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Abstract

Purpose— This study contrasts language lateralization between pediatric epilepsy patients and
healthy children.

Methods— Eighteen epilepsy patients (8-18 years of age) completed an fMRI study with a silent
verb generation task. The imaging data was compared to 18 age-gender-handedness matched healthy
children and also to a group of 336 healthy children age 5-18 years.

Results— A significant difference in hemispheric lateralization index was found (t=6.278,
p<0.0001) between children with epilepsy (mean L1 =—0.017) and the age-gender-handedness
matched healthy control subjects (mean L1 = 0.267). A dramatic difference was also observed in the
percentage of children with epilepsy (67.7%) that had atypical lateralization index (right-hemispheric
or bilateral, L1<0.1) when compared with the age-gender-handedness matched group (0%, ¥2=22.9,
p<0.001) or to the entire group of healthy children (18.5%, ¥2=35.7, p<0.001). A linear regression
analysis showed that the hemispheric lateralization of language function increased with age (R?=0.09,
p<0.0001) in the entire healthy control group, while this correlation with age was not significant in
pediatric epilepsy subjects (R2=0.005, p>0.7). The residual analysis for the linear regression showed
a greater variability for LI in epilepsy patients (residual SD =0.15) than that observed in healthy
cohorts (0.11 and 0.13 for the age-gender-handedness matched and the entire healthy children group,
respectively).

Conclusions— This study shows that epilepsy during childhood is associated with neuroplasticity
and reorganization of language function.
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Introduction

Modern studies of language localization and lateralization began with the first reports by Broca
and Wernicke, who introduced the concept of unilateral left hemispheric control of language
functions (1,2). Since then, the localization of language processing in healthy and diseased
brain has become the subject of intense research. The “classical model” of language
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organization based on data from aphasic patients with brain lesions, popularized in the 19th
century, remains in common use (3-5). The general principle of this “classical model” is
supported by studies of individuals who have lost language secondary to focal brain lesions.
In addition to lesion studies, other studies such as neuropsychological studies, direct
electrocortical stimulation experiments, and imaging studies have all found that language
functions are primarily distributed in the inferior frontal gyrus (Broca’s area) and in the superior
and middle temporal gyri, supramarginal and angular gyri (Wernicke’s area) with strong left
hemispheric dominance (3,6-17). More recently, this left dominant pattern has been
documented even during infancy (18).

It is known that neurological disorders, such as stroke, brain tumors, and, as related to the
present study, epilepsy, can have a profound and chronic impact on language function (e.g., 3,
19-21). Adult epilepsy patients often demonstrate significant changes in terms of the location,
strength, and variability of language activation (3,22). “Atypical” language distribution
patterns have also been observed in many fMRI studies of adults (23—-34). One comprehensive
fMRI study (22) that compared language dominance in a large number of adult subjects (100
healthy control subjects and 50 epilepsy subjects) found that a significantly larger percentage
of epilepsy patients had bilateral or right-hemispheric language dominance than that observed
in healthy control subjects. In that study and for our purpose here, bilateral language
lateralization is defined by an fMRI lateralization index (LI) that is close to zero (|LI| <0.1in
our study), representing nearly equal amount of activation in the left and right hemispheres. A
more recent fMRI study also showed similar findings: in comparison to healthy subjects, those
adults with left temporal lobe epilepsy (TLE) tended to have greater language activation in
right hemisphere and their overall language representation was more bilateral (35).

Although the current understanding of the impact of epilepsy in adults is far from conclusive,
the above studies provide a degree of quantification of the differences in language localization
and lateralization between healthy adult controls and adult epilepsy subjects and have offered
plausible explanations for the etiology of these differences. At this point, however, we do not
know when atypical language circuitry begins to emerge during the course of epilepsy. In fact,
it is not yet known whether reorganization of language in the epileptic brain is stimulated by
the repeated seizure activity or whether pre-existing neuropathology provides a common cause
for the epilepsy and the redistribution of language.

The differences in the neural substrates of language between healthy children and children with
epilepsy are even less well documented. Aside from the technical difficulties involved in the
MR scanning of children (36), the fact that language develops rapidly during childhood adds
an additional level of complexity to the effort of distinguishing neuropathological changes
from normal language developments. Language activation patterns in healthy children, even
as early as infancy, are believed to be distributed in a similar pattern to their adult counterparts
(e.g., 18, 37-39). In addition to variables such as gender, handedness, and other factors that
need to be considered in adults, studies have shown that age plays an important role in
determining language activation patterns and lesion-related neuroplasticity (e.g., 38, 40).
Controversy still exists regarding a specific cut-off age after which language development
complete (22,41-43). Some studies suggest that language development may not be complete
until the third decade of life (44,45).

