were pediatric age (0-18 years), 
histologically confirmed FCD I/II, MRI-visible lesion, 
and completion of the epilepsy-specific MRI protocol. 
Exclusion criteria were histopathological diagnoses other 
than FCD type I or II. 

The extent of resection was in all cases 
determined by a multidisciplinary team based on 
integrated clinical information and multimodal diagnostic 
data, including seizure semiology, electrophysiological 
findings (scalp EEG and, when indicated, intracranial 
SEEG), and multimodal neuroimaging, which 
consistently included FDG-PET and, in selected cases, 
SISCOM. All patients subsequently underwent 
intraoperative electrocorticography, which was used to 
adjust the resection margins. The minimum follow-up 
duration was 12 months. Clinical variables included 
demographics, epilepsy history, seizure characteristics, 
and postoperative outcome. 
 
MRI acquisition 

All MRI examinations were performed at Motol 
University Hospital, each patient underwent at least two 
scans: one pre-surgical and one post-surgical. Young or 
uncooperative pediatric patients (n=7) were examined 
under general anesthesia following institutional safety 
protocols. 

Pre-surgical imaging was acquired on  
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a 3 T Siemens Magnetom Vida with a 64-channel head 
coil using an epilepsy-optimized protocol, consistent with 
current HARNESS-MRI recommendations [40]. The 
protocol comprised: 3D T1-weighted (T1w),  
3D T2-weighted (T2w) and 3D FLAIR images, and 
quantitative T1 mapping (qT1). Detailed acquisition 
parameters are provided in Supplementary Table 1, and 
the full protocol has been previously published 
[27,36,41]. First post-surgical MRI was performed on 
a 1.5 T Philips Achieva the day after surgery and 
included 3D T1w, 3D T2w, 2D T2w and FLAIR 
sequences (beside others) used for delineation of the 
resection cavity. 
 
MRI analysis 

MRI data of structural sequences T1w, T2w and 
FLAIR and qT1 were processed and then used by reading 
radiologists as source volumes for manual segmentation of 
visible lesions in 3D Slicer (http://www.slicer.org) [42]. 

Five regions of interest (ROIs) were defined in 
this study (Fig. 1): 

1. ROI-L2 (lesion 2): final lesion mask derived from 
expert contextual assessment. 

2. ROI-3: 3-mm perilesional band surrounding ROI-L2. 
3. ROI-3-5: outer 2-mm band immediately beyond 

ROI-3. 

4. ROI-C (contralateral region): anatomically 
mirrored region in the healthy hemisphere. 

5. ROI-Ref (reference region): ipsilateral region distal 
to the lesion with preserved grey-white differentiation. 

Each ROI was automatically segmented into 
grey and white matter. Resected tissue was manually 
delineated by comparing pre- and post-surgical MRIs. 
To obtain inter-reader variability, lesion 1 (ROI-L1) was 
defined as a feature-focused delineation based on a first 
independent reading performed by a radiologist with 
expertise in epilepsy imaging (NP), who analyzed the 
epileptogenic lesions in each structural sequence, without 
prior knowledge of the lesion's location or the 
epileptogenic zone. The analysis concentrated on regions 
exhibiting the most striking MRI features of FCD. 

Delineation of ROI-L2 was performed as 
a second reading by an experienced pediatrics 
neuroradiologist (ZH) specializing in epilepsy patients, 
blinded to ROIs-L1 and post-surgical MRIs but familiar 
with the site of FCD. The analysis incorporated also 
visible changes in white matter volume, subtle changes of 
cortical and white matter signal intensity, took into 
account changes in gyrification and contextual 
knowledge. Manual segmentation was done in T1w 
sequence with slight correction to T2w and FLAIR 
sequences which brought auxiliary information. 

 
 

 
 
Fig. 1. Patient S04, FCD 1A in the left frontal lobe, T1w. (A) 5 regions of interest – lesion 2 (red), contralateral/healthy region (yellow), 
ipsilateral/reference region (blue), perilesional tissue in 3 mm (light green) and 3-5 mm (dark green). (B) Example of automatic 
segmentation of regions into grey (GM, purple) and white matter (WM, orange). 

15_935824_Holubova_SupplTable_1.pdf
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To assess perilesional signal characteristics,  
SI values were additionally analyzed in two concentric 
perilesional bands (0-3 mm and 3-5 mm from the lesion 
border) and compared with the corresponding mirrored 
regions in the contralateral hemisphere. 

The ipsilateral reference region ROI-Ref was 
included to verify that signal characteristics of the 
contralateral mirrored region ROI-C represented normal 
tissue; therefore, SI values in ROI-Ref were 
systematically compared with ROI-C across all sequences 
and tissue compartments. 

The resection cavity was delineated on the early 
postoperative T1-weighted MRI by comparison with the 
preoperative T1-weighted scan. The postoperative image 
was co-registered to the preoperative T1w space, and 
a binary cavity mask was manually segmented in 
3D Slicer and used for overlap analyses. 

Visual conspicuity of lesions on qT1 vs. T1w 
was independently evaluated for each patient by  
an experienced neuroradiologist (ZH) using an ordinal 
scale (0-2) for lesion visibility (0=not visible, 1=visible, 
2=clearly visible) and for overall comparative conspicuity 
between qT1 and T1w (0=worse, 1=equal, 2=better); 
results were analyzed descriptively at the group level. 
 
Statistical analysis 

Signal-intensity (SI) values and ROI volumes 
were extracted in 3D Slicer using the built-in Segment 
Statistics module [42]. For each ROI and sequence, SI was 
defined as the median voxel value calculated for the whole 
ROI as well as separately for voxels segmented as grey or 
white matter. SI contrasts were computed as the difference 
between median SI values of the compared ROIs. 