The convolution of epilepsy and development, combined with other factors, makes it extremely
difficult to distinguish the actual impact of epilepsy on the neural substrates of language based
only on language function distribution patterns observed in pediatric epilepsy patients. Due to
the limitation in the control of experimental condition in clinical research, the question of cause
and effect remains. Does repeated seizure activity in epilepsy cause the reorganization of
language in the developing brain, or, does epilepsy result from underlying neuropathology,
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which, although invisible by neuroimaging, causes early redistribution of language? Studies
in animals suggest this first question is closer to the answer. There is evidence showing that
seizures in developing mouse brain can cause immediate neural cell loss, synaptic circuitry
reorganization, as well as long-term neurological consequences such as lowering of seizure
threshold, impaired learning capacity, and cognitive deficit in later life (46-51).

A logical first step to investigate this question in humans would be to make group comparisons
to quantitatively contrast fMRI imaging results between pediatric epilepsy patients and healthy
control subjects. Based on the extent to which these patterns differ, it might be possible to
extrapolate further information about the relationship of the abnormal patterns and epilepsy-
related neuroplasticity in the pediatric patients. Surprisingly, no such study has been reported
to date. The published fMRI literature about the impact of epilepsy on language lateralization
in children has either been clinical research that focused on evaluating the accuracy of pre-
surgical and post-surgical fMRI assessment, or, studies comparing the language organization
patterns among epilepsy patients (31,52-55). No fMRI study thus far has reported about the
differences between pediatric epilepsy patients and healthy children.

The lack of normative MRI/fMRI data for children has been a major factor for the absence of
direct comparison between patients and healthy controls. While some previous fMRI studies
have collected normative data in healthy children, they either included a small number of
subjects (38,39,56-58), or they combined pediatric and adult subjects in the study and data
analysis (25,53).

Recently we have completed a large-scale fMRI study of language development (NIH-RO1-
HD38578-05) that provides a reference frame for better understanding neuroimaging findings
in pediatric patients. This study investigated language localization and lateralization and other
trends in language function in over 300 healthy children, age 5 to 18 years. This study provides
strong evidence that the cerebral distribution of language function changes with age, exhibiting
patterns that are influenced by development as well as other factors including gender,
handedness, 1Q, SES, etc. (38,40). These discoveries shed light on previous ambiguity in the
literature which was due in part to the lack of consideration of brain development as a
confounding factor influencing hemispheric dominance of language. Most importantly, our
normative data can now serve as a reference for the interpretation of fMRI language studies in
pediatric patients with various neurological disorders, e. g., brain injury, lesion, trauma, and
here, epilepsy.

In this study, we present fMRI data obtained from children with epilepsy and examine the
patterns of language lateralization (Lateralization Index: LI) among these patients by
comparing with patterns obtained in healthy control subjects. We were also interested in
studying the influence of epilepsy on the correlation between LI and age in children. We
expected to find significant differences in LI between patients and healthy controls and a
weaker correlation with age, if any, in patients than in the healthy counterparts. Our approach
is unique in that we contrasted fMRI activation in pediatric epilepsy patients with a large group
of healthy control subjects (n=336, age=5-18 years). As a subgroup of this large healthy cohort,
an equal number (n=18) of age-gender-handedness matched healthy subjects were also selected
for comparison with the patients. These comparisons provide new insight into the growth trend
of language lateralization and the extent to which the brain reorganizes language function to
compensate for damage associated with epilepsy during childhood.

This is a retrospective study in which the fMRI data for the patients and healthy subjects were
obtained on two different MR scanners at different time periods between 1997 and 2004. Some
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of the data has been reported previously (36,38,40,59,60). Since fMRI data acquisition
techniques have evolved and been refined over these years, differences in methodology will
be clarified whenever is necessary. The fMRI data from epilepsy patients and healthy control
subjects were analyzed using identical methodology in order to minimize cross-platform
variability. For example, a region-of-interest (ROI)-based objective-thresholding method
(described below) was used to calculate a lateralization index (LI), providing a data analysis
scheme that was robust and portable across scanners and field strength.

Twenty three pediatric patients (age 8-18 years) diagnosed with epilepsy by a pediatric
neurologist (RHS) were recruited for an fMRI language study. FMRI data from a silent verb
generation task (described below) was successfully obtained from 18 of these patients (age 8-
18 years). Patient information is summarized in Table 1. These patients were recruited
irrespective of their race, gender, epilepsy syndrome, lesion site, or handedness. After a
complete description of the study was given, written consent was obtained from the parents,
and the subjects gave either verbal or written consent. This study was approved by the
Institutional Review Board at the Cincinnati Children’s Hospital Medical Center (CCHMC).

The control group consisted of 336 healthy children (age = 5-18 years, 166 males, 170 females)
who were part of a large-scale fMRI language development study (NIH-R01-HD38578-05).
The description of this cohort has been presented in previous publications (36,38,40,59,60).
As part of our data comparison, a subgroup was selected from this large healthy control group.
This smaller healthy control group consisted of 18 subjects and was determined as follows: for
each pediatric epilepsy patient, one healthy child with the same gender, handedness, and with
the closest age in months was selected from the entire healthy control subjects group (N=336).
This age-gender-handedness matched healthy control group was used to demonstrate the
contrast between patients and healthy controls with the presumption that matching the subjects
would eliminate the confounding influences of age, gender, and handedness on language
development and allow us to focus the analysis on other factors including language
lateralization and localization.

Verb Generation Task and Language Paradigm in fMRI Scanning

The language task used in the study was a child-friendly word-fluency paradigm based on the
verb generation task introduced by Peterson (61) and Benson et al. (62). This task involves the
presentation of a series of concrete nouns to the subject via a MRI-compatible audio system.
The subjects were asked to covertly generate verbs corresponding to the presented noun. For
example, when the subjects heard the noun “ball”, they would think of the verbs like “kick”,
“play”, “hit”, etc. The subjects were instructed to generate the verbs silently to avoid head
motion artifacts that could result from overt speech. This language task has been used
consistently by our group for the past ten years. Additional details about the task are described
in our earlier publications (38,40).

The language paradigm was administered in a periodic block design where 30 seconds of verb
generation was inter-leaved with 30 seconds of control task. The control task for healthy
children was bilateral finger tapping cued by a tone at 5-second interval (FM tones centered
on 400 Hz with 25% modulation), while patients were instructed to remain in silence during
this period of the experiment. Functional MRI scanning proceeded during the alternating
periods of activation and control at a rate of one EPI (Echo-planar Imaging) acquisition every
3 seconds. In healthy children, a total of 110 time points were acquired during five activation
periods and six control periods, resulting in a total fMRI acquisition time of 330 seconds. The
first ten image volumes of control periods were discarded in post-processing to eliminate non-
equilibrium effect. In epilepsy patients, the initial control period was not included and only
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100 EPI images (five activation periods and five control periods were acquired with scanning
time being 300 seconds in total.

Imaging Data Acquisition

MRI/fMRI scans for epilepsy patient group were performed on a 1.5 Tesla, GE Signa Horizon
MRI scanner with Echospeed gradients. Each fMRI scan consisted of 100 single-shot EPI
gradient echo images acquired with TR/TE = 3000/40 msec, FOV=220 x 220 mm, matrix =
64 x 64. Six sagittal slices were acquired in each hemisphere for each time point, leading to a
total of 1200 slices of fMRI data. Slice thickness was 5 mm with a 1 mm gap. The slices were
positioned such that the outermost slice on each hemisphere extended to the most lateral aspect
of the temporal lobe, as illustrated in Figure 1. A T2-weighted image was obtained in the same
location for anatomical superposition. T2-weighted 2D axial images and T1-weighted whole
brain sagittal images were also acquired to define the parameters necessary for the
transformation into Talairach reference frame.

MRI/fMRI scans for healthy control subjects were performed on a 3T Bruker Biospec 30/60
MRI scanner (Bruker Medizintechnik, Karsruhe, Germany). The whole brain anatomical
images were obtained using a 3D MDEFT (Modified Driven Equilibrium Fourier Transform)
in axial plane (63,64) with the parameters as follows: TR/TE/tau = 15.7/4.3/550 msec, FOV =
192x256x160 mm, matrix = 256 x 192 x 128. Functional MRI scans were acquired in the
transverse plane using a T2* weighted, gradient-echo, EPI sequence (TR/TE = 3000/38msec,
FOV = 25.6cm x 25.6cm, matrix = 64x64, slice thickness = 5 mm). Each scan consisted of 24
slices.