Primary comparisons were conducted within 
each patient using paired intra-subject analyses to 
minimize inter-scan variability, and group-level analyses 
evaluated the distribution of these within-subject 
contrasts across the cohort and, secondarily, between 
FCD subtypes. Analyses were hypothesis-driven and 
organized into a limited number of pre-specified 
comparison families aligned with the study aims. Paired 
tests (t-test or non-parametric equivalents, as appropriate) 
were used for ROI comparisons, and linear mixed-effects 
models were applied for multilevel analyses; secondary 
subtype-related analyses were interpreted as exploratory. 

Spatial agreement between lesion masks (ROI-
L1, ROI-L2) and the resection cavity was assessed using 
the Dice coefficient. Analyses were performed for whole 
ROIs and separately for grey- and white-matter segments. 

Statistical significance was set at p<0.05. All analyses 
were performed in R (version 4.3.3). 
 
Results 
 
Clinical cohort 

Thirteen pediatric patients (age range 17 months 
– 17 years; mean ± SD = 6.7±4.7 years; 69 % female) 
met inclusion criteria. Seven patients had  
FCD type I and six FCD type II (reclassified according to 
the current ILAE classification). 

Surgical approaches included tailored focal 
resections (n=5), lobar resections (n=3), multilobar 
resections (n=3), and functional hemispherotomy (n=2). 
Three patients underwent invasive monitoring prior to 
surgery. Median epilepsy duration was 2.2 years  
(IQR 3.4), with seizure frequency ranging from several 
per week to dozens per day. The median interval between 
MRI and surgery was 3 months (IQR 2.5). 

Postoperative seizure outcomes were favorable 
in most patients: 10 of 13 achieved ILAE class 1  
at ≥12-month follow-up. Three patients (S04, S05, S09) 
remained in ILAE class 4-5 following deliberate partial 
resections; patient S04 underwent multiple resections and 
had the poorest outcome in the cohort. Detailed 
demographic and clinical data are provided in 
Supplementary Table 2. 
 
3.2. Larger expert-contextual lesion masks better align 
with resection cavity 

A comparison of lesion volumes showed that 
ROI-L2 was consistently and substantially larger than 
ROI-L1 (median 18.2 cm3 vs. 3.0 cm3; p=0.002). Nearly 
all paired observations demonstrated this pattern, 
indicating that the expert-contextual delineation (ROI-L2) 
encompassed a broader extent of abnormal tissue than the 
feature-focused mask (ROI-L1) (Figs 2-4). 

Spatial correspondence with the surgically 
resected tissue differed markedly between the two 
approaches. ROI-L2 achieved significantly higher Dice 
similarity coefficients (median 0.66) compared with  
ROI-L1 (median 0.11; p=0.001), demonstrating 
substantially greater overlap with the resection cavity. 
This effect was consistent across subjects (Figs 2-4). 

Together, these findings indicate that the expert-
contextual delineation (ROI-L2) captures a substantially 
larger volume and more closely aligns with the surgically 
removed tissue than the feature-focused delineation 
(ROI-L1). 

 

15_935824_Holubova_SupplTable_2.pdf
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Fig. 2. (A) Comparison of lesion volumes. Volume of ROIs-L2 is significantly larger than ROIs-L1. ROI-L1 is a subset of ROI-L2 in most 
cases (Figs 3, 4, 10). (B) Spatial correspondence of lesion delineations with the surgically resected tissue. Significantly higher Dice 
similarity coefficients for ROIs-L2. 
 
 

 
 
Fig. 3. Patient S07, FCD 1A in the right frontal lobe, insula and frontal operculum. (A) T1w. Pronounced volume disproportion of  
ROI-L2 vs. ROI-L1, which was targeted at the most striking FCD features (in yellow). Notice volume loss of white matter in right frontal 
lobe, frontal operculum and insula, accompanied by subtle signal changes (in red). Correlation in T2w and FLAIR image (B, C). 
(D) Resection mask in blue displays quite good overlap with ROI-L2. (E) T1w. Follow-up 1 year after surgery. 
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Fig. 4. Patient S04, FCD 1A in the left frontal lobe and insula. (A) T1w. Pronounced volume disproportion of ROI-L2 vs. ROI-L1, which 
was targeted at the most striking FCD features (in yellow). Notice very subtle volume loss of white matter in left frontal lobe, 
accompanied by subtle signal changes (in red). Correlation in T2w and FLAIR image (B, C). (D) Resection masks in blue – repeated 
surgeries gradually extended over the frontal lobe and insula reaching very good overlap with ROI-L2. (E) T1w. Follow-up 9 months 
after the last surgery. ROI-R1, ROI-R2, ROI-R3 – resection masks of the 1st, 2nd and 3rd surgery 
 
 
Ipsilateral reference region is comparable to healthy brain 

Signal intensities in the ipsilateral reference 
region ROI-Ref did not differ from those in the 
contralateral region ROI-C across any MRI sequence or 
tissue class (all p>0.41), with near-identical median 
SI distributions (Fig. S1, Table S3). The absence of 
detectable SI differences remained consistent when 
analyzing grey and white matter separately. These 
findings confirm that the reference region closely 
matches the contralateral healthy tissue and does not 
provide additional information beyond ROI-C. 
Consequently, subsequent analyses focus on comparisons 
with the contralateral region. 