The Differences in fMRI Data Acquisition

As noted earlier, one of the limitations in this retrospective study comes from the fact that the
fMRI data for epilepsy patients and healthy controls were collected using different MR
scanners with different magnetic field strength. Understanding that this is not an ideal situation,
we believe the comparison is still valid since the calculation of lateralization index (as outlined
in the following sections) is based on a ratio of t-statistics in the two hemispheres for the same
individual and in the same scan. By definition, the lateralization index (LI) represents a relative
hemispheric difference for an individual that is self-normalizing in terms of relative BOLD
activity corresponding to the neuronal recruitment necessary to perform the language task. As
noted later, the brain areas included for LI calculation were determined so that they were
consistent in the two populations while still conforming to the traditional standard of ROI
selection for language lateralization. Every effort has been made to insure that the
methodologies applied in the LI calculation of two subject groups are compatible.

fMRI Post-processing and Data Analysis

FMRI image post-processing was conducted using Cincinnati Children’s Hospital Image
Processing Software (CCHIPS) developed in the Imaging Research Center at CCHMC in the
IDL environment (Research Systems Inc., Boulder, CO). A Hamming filter was applied in k-
space data prior to Fourier transformation to reduce truncation artifacts and high frequency
noise (65). Then, the images were co-registered to reduce the influence of motion artifact based
on a pyramid co-registration algorithm developed by Thevenaz and Unser (66). Thereafter, a
quadratic baseline correction algorithm was used to correct baseline drift (67,68). Finally,
Talairach transformation was performed on each subject’s anatomical and functional data to
put them in a common reference frame for further data analysis.

On a pixel-by-pixel basis, t-statistics were calculated after grouping the time series data into
active and control states. A hemispheric lateralization index was calculated for each subject
by first counting the activated pixels within the pre-defined region of interest (ROI). For
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epilepsy patients and healthy control subjects, the ROIs used for the calculation included all
pixels with Talairach coordinate [x|>35 in either hemisphere. Identical ROIs were used for data
processing and analysis in both epilepsy patients and healthy control subjects for consistency.
Acthreshold was determined by calculating the mean value of the t-statistics for all pixels within
the ROIs. The number of pixels exceeding this threshold was counted for both the left and right
side ROI. The lateralization index was calculated as follows: LI = (3N =Y NRr)/(>N_+>NR),
where >N and > Ng represented the sum of the fMRI pixels that exceeded the threshold for
the left and right hemispheric ROI, respectively. Calculating the LI in this manner avoided the
biases introduced by arbitrary thresholding and clustering schemes, as well as possible
differences in BOLD contrast-to-noise ratio between the two scanners operating at different
field strength. Both features were crucial for the present study to insure the consistency in our
between-group data analysis.

This approach yields LIs that range between —1 (right-sided activation only/maximum right
hemispheric dominant) and 1 (left-sided activation only/maximum left dominant). Values close
to“0” (i.e., —0.1<L1<0.1) define bilateral language distribution (38,64). A subject with L1>0.1
is categorized as left dominant, while a subject with L1<—0.1 is categorized as right-side
dominant.

For both pediatric epilepsy patients and healthy children, cortical activation during the verb
generation task was observed in all subjects in the classical language areas including the inferior
frontal gyrus, superior and middle temporal gyri, angular gyrus, and supramarginal gyrus. In
general, brain activation in Broca’s area and Wernicke’s areas are stronger and more
concentrated in healthy children than that in children with epilepsy.

Several notable differences are evident in the quantitative subject group comparison of
lateralization index (LI). As shown in Table 1, among 18 children with epilepsy, eight patients
(44.4%) had bilateral language distributions (—0.1< LI < 0.1); six patients (33.3%) had right-
side language dominance (L1 < —0.1); only four patients (22.2%) demonstrated left-side
language dominance (LI > 0.1). In contrast, all 18 age-gender-handedness matched healthy
children (100%) were categorized as left dominant for language (L1>+0.1). In the entire healthy
subject group (N=336), the majority (274 children, 81.6%) were left dominant with only a
small portion being right-side dominant (7 subjects, 2.1%) or bilateral (55 subjects, 16.4%).
The frequency of atypical language lateralization was significantly between the patient group
and the age-gender-handedness matched healthy control group (x2=22.9, p<0.001) and
between the patient group and the entire healthy group (x2=35.7, p<0.001). The Welch
Modified Two-sample t-test showed that the mean LI for the epilepsy patients was —0.018
(SD=0.154, n=18), a value significantly different (t=6.278, P<0.0001) when compared with
the age-gender-handedness controlled healthy children (Mean L1=0.267, SD=0.115, n=18).
The average LI value for the epilepsy patients was also significantly different (t=6.294,
p<0.0001) from the entire healthy subject group (Mean L1=0.216, SD=0.135, n=336). This is
our most striking finding and is also reflected in the graph of Figure 2.

Figure 2 shows percentage histograms comparing the distribution of LI values from 18 epilepsy
patients with A) the age-gender-handedness matched healthy subjects (N=18), and B) with the
whole healthy children group (N=336). In both Figure 2A) and 2B), the lateralization indices
from the two subject groups form two distinct distributions with leftward shift on the histogram
for the epilepsy patients by approximately 0.2 — 0.3. This shift suggests relatively more
language activation in the right hemisphere for the pediatric epilepsy patients than healthy
controls.
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A linear regression model was used to examine the relationship between lateralization index
(LT1) and age. As shown in Figure 3, the L1 in the healthy control subjects (N=336) was found
to increase with age (R2=0.09, p=1.01x10"8), which was consistent with our previous reports
(38,40). A correlation with similar strength was also found in the age-gender-handedness
matched healthy children group (R? =0.12) but the correlation in this smaller group of health
children did not reach statistical significance (p=0.16). No correlation between LI and age was
found for the epilepsy patients (R2=0.005, p>0.7). Comparison of residuals from the linear
regression in the three cohorts found all three groups were unbiased with a mean value of zero.
No increasing or decreasing spread about the regression line was observed as the age increased.
The standard deviation of the residual for the children with epilepsy (SD=0.15) was larger than
both the age-gender-handedness matched healthy children group (SD=0.11) and the entire
healthy children group (SD=0.13).

Discussion

The neuroplasticity of language function associated with childhood epilepsy has been a long-
term interest in our research since it can serve as a model that allows for examination of the
effect of chronic injury on brain development. This study focuses on using the lateralization
index computed from fMRI images to quantify the influence of childhood epilepsy on the re-
distribution of language functions.

Our results demonstrate that the language distribution patterns in epilepsy patients differ
significantly from those found in healthy control subjects in terms of the mean value and the
variability of lateralization index. Similar to the findings in adults (22,35), we observed that
pediatric epilepsy patients have higher percentage of atypical (bilateral or right hemispheric)
language dominance than healthy controls. These findings suggest that the recurrent ictal and/
or interictal activity in epilepsy subjects causes redistribution of language function in the
developing brain to compensate for injury to traditionally left dominant language areas or
connections to them (i.e., cortical plasticity). Alternatively, our results could be interpreted as
suggesting that preexisting brain abnormalities leading to the development of epilepsy cause
aberrant language localization/lateralization.

Consistent with our previous findings (38,40), the increasing of left language lateralization in
healthy children was found to be associated with the increase of age. Even though the
relationship between LI and age may not be as simple as being purely linear, the linear
regression result (Figure 3) shows the general trend in L1 along with age throughout childhood
and adolescence. Younger healthy children are more likely to have atypical (relative to adult
findings) language distribution than older healthy children, indicating an increasing
specialization of language functions to the left hemisphere as age increases. Yet, a similar
relationship was found in our epilepsy patients. This is likely due to the limited number of
subjects within the group, as in the age-gender-handedness matched healthy children group.
Nevertheless, a closer examination revealed that, even though the correlation between LI and
age in age-gender-handedness matched healthy group was not significant, this group actually
had a slightly higher correlation coefficient between LI and age than the entire healthy children
group (Figure 3). The distribution of L1 along the regression line in the matching group (N=18)
followed very closely with the LI distribution of entire healthy group (N=336). It should also
be noted that this group had a tighter L1 distribution than the patient group as evidenced in
Figure 3, as well as by the standard deviations of the residuals of the linear regression. From
the perspective of neural development, the lack of correlation of LI with age in epilepsy patients
suggests a disruption caused by epilepsy to the normal specialization and consolidation of
language functional areas in the normal developmental process in which the convergence
toward certain preferred areas (such as Brocas’area and Wernicke’s area in left hemisphere)
coincides with age in healthy controls. Another possible explanation is that the damage caused
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by epilepsy stimulates the brain to either activate pre-existing connections to the dormant
language functional areas or to develop new areas in the right hemisphere to compensate for
the loss in the left hemisphere language centers.