Signal-intensity differences between lesions and healthy 
tissue 
Feature-focused lesion mask (ROI-L1) demonstrates 
increased signal intensity relative to contralateral 
healthy tissue 

ROI-L1 showed consistently higher SI than the 
contralateral region across the cohort. The strongest 
differences were observed on T2w and FLAIR images, 
where both mean and median SI were significantly 
elevated (p<0.017; Fig. 5). These effects were preserved 
in both GM- and WM-only analyses, with the WM-only 
comparison showing the most stable and least variable 
contrast (p=0.003). For qT1, significant differences 

15_935824_Holubova_SupplTable_3.pdf
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between ROI-L1 and ROI-C emerged only in the  
WM-only analysis (p<0.05). 
 
White matter signal abnormality is the distinctive factor 
for expert-contextual lesion masks 

Compared with ROI-L1, the expert-contextual 
mask (ROI-L2) showed weaker and less consistent 
SI deviations from healthy tissue. In whole-volume 
analyses, none of the sequences reached statistical 
significance, although T2w, FLAIR, and qT1 demons-
trated trends toward higher SI (p=0.06-0.09). In WM-
only analyses, SI was significantly elevated in  
ROI-L2 for both T2w (p<0.007) and FLAIR (p<0.002), 
whereas GM-only analyses showed no significant 
differences. For qT1, significant WM-only differences 
were again observed (p=0.03) (Fig. 6). 
 
Grey matter signal abnormality is the distinctive factor 
between lesion masks 

Direct comparison of the two lesion masks 
revealed modest but sequence-dependent SI differences. 
In whole-volume analyses, ROI-L1 and ROI-L2 differed 
significantly only on T2w and FLAIR, with small effect 
sizes. WM-only analyses did not show significant 
differences (trend for T2w: p=0.06), whereas GM-only 
analyses demonstrated marked differences on both  
T2w (p<0.0001) and FLAIR (p=0.0014). These findings 
indicate that the most pronounced distinction between 
ROI-L1 and ROI-L2 arises from grey-matter 
SI abnormalities (Fig. 7). 

Across sequences, T2w and FLAIR provided the 
clearest lesion-lesion contrast, while T1w and 
qT1 showed weaker or absent differences. 
 
Better conspicuity of FCD type II at the white-matter level 

Across most comparisons, SI contrasts showed 
only limited differences between FCD type I and II. For 
the ROI-L1 vs. ROI-C and ROI-L1 vs. ROI-L2 metrics, 
contrasts tended to be slightly higher in FCD II, but none 
reached statistical significance. 

More distinct subtype effects were observed for 
the ROI-L2 vs. ROI-C contrast in the WM-only analyses. 
Here, FLAIR (p=0.026) and T2w (p=0.031) demonstrated 
significantly greater SI contrast in FCD II compared with 
FCD I, while qT1 showed a similar trend but with high 
variability. T1w provided minimal discriminatory value 
across subregions (Fig. 8, Fig. 9). 
 
 

Characteristics of perilesional tissue 
Lesion core shows a sharp signal transition at the lesion 
boundary 

Across all MRI sequences, SI differed significantly 
between ROI-L2 and the immediate 3-mm perilesional zone 
(ROI-3), with the largest effects on T2w and FLAIR (linear 
mixed-effects model; Fig. 10). SI values progressively 
approached normal tissue with increasing distance from the 
lesion. No significant differences were observed between 
ROI-3 and ROI-3-5 in any sequence, indicating that the 
principal SI change occurs at the lesion boundary. 
T1w showed minimal gradients. 

The same analysis performed in the contralateral 
hemisphere did not demonstrate any significant 
SI gradients between ROI-C and its adjacent zones across 
sequences, confirming that the observed ipsilateral 
gradients are pathology-specific rather than reflecting 
normal anatomical variation. 
 
Perilesional tissue shows signal intensity comparable to 
healthy brain 

For T2w, FLAIR and qT1, SI contrast between 
ROI-L2 and perilesional tissue was significantly greater 
than the contrast between perilesional tissue and ROI-C 
(p≈0.037-0.046; Fig. 11). The perilesional-to-contralateral 
contrast approached zero across sequences, indicating that 
perilesional tissue more closely resembles healthy brain 
than the lesion core. No such effects were observed on 
T1w. 
 
Perilesional tissue does not significantly differ among 
FCD types 

SI contrast between ROI-L2 and perilesional 
tissue was consistently larger in FCD type II than in 
type I across sequences and zones, although none of the 
comparisons reached statistical significance (all p>0.1). 
The greatest subtype separation was observed on qT1, 
where median contrasts were nearly doubled in FCD II. 
T1w showed similar but smaller trends, while T2w and 
FLAIR displayed only subtle differences (Fig. 12). 
 
Limited added value of qT1 at the white-matter level 

qT1 imaging was available in 8 of 13 patients 
(balanced across FCD types I and II). Visual assessment 
showed comparable lesion conspicuity between qT1 and 
T1w in half of the cases, with qT1 providing better 
visibility in two patients and worse visibility in two 
others (Fig. 13). 

In quantitative analyses, significant SI diffe-
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rences on qT1 were present only in WM-only 
comparisons between the lesion masks (ROI-L1 or  
ROI-L2) and the contralateral region (p<0.05 and p=0.03, 
respectively). qT1 also differentiated the lesion from 

perilesional tissue more effectively than T1w (p=0.037) 
and showed greater perilesional contrast in patients with 
FCD type II. No comparable differences were observed 
on T1w. 