Similar to the conclusion from adult studies, our research shows that, LI can serve as a simple
yet robust method for demonstrating differences in brain activation patterns between epilepsy
patients and healthy control subjects during development. The question remains as to whether
atypical language lateralization in epilepsy patients is due to the chronic effect of seizures on
the brain, or whether preceding brain pathologies cause both the atypical lateralization and the
epilepsy. Due to the limitations of this study in terms of the variability in seizure onset age,
inhomogeneous epilepsy pathologies, and lesion site, as well as other confounding factors, we
were not able to establish a conclusive cause-and-effect relationship between the atypical
lateralization and epilepsy. Further longitudinal study, such as a design that involves pediatric
subjects with new onset seizures, will be necessary to help clarify the role and consequence of
epilepsy on neuroplasticity in language development.
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The axial view of slice selection in the MR imaging on 1.5 T GE scanner for pediatric patients
with epilepsy. Only the pixels on slices with |x|>35 on Talaraich coordinate were included for
the calculation of lateraization index.
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Figure 2.

Comparison of LI for (A) pediatric epilepsy patient (n-18) vs.

LI

age-gender-handedness matched

healthy control subjects (n=18) and (B) pediatric epilepsy patients (n=18) vs. the entire healthy

control subject group (n=336).
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Figure 3.
The linear regression for the pediatric patients with epilepsy (n=18), the age-gender-
handedness matched healthy group (n=18), and the entire healthy group (n=336).
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The summary about the information in the pediatric epilepsy patients and the age-gender-handedness matched
healthy controls. LI: Lateralization Index; AVM: Arteriovenous Malformation; BRE: Benign Rolandic Epilepsy;
ENCEPH: Encephalomalici

Sex Handedness Age (in LI MRI Structure (Patient) Epilepsy Diagnosis (Patient) LI
Months) (Patient) (Matching)
(Patient/
Matching)
1 M L 101/98 —0.165 L HIPPOCOMPAL ATROPHY PARTIAL L 0.135
2 F R 111/111 0.010 R FRONTAL ATROPHY PARTIAL R 0.188
3 M R 133/134 0.013 NORMAL IDIOPATHIC GENERALIZED 0.325
4 F R 136/137 0.064 R TEMPORO- PARTIAL R 0.256
PARIETAL DYSPLASIA
5 F R 141/141 0.172 NORMAL PARTIAL R 0.203
6 M L 141/147 —0.342 L OCCIPITAL ENCEPH PARTIAL L 0.367
7 M R 149/149 —0.108 NORMAL BRE 0.154
8 M R 150/150 —-0.101 NORMAL PARTIAL, 2ND GEN 0.138
9 F R 168/167 0.290 NORMAL PARTIAL 0.149
10 M R 176/174 0.026 N/A N/A 0.396
11 M R 176/179 —-0.025 L TEMPORAL GLIOMA PARTIAL L 0.211
12 F R 1771177 —0.051 R TEMPORO- PARTIAL R 0.210
PARIETAL MIGR
13 M R 179/179 0.144 NORMAL PARTIAL R, 2ND GEN 0.565
14 F R 183/182 -0.172 NORMAL IDIOPATHIC GENERALIZED 0.315
15 M R 194/198 0.194 NORMAL PARTIAL 0.326
16 M R 208/208 —0.090 NORMAL PARTIAL R 0.361
17 M L 219/218 —0.025 L TEMPORAL AVM PARTIAL L 0.336
18 F R 228/227 —0.155 NORMAL PARTIAL R 0.171

Pediatric Patients
No. of Subjects: 18

No. of Male: 11, No. of Female: 7

No. of Left Handedness: 3
No. of Right Handedness: 15

Age in months: Mean = 165, SD = 35.15

LI: Mean=-0.018, SD=0.154

Matching Controls
No. of Subjects: 18

No. of Male: 11, No. of Female: 7

No. of Left Handedness: 3

No. of Right Handedness: 15

Age in months: Mean = 164.83, SD = 35.03
LI: Mean=0.267, SD=0.115
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