 

 
 
Fig. 5. Difference in signal intensities ROI-L1 vs. ROI-C. (A) Whole volume analysis. (B) WM-only analysis. (C) GM-only analysis.  
*/** – degree of significance, p value of 2 or 3 decimals. 
 

 
 
Fig. 6. Difference in signal intensities ROI-L2 vs. ROI-C. (A) Whole volume analysis. (B) WM-only analysis. (C) GM-only analysis.  
*/** – degree of significance, p value of 2 or 3 decimals. 
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Fig. 7. Difference in signal intensities ROI-L1 vs. ROI-L2. (A) Whole volume analysis. (B) WM-only analysis. (C) GM-only analysis.  
*/**/*** – degree of significance, p value of 2, 3 or 4 decimals. 
 

 
 
Fig. 8. Difference in signal intensities ROI-L2 vs. ROI-C between FCD type I and II. (A) Whole volume analysis. (B) WM-only analysis. 
(C) GM-only analysis. * – degree of significance, p value of 2 decimals. 
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Fig. 9. Patients S08 and S11, FCD 2B. (A) Patient S08. T1w. FCD 2B with classical features – thickened cortex with signal changes, 
maximum changes at the bottom of sulcus, conspicuous signal changes of subcortical white matter and transmantle sign. Correlation in 
T2w and FLAIR image (B, C). (D) Resection mask in blue – quite good overlap with ROI-L1 and ROI-L2. (E) Patient S11. T1w. Example 
of very poor correlation of ROI-L1 and ROI-L2. Notice that resection area is 2-3 times bigger than ROI-L2. ROI-L1 – yellow, ROI-L2 – 
red, ROI-R – resection mask, blue. 
 

 
 
Fig. 10. Lesion core vs. perilesional zones. Differences were significant across all sequences in the linear mixed-effects model. The 
most prominent SI change occurred between the lesion and ROI-3 – at lesion boundary. */*** – degree of significance, p value of 2 or 
4 decimals. 
 

 
 
Fig. 11. Similarity of perilesional tissue to lesion core vs. healthy tissue. (A) 3-mm perilesional band surrounding ROI-L2 (ROI-3). (B) Outer 2-
mm band immediately beyond ROI-3 (ROI-3-5). In T2w, FLAIR, and qT1 sequences, a significantly larger SI contrast between lesion and 
perilesional zones was observed than in contralateral region and the same zones. * – degree of significance, p value of 2 decimals. 
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Fig. 12. Differences between FCD type I and type II in perilesional tissue. (A) 3-mm perilesional band surrounding ROI-L2 (ROI-3). 
(B) Outer 2-mm band immediately beyond ROI-3 (ROI-3-5). SI contrast between ROI-L2 and perilesional tissue does not significantly 
differ between FCD type I and II. 
 

 
 
Fig. 13. Patients S01 and S07, FCD 1A. (A) T1w, qT1. Visual assessment of lesion conspicuity. Blurring and signal changes can be 
better appreciated on qT1 (right). (B) T1w, qT1. Visual assessment of lesion conspicuity. Blurring and signal changes can be better 
appreciated on T1w (left). 
 
 
Discussion 
 

Complete resection of dysplastic tissue is critical 
for achieving seizure freedom in children with FCD 
[43,44]. However, many lesions, especially type I, remain 
subtle or MRI-negative, leading to inter-reader variability 
and reliance on expert judgement [11,15,45]. We 
therefore examined how lesion delineation strategies and 
quantitative SI metrics relate to surgical resections and 
tissue compartments to clarify which imaging features 
best define the epileptogenic lesion. 

In line with prior work, our results showed that 
T2-weighted and FLAIR imaging provided the strongest 
signal-intensity differences between FCD lesions and 
healthy tissue, consistent with their established sensitivity 

to cortical and subcortical abnormalities in FCD, 
particularly type II [15,38,45]. Although T1-weighted 
imaging remains the preferred sequence for estimating 
lesion extent in clinical practice and forms the backbone 
of HARNESS-MRI protocols [40], its quantitative 
contrast between dysplastic and normal tissue was 
comparatively weak. Quantitative T1 mapping 
demonstrated higher sensitivity than T1w in white-
matter–only analyses, a finding that may reflect 
underlying microstructural alterations, yet qT1 did not 
outperform T2w/FLAIR nor differentiate lesion 
definitions robustly [26,46]. Together, these results 
underscore the dominant role of T2w and FLAIR contrast 
in detecting lesional tissue, while also suggesting 
a complementary, although limited, role for qT1 in 
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characterizing white-matter abnormalities. 

Our findings demonstrated that GM abnorma-
lities were primarily responsible for the strongest 
differences between the two lesion masks, consistent with 
the cortical origin and histopathological characteristics of 
FCD [2,17,39]. In contrast, WM abnormalities remained 
detectable across both lesion definitions and 
MRI sequences, suggesting that WM alterations reflect 
broader network-level or radial pathology extending 
beyond the cortical ribbon [29,38,47]. These observations 
align with diffusion MRI studies showing widespread 
microstructural abnormalities in WM tracts associated with 
FCD, even when cortical changes are subtle. Together, the 
differential behavior of GM and WM underscores the 
value of assessing tissue compartments separately rather 
than relying solely on whole-volume masks. 

The two lesion delineation strategies captured 
complementary aspects of the epileptogenic zone. The 
feature-focused mask (ROI-L1) showed stronger and 
more consistent signal-intensity differences relative to 
healthy tissue, indicating that it primarily reflects the 
most conspicuous dysplastic features. However, ROI-L1 
exhibited limited spatial correspondence with surgically 
resected tissue. In contrast, the expert-contextual mask 
(ROI-L2) was substantially larger and more 
heterogeneous yet demonstrated markedly better overlap 
with the resection cavity, highlighting the importance of 
integrating subtle white-matter abnormalities, gyral 
morphology and contextual anatomical cues, elements 
known to influence expert detection of FCD [10,40,45]. 
Resection cavity overlap should be interpreted as 
concordance with the clinically targeted resection rather 
than a direct ground-truth measure of the epileptogenic 
zone, which is shaped by multimodal presurgical 
evaluation and surgical feasibility. Moreover, expert 
delineations may inform surgical decision-making, so 
overlap metrics reflect agreement with real-world 
practice rather than an independent validation standard. 
This divergence between quantitative contrast and 
surgical relevance suggests that high SI differences alone 
are insufficient to define the true extent of epileptogenic 
tissue. It also carries implications for automated detection 
methods, which often prioritize voxel-wise intensity 
abnormalities and may therefore fail to capture the 
broader expert-derived pattern that underlies clinically 
meaningful lesion delineation [34,48]. 

Contrary to our initial hypothesis, perilesional 
tissue exhibited signal-intensity values much closer to 
contralateral healthy brain than to the lesion core across 

T2w, FLAIR and qT1 sequences. This pattern suggests 
that the dysplastic abnormality is sharply confined to the 
lesional zone, with minimal measurable extension into 
the immediately adjacent cortex or white matter. Prior 
imaging and histopathological studies similarly describe 
relatively abrupt transitions between dysplastic and non-
dysplastic tissue in many cases of FCD, particularly 
type II [49,50]. The absence of corresponding gradients 
in the contralateral hemisphere further supports the 
specificity of this effect. From a radiological perspective, 
these findings underscore that SI-based perilesional 
abnormalities may not reliably indicate extended 
dysplastic tissue and should be interpreted cautiously 
when estimating lesion margins or surgical boundaries. 

Signal‐intensity contrasts were generally greater in 
FCD type II than in type I, particularly in white‐matter-only 
analyses of T2w and FLAIR sequences, consistent with the 
more conspicuous imaging phenotype typically associated 
with type II lesions [2,17,38]. qT1 demonstrated similar 
subtype trends but with substantial variability, reflecting 
heterogeneous microstructural features across dysplasia 
types [16,46,49]. Overall, the limited group differences 
observed in quantitative SI analysis highlight the known 
variability of imaging expression in FCD, especially in 
type I, where abnormalities are often subtle or non-specific 
and may not produce robust quantitative signal deviations. 

This study has several limitations. First, the 
modest cohort size reflects the rarity of histologically 
confirmed pediatric focal cortical dysplasia and our 
inclusion of protocol-consistent, single-scanner 
examinations within a single epilepsy surgery program. 
Although comparable to prior imaging studies, this 
reduced statistical power and precluded definitive 
subtype-specific comparisons. Subtype analyses were 
therefore treated as exploratory and should be interpreted 
cautiously. Second, automatic GM-WM segmentation 
may be less reliable at the lesion boundary, where cortical 
architecture is abnormal and tissue contrast is reduced, 
potentially affecting boundary-based estimates [51]. 
Third, quantitative T1 mapping was available only in  
a subset of patients, which may limit the generalizability 
of qT1-related findings. Fourth, lesion delineation relied 
on expert readers and thus incorporates subjectivity; this 
is inherent to current clinical practice and aligns with 
evidence of substantial inter-reader variability in FCD 
detection [14,45]. Finally, the single-center, retrospective 
design and protocol-specific acquisition parameters may 
limit generalization to other institutions or scanner 
platforms. 
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These constraints are particularly relevant when 
interpreting discrepancies between voxel-wise intensity 
metrics and expert-defined lesion extent: intensity-based 
measures may not fully capture the contextual and 
morphology-informed features used in clinical reading 
[14,40,45]. Future work should therefore evaluate 
multimodal approaches that combine quantitative metrics 
with contextual and morphological information in larger, 
multi-center datasets [34,48]. 
 
Conclusions 
 

In summary, our results indicate that expert 
neuroradiological assessment and quantitative signal-
intensity metrics capture complementary aspects of 
pediatric FCD on MRI. Conventional T1-weighted 
imaging most closely reflects the visually defined lesion 
margins used in clinical reading, whereas quantitative 
measures, particularly qT1 where available, provide 
a more standardized, intensity-based description and may 
improve lesion-to-tissue contrast. Importantly, intensity-
derived abnormalities were largely confined to the 
visually defined lesion core and its immediate boundary, 
with perilesional bands approaching contralateral values. 
Quantifying lesion-to-tissue gradients therefore provides 
an objective framework to evaluate whether MRI signal 
abnormalities extend beyond expert-defined margins. 
Together, these findings address the unmet need for an 
objective definition of clinically relevant imaging-defined 
lesion extent and suggest that future automated or semi-

automated tools should integrate quantitative metrics with 
morphology- and context-informed features to 
approximate expert judgement more faithfully. 
 
Conflict of Interest 
There is no conflict of interest. 
 
Acknowledgements 
This work was supported by the Czech Health Research 
Council (grant numbers NW25-08-00371 to J.O.,  
NU21-08-00228 to M.K., NW25-04-00427 to P.K.).  
Additional support of this work was provided  
through project nr. LX22NPO5107 (MEYS):  
Financed by European Union – Next Generation EU,  
and supported by ERDF-Project Brain dynamics, No. 
CZ.02.01.01/00/22_008/0004643. Access to CESNET 
data storage facilities provided by the project „e-INFRA 
CZ“ under the program „Projects of Large Research, 
Development, and Innovations Infrastructures“ 
LM2018140), is also greatly appreciated. 
 
Abbreviations 
DTI, diffusion tensor imaging; FCD, focal cortical 
dysplasia; FLAIR, fluid-attenuated inversion recovery; 
GM, grey matter; SEEG, stereoelectroencephalography; 
SI, signal intensity; SISCOM, Subtraction Ictal SPECT 
coregistered to MRI; SPECT, single-photon emission 
computed tomography; qT1, quantitative T1 mapping; 
T1w, T1-weighted; T2w, T2-weighted; WM, white 
matter. 

 
References 
 
1. Blumcke I, Spreafico R, Haaker G, Coras R, Kobow K, Bien CG, et al. Histopathological Findings in Brain Tissue 

Obtained during Epilepsy Surgery. N Engl J Med 2017;377:1648-1656. https://doi.org/10.1056/NEJMoa1703784 
2. Blümcke I, Thom M, Aronica E, Armstrong DD, Vinters HV, Palmini A, et al. The clinicopathologic spectrum of 

focal cortical dysplasias: A consensus classification proposed by an ad hoc Task Force of the ILAE Diagnostic 
Methods Commission1. Epilepsia 2011;52:158-174. https://doi.org/10.1111/j.1528-1167.2010.02777.x 

3. Severino M, Geraldo AF, Utz N, Tortora D, Pogledic I, Klonowski W, et al. Definitions and classification of 
malformations of cortical development: practical guidelines. Brain 2020;143:2874-2894. 
https://doi.org/10.1093/brain/awaa174 

4. Kral T, Clusmann H, Blumcke I, Fimmers R, Ostertun B, Kurthen M, Schramm J. Outcome of epilepsy surgery in 
focal cortical dysplasia. J Neurol Neurosurg Psychiatry 2003;74:183-188. https://doi.org/10.1136/jnnp.74.2.183 

5. Kim YH, Kang HC, Kim DS, Kim SH, Shim KW, Kim HD, Lee JS. Neuroimaging in identifying focal cortical 
dysplasia and prognostic factors in pediatric and adolescent epilepsy surgery. Epilepsia 2011;52:722-727. 
https://doi.org/10.1111/j.1528-1167.2010.02950.x 

6. Belohlavkova A, Jezdik P, Jahodova A, Kudr M, Benova B, Maulisova A, et al. Evolution of pediatric epilepsy 
surgery program over 2000-2017: Improvement of care? Eur J Paediatr Neurol 2019;23:456-465. 
https://doi.org/10.1016/j.ejpn.2019.04.002 



610   Holubová et al.  Vol. 75 
 
 
7. Splitkova B, Mackova K, Koblizek M, Holubova Z, Kyncl M, Bukacova K, et al. A new perspective on 

drug‐resistant epilepsy in children with focal cortical dysplasia type 1: From challenge to favorable outcome. 
Epilepsia 2025;66:632-647. https://doi.org/10.1111/epi.18237 

8. Kudr M, Janca R, Jahodova A, Belohlavkova A, Ebel M, Bukacova K, et al. Epilepsy surgery  
in children with operculoinsular epilepsy: Results of a large unicentric cohort. Epilepsia 2025;66:444-457. 
https://doi.org/10.1111/epi.18185 

9. Seong MJ, Choi SJ, Joo EY, Shon YM, Seo DW, Hong SB, Hong SC. Surgical outcome and prognostic factors in 
epilepsy patients with MR-negative focal cortical dysplasia. PLoS One 2021;16:e0249929. 
https://doi.org/10.1371/journal.pone.0249929 

10. Hong S-J, Bernhardt BC, Schrader D, Caldairou B, Bernasconi N, Bernasconi A. MRI-Based Lesion Profiling of 
Epileptogenic Cortical Malformations. In: Medical Image Computing and Computer-Assisted Intervention - 
MICCAI 2015. Springer International Publishing, 2015, pp 501-509. https://doi.org/10.1007/978-3-319-24571-
3_60 

11. Wagner J, Urbach H, Niehusmann P, Von Lehe M, Elger CE, Wellmer J. Focal cortical dysplasia type IIb: 
Completeness of cortical, not subcortical, resection is necessary for seizure freedom. Epilepsia 2011;52:1418-1424. 
https://doi.org/10.1111/j.1528-1167.2011.03158.x 

12. Wellmer J, Quesada CM, Rothe L, Elger CE, Bien CG, Urbach H. Proposal for a magnetic resonance imaging 
protocol for the detection of epileptogenic lesions at early outpatient stages. Epilepsia 2013;54:1977-1987. 
https://doi.org/10.1111/epi.12375 

13. Kim DW, Kim S, Park S-H, Chung C-K, Lee SK. Comparison of MRI features and surgical outcome among the 
subtypes of focal cortical dysplasia. Seizure 2012;21:789-794. https://doi.org/10.1016/j.seizure.2012.09.006 

14. Hong S-J, Kim H, Schrader D, Bernasconi N, Bernhardt BC, Bernasconi A. Automated detection of cortical dysplasia 
type II in MRI-negative epilepsy. Neurology 2014;83:48-55. https://doi.org/10.1212/WNL.0000000000000543 

15. Colombo N, Salamon N, Raybaud C, Özkara Ç, Barkovich AJ. Imaging of malformations of cortical 
development. Epileptic Disord 2009;11:194-205. https://doi.org/10.1684/epd.2009.0262 

16. Widdess‐Walsh P, Diehl B, Najm I. Neuroimaging of Focal Cortical Dysplasia. J Neuroimaging 2006;16:185-196. 
https://doi.org/10.1111/j.1552-6569.2006.00025.x 

17. Krsek P, Maton B, Korman B, Pacheco‐Jacome E, Jayakar P, Dunoyer C, et al. Different features of 
histopathological subtypes of pediatric focal cortical dysplasia. Ann Neurol 2008;63:758-769. 
https://doi.org/10.1002/ana.21398 

18. Macdonald-Laurs E, Warren AEL, Francis P, Mandelstam SA, Lee WS, Coleman M, et al. The clinical, imaging, 
pathological and genetic landscape of bottom-of-sulcus dysplasia. Brain 2024;147:1264-1277. 
https://doi.org/10.1093/brain/awad379 

19. Colombo N, Tassi L, Deleo F, Citterio A, Bramerio M, Mai R, Sartori I, Cardinale F, Lo Russo G, Spreafico R. 
Focal cortical dysplasia type IIa and IIb: MRI aspects in 118 cases proven by histopathology. Neuroradiology 
2012;54:1065-1077. https://doi.org/10.1007/s00234-012-1049-1 

20. Hong S-J, Bernhardt BC, Caldairou B, Hall JA, Guiot MC, Schrader D, et al. Multimodal MRI profiling of focal 
cortical dysplasia type II. Neurology 2017;88:734-742. https://doi.org/10.1212/WNL.0000000000003632 

21. Liu Z, Hu W, Sun Z, Wang X, Liu L, Shao X, et al. MRI Abnormalities Predominate in the Bottom Part of the 
Sulcus with Type II Focal Cortical Dysplasia: A Quantitative Study. AJNR Am J Neuroradiol 2019;40:184-190. 
https://doi.org/10.3174/ajnr.A5919 

22. Urbach H, Kellner E, Kremers N, Blümcke I, Demerath T. MRI of focal cortical dysplasia. Neuroradiology 
2022;64:443-452. https://doi.org/10.1007/s00234-021-02865-x 

23. Juhász C, John F. Utility of MRI, PET, and ictal SPECT in presurgical evaluation of non-lesional pediatric 
epilepsy. Seizure 2020;77:15-28. https://doi.org/10.1016/j.seizure.2019.05.008 

24. Vézina LG. MRI‐negative epilepsy: Protocols to optimize lesion detection. Epilepsia 2011;52:25-27. 
https://doi.org/10.1111/j.1528-1167.2011.03147.x 

25. Adler S, Lorio S, Jacques TS, Benova B, Gunny R, Cross JH, et al. Towards in vivo focal cortical dysplasia 
phenotyping using quantitative MRI. Neuroimage Clin 2017;15:95-105. https://doi.org/10.1016/j.nicl.2017.04.017 



2026  MRI Signal Features in Pediatric Focal Cortical Dysplasia    611  
 

26. Lutti A, Dick F, Sereno MI, Weiskopf N. Using high-resolution quantitative mapping of R1 as an index of cortical 
myelination. NeuroImage 2014;93:176-188. https://doi.org/10.1016/j.neuroimage.2013.06.005 

27. Kala D, Prysiazhniuk Y, Michal L, Šanda J, Holubová Z, Kudr M, et al. Abnormalities of thalamus and 
thalamocortical pathways in patients with refractory epilepsy caused by focal cortical dysplasia - MRI study. 
Epilepsia Open 2025;10:1505-1518. https://doi.org/10.1002/epi4.70109 

28. Gennari AG, Cserpan D, Stefanos-Yakoub I, Kottke R, O'Gorman Tuura R, Ramantani G. Diffusion tensor 
imaging discriminates focal cortical dysplasia from normal brain parenchyma and differentiates between focal 
cortical dysplasia types. Insights Imaging 2023;14:36. https://doi.org/10.1186/s13244-023-01368-y 

29. Winston GP, Micallef C, Symms MR, Alexander DC, Duncan JS, Zhang H. Advanced diffusion imaging 
sequences could aid assessing patients with focal cortical dysplasia and epilepsy. Epilepsy Res 2014;108:336-339. 
https://doi.org/10.1016/j.eplepsyres.2013.11.004 

30. Lorio S, Adler S, Gunny R, D'Arco F, Kaden E, Wagstyl K, et al. MRI profiling of focal cortical dysplasia using 
multi‐compartment diffusion models. Epilepsia 2020;61:433-444. https://doi.org/10.1111/epi.16451 

31. Huppertz H-J, Grimm C, Fauser S, Kassubek J, Mader I, Hochmuth A, et al. Enhanced visualization of blurred gray-
white matter junctions in focal cortical dysplasia by voxel-based 3D MRI analysis. Epilepsy Res 2005;67:35-50. 
https://doi.org/10.1016/j.eplepsyres.2005.07.009 

32. House PM, Lanz M, Holst B, Martens T, Stodieck S, Huppertz H-J. Comparison of morphometric analysis based 
on T1- and T2-weighted MRI data for visualization of focal cortical dysplasia. Epilepsy Res 2013;106:403-409. 
https://doi.org/10.1016/j.eplepsyres.2013.06.016 

33. Adler S, Wagstyl K, Gunny R, Ronan L, Carmichael D, Cross JH, et al. Novel surface features for automated 
detection of focal cortical dysplasias in paediatric epilepsy. Neuroimage Clin 2017;14:18-27. 
https://doi.org/10.1016/j.nicl.2016.12.030 

34. Jin B, Krishnan B, Adler S, Wagstyl K, Hu W, Jones S, et al. Automated detection of focal cortical dysplasia type II 
with surface‐based magnetic resonance imaging postprocessing and machine learning. Epilepsia 2018;59:982-992. 
https://doi.org/10.1111/epi.14064 

35. Kersting LN, Walger L, Bauer T, Gnatkovsky V, Schuch F, David B, et al. Detection of focal cortical dysplasia: 
Development and multicentric evaluation of artificial intelligence models. Epilepsia 2025;66:1165-1176. 
https://doi.org/10.1111/epi.18240 

36. Šanda J, Holubová Z, Kala D, Jiránková K, Kudr M, Masák T, et al. A comparative analysis of imaging-based 
algorithms for detecting focal cortical dysplasia type II in children. Sci Rep 2025;15:29946. 
https://doi.org/10.1038/s41598-025-16015-3 

37. Kudr M, Krsek P, Marusic P, Tomasek M, Trnka J, Michalova K, et al. SISCOM and FDG‐PET in patients with 
non‐lesional extratemporal epilepsy: correlation with intracranial EEG, histology, and seizure outcome. Epileptic 
Disord 2013;15:3-13. https://doi.org/10.1684/epd.2013.0560 

38. Widjaja E, Blaser S, Miller E, Kassner A, Shannon P, Chuang SH, et al. Evaluation of Subcortical White Matter 
and Deep White Matter Tracts in Malformations of Cortical Development. Epilepsia 2007;48:1460-1469. 
https://doi.org/10.1111/j.1528-1167.2007.01105.x 

39. Najm I, Lal D, Alonso Vanegas M, Cendes F, Lopes‐Cendes I, Palmini A, et al The ILAE consensus classification 
of focal cortical dysplasia: An update proposed by an ad hoc task force of the ILAE diagnostic methods 
commission. Epilepsia 2022;63:1899-1919. https://doi.org/10.1111/epi.17301 

40. Bernasconi A, Cendes F, Theodore WH, Gill RS, Koepp MJ, Hogan RE, et al. Recommendations for the use of 
structural magnetic resonance imaging in the care of patients with epilepsy: A consensus report from the 
International League Against Epilepsy Neuroimaging Task Force. Epilepsia 2019;60:1054-1068. 
https://doi.org/10.1111/epi.15612 

41. Kynčl M, Holubová Z, Tintěra J, Profantová N, Šanda J, Kala D, et al. Doporučení pro strukturální zobrazení MR 
mozku v diagnostice epilepsie. Cesk Slov Neurol N 2023;86:18-24. https://doi.org/10.48095/cccsnn202318 

42. Fedorov A, Beichel R, Kalpathy-Cramer J, Finet J, Fillion-Robin J-C, Pujol S, et al. 3D Slicer as an image 
computing platform for the Quantitative Imaging Network. Magn Reson Imaging 2012;30:1323-1341. 
https://doi.org/10.1016/j.mri.2012.05.001 



612   Holubová et al.  Vol. 75 
 
 
43. Krsek P, Pieper T, Karlmeier A, Hildebrandt M, Kolodziejczyk D, Winkler P, et al. Different presurgical 

characteristics and seizure outcomes in children with focal cortical dysplasia type I or II. Epilepsia 2009;50:125-137. 
https://doi.org/10.1111/j.1528-1167.2008.01682.x 

44. Jayakar P, Gaillard WD, Tripathi M, Libenson MH, Mathern GW, Cross JH. Diagnostic test  
utilization in evaluation for resective epilepsy surgery in children. Epilepsia 2014;55:507-518. 
https://doi.org/10.1111/epi.12544 

45. Wagner J, Weber B, Urbach H, Elger CE, Huppertz H-J. Morphometric MRI analysis improves detection of focal 
cortical dysplasia type II. Brain 2011;134:2844-2854. https://doi.org/10.1093/brain/awr204 

46. Nöth U, Gracien RM, Maiworm M, Reif PS, Hattingen E, Knake S, et al. Detection of cortical malformations 
using enhanced synthetic contrast images derived from quantitative T1 maps. NMR Biomed 2020;33:e4203. 
https://doi.org/10.1002/nbm.4203 

47. Lee DA, Lee H-J, Kim HC, Park KM. Alterations of structural connectivity and structural co-variance network in 
focal cortical dysplasia. BMC Neurol 2021;21:330. https://doi.org/10.1186/s12883-021-02358-7 

48. Gill RS, Lee H-M, Caldairou B, Hong S-J, Barba C, Deleo F, et al. Multicenter Validation of  
a Deep Learning Detection Algorithm for Focal Cortical Dysplasia. Neurology 2021;97:e1571-e1582. 
https://doi.org/10.1212/WNL.0000000000012698 

49. Colombo N, Tassi L, Galli C, Citterio A, Lo Russo G, Scialfa G, Spreafico R. Focal Cortical Dysplasias: MR Imaging, 
Histopathologic, and Clinical Correlations in Surgically Treated Patients with Epilepsy. AJNR Am J Neuroradiol 
2003;24:724-733. 

50. Lerner JT, Salamon N, Hauptman JS, Velasco TR, Hemb M, Wu JY, et al. Assessment and surgical outcomes for 
mild type I and severe type II cortical dysplasia: A critical review and the UCLA experience. Epilepsia 
2009;50:1310-1335. https://doi.org/10.1111/j.1528-1167.2008.01998.x 

51. Smith SM. Fast robust automated brain extraction. Hum Brain Mapp 2002;17:143-155. 
https://doi.org/10.1002/hbm.10062 

 
 



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues false

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /CZE <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice



