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ABSTRACT

BACKGROUND AND PURPOSE: Although functional connectivity has been linked to cognitive function in epilepsy, its relationship with
physical, psychological, or social dysfunction is unknown. This study aimed to assess the relationship between network architecture from
resting-state fMRI and health-related quality of life in children with medically intractable focal epilepsy.

MATERIALS AND METHODS: Forty-seven children with nonlesional focal epilepsy were included; 22 had frontal lobe epilepsy and 15 had
temporal lobe epilepsy. We computed graph metrics of functional connectivity, including network segregation (clustering coefficient and
modularity) and integration (characteristic path length and participation coefficient). Health-related quality of life was measured using the
Quality of Life in Childhood Epilepsy questionnaire. We examined the associations between graph metrics and the Quality of Life in
Childhood Epilepsy total and domains scores, with age, sex, age at seizure onset, fMRI motion, and network density as covariates.

RESULTS: There was a negative relationship between the clustering coefficient and total Quality of Life in Childhood Epilepsy score
[t(40) � �2.0; P � .04] and social function [t(40) � �2.9; P � .005]. There was a positive association between the mean participation
coefficient and total Quality of Life in Childhood Epilepsy score [t(40) � 2.2; P � .03] and cognition [t(40) � 3.8; P � .0004]. In temporal lobe
epilepsy, there was a negative relationship between the clustering coefficient and total Quality of Life in Childhood Epilepsy score [t(8) �

�2.8; P � .02] and social function [t(8) � �3.6; P � .0075] and between modularity and total Quality of Life in Childhood Epilepsy score
[t(8) � �2.5; P � .04] and social function [t(8) � �4.4; P � .0021]. In frontal lobe epilepsy, there was no association between network
segregation and integration and Quality of Life in Childhood Epilepsy total or domain scores.

CONCLUSIONS: Our findings indicate that there are other higher order brain functions beyond cognition, which may be linked with
functional connectivity of the brain.

ABBREVIATIONS: FLE � frontal lobe epilepsy; rsfMRI � resting-state fMRI; QOLCE � Quality of Life in Childhood Epilepsy; TLE � temporal lobe epilepsy

Resting-state functional MR imaging (rsfMRI) can measure

spontaneous neural activity in the human brain noninva-

sively1 and can be used to assess the interregional connectivity of

the brain. There are several approaches to assessing functional

connectivity in the brain, including multivariate decompositions

of fMRI data into intrinsic connectivity networks, specified con-

nectivity between different brain units using a seed region, and

graph theory– based approaches.2 The graph theory– based ap-

proach models the brain as a complex network represented

graphically by a collection of nodes and edges. The graph-based

network approach has the advantage of characterizing unbiased

patterns of whole-brain architecture. Globally, brain networks are

optimized by achieving a balance between segregation of local

specialized processing and integration of diverse modules across

the brain.3

Epilepsy is considered a disorder of large neural networks.4

There is more heterogeneity with respect to etiology and location

of epileptogenic zone in children with medically intractable epi-

lepsy relative to adults,5 which may contribute to variability in the

regions or networks that are disrupted. Global graph theoretic
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measures offer a robust means of capturing diverse sources and

regions of brain dysfunction in children with medically intracta-

ble epilepsy. Abnormal functional connectivity has been linked to

cognitive impairment in children with epilepsy. Higher modular-

ity, implying that subnetworks were less interconnected, has been

linked with impaired cognition, as measured by a computerized

visual searching task, in children with frontal lobe epilepsy.6 Re-

duced centrality of the left inferior parietal lobule and segregated

processing within the default mode network were associated with

more favorable cognitive development in children with Rolandic

epilepsy.7 Furthermore, clustering coefficient and path length

have been shown to be associated with the full-scale intelligence

quotient in children with focal epilepsy.8

Health-related quality of life (HRQL) is defined by the World

Health Organization as a broad, multidimensional construct, in-

cluding not only the disease state but also the person’s physical,

psychological, and social well-being. This term refers to the im-

pact, both subjective and objective, of dysfunction associated with

illness or injury and treatment.9 Children with epilepsy frequently

have impairment in multiple domains of HRQL and have higher

rates of behavioral, cognitive, emotional, social, and academic

problems compared with healthy children or children with other

chronic health conditions.10-12 Clinical factors, including the du-

ration of epilepsy, seizure type, frequency and severity, number

and adverse effects of antiseizure medications, comorbidity, pa-

rental anxiety and depression, family socioeconomic status, and

family function, have been shown to predict HRQL.13,14 Cogni-

tive difficulties have also been shown to correlate with children’s

HRQL.14,15 However, it is unclear whether there is a neural basis

for impaired HRQL in children with epilepsy. Although func-

tional connectivity has been linked to cognitive function in chil-

dren with epilepsy, its relationship with broader dysfunctions

such as a person’s physical, psychologi-

cal, and social well-being has not been

explored in this population. The aim of

the present study was to assess the rela-

tionship between graph theory metrics

derived from rsfMRI and HRQL in chil-

dren with focal epilepsy.

MATERIALS AND METHODS
Study Population
Children with medically intractable fo-

cal epilepsy who were evaluated for epi-

lepsy surgery were recruited to the study

(n � 47). Inclusion criteria were chil-

dren 4 –18 years of age with nonlesional

epilepsy—that is, those with normal

findings on 3T MR imaging acquired

with the epilepsy protocol. The MRIs

were reviewed by a pediatric neuroradi-

ologist (E.W.) with expertise in epilepsy

imaging to verify that there was no le-

sion seen on MR imaging. Exclusion cri-

teria included prior resective or nonre-

sective epilepsy surgery (eg, corpus

callosotomy) and children/families who

were unable to complete the HRQL
questionnaires. Demographics and clinical data, including the

age, sex, age at seizure onset, duration of epilepsy, and number of

antiepileptic drugs, were collected. The analytic approach is sum-

marized in Fig 1. The study had the approval of the research ethics

board of the Hospital for Sick Children.

Health-Related Quality of Life
Patient HRQL was measured using the Quality of Life in Child-

hood Epilepsy (QOLCE) questionnaire.16 The QOLCE is a 76-

item parent-rated instrument covering 5 domains (physical

activity, cognition, well-being, social activity, and behavior)

and 16 subscales. Domain scores are derived from the un-

weighted average of the relevant items.16 The total QOLCE

score is the unweighted average of 16 subscales, and higher

scores indicate better HRQL. This instrument has been re-

ported to have good validity and reliability.16,17

MR Imaging and Resting-State fMRI
MR imaging was performed on a 3T scanner (Philips Achieva,

Philips Healthcare, Best, the Netherlands) using an 8-channel

phased array head coil in all patients. Patients were imaged using

the epilepsy protocol, which included axial and coronal FLAIR

(TR/TE � 10,000/140 ms, slice thickness � 3 mm, FOV � 22

cm, matrix � 316 � 290), axial and coronal T2 and proton-

density (TR/TE � 4200/80/40 ms, slice thickness � 3 mm,

FOV � 22 cm, matrix � 400 � 272), volumetric 3D-T1 (TR/

TE � 4.9/2.3 ms, slice thickness � 1 mm, FOV � 22 cm,

matrix � 220 � 220), and rsfMRI (TR � 2000 ms, TE � 30 ms,

flip angle � 90°, FOV � 220 mm, matrix � 88 � 86 mm, slice

thickness � 3.5 mm, 180 volumes acquired and aligned to the

anterior/posterior commissure line, scan time � 6 minutes 8

seconds). rsfMRI was acquired with the patient’s eyes closed.

FIG 1. Summary of the analytic approach. For each participant, fMRI time-series were prepro-
cessed, registered to their T1 anatomic scans, and parcellated into 268 regions. The mean blood
oxygen level– dependent (BOLD) time course was extracted from each brain region, and corre-
lations between regions were represented as a functional connectivity matrix. Each connectivity
matrix was thresholded to create a weighted functional connectivity network. Network proper-
ties were computed, and their associations with health-related quality of life were assessed with
linear models.

1214 Nawani Jul 2019 www.ajnr.org



Image Processing and Analysis

Image Preprocessing. Preprocessing was performed using FSL,

Version 5.0.9 (www.fmrib.ox.ac.uk/fsl). The first 4 scans were dis-

carded, resulting in 176 blood oxygen level– dependent time-se-

ries at each voxel per acquisition. Brain extraction was performed

using the FSL Brain Extraction Tool (http://fsl.fmrib.ox.ac.

uk/fsl/fslwiki/BET)18; and motion correction, with MCFLIRT

(https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/MCFLIRT).19 Slice-tim-

ing correction was performed in ascending order, and spatial

smoothing was performed using a Gaussian kernel of 5-mm

full width at half maximum and high-pass temporal filtering at

100 seconds. Volumes from each fMRI acquisition were regis-

tered to each individual’s high-resolution anatomic volume

using linear registration. The images were then registered to

the 2-mm3 stereotactic template of Montreal Neurological In-

stitute 152 using nonlinear spatial normalization.20 The coreg-

istered T1 images were segmented into gray matter, white mat-

ter, and CSF using FSL FAST (https://fsl.fmrib.ox.ac.uk/fsl/

fslwiki/FAST).21 Nuisance covariates, including CSF signal,

white matter signal, and 6 rigid-body motion parameters, were

regressed out of the data. The residual time courses were band-

pass-filtered at 0.01– 0.1 Hz.

Graph Theory Analysis. Mean time-series were extracted from

268 brain regions using an atlas-based parcellation of Shen et

al.22 Pearson correlation coefficients were calculated for each

pair of regions, from which a 268 � 268 correlation matrix

representing interregional functional connectivity was pro-

duced for each participant. Connectivity matrices were thresh-

olded at a maximum correlation value at which the network

remained as 1 fully connected component in each participant

(absolute r threshold � 0.34), and networks produced by a

range of thresholds below this correlation value were also as-

sessed to ensure that results were not dependent on threshold

selection (r � 0.1: r � 0.34, in increments of 0.02). Edge

weights were determined by normalizing correlation values.

Topologic characteristics of weighted brain networks were

calculated using the Brain Connectiv-

ity Toolbox (www.brain-connectivity-

toolbox.net).3 For each participant

network, the mean clustering coeffi-

cient and modularity were computed

as measures of network segregation,

and characteristic path length and par-

ticipation coefficient were computed

as metrics of network integration. The

clustering coefficient measures the

magnitude of local interconnectivity

of a network; specifically, it is the frac-

tion of neighbors of nodes that are

neighbors of each other. Modularity

quantifies the degree to which the net-

work may be subdivided into clearly

delineated groups that maximize the

number of within-group edges and

minimize the number of between-group

edges. Characteristic path length is a mea-

sure of network-wide integration and is

defined as the average shortest path length in the network. The par-

ticipation coefficient captures the diversity of intermodular connec-

tions of individual nodes.

Statistical Analysis
Linear models were used to examine associations between graph

metrics and QOLCE scores. Age, sex, age at seizure onset, and

fMRI motion (mean displacement values between 1 image and

the next image in the series) were included in the model as cova-

riates, along with network density as recommended by van den

Heuvel et al.23 The first level of analysis examined the relation-

ships between the total QOLCE score (or overall HRQL) and the

4 metrics of network segregation and integration: 1) mean clus-

tering coefficient, 2) characteristic path length, 3) modularity,

and 4) mean participation coefficient. Network metrics that were

associated with the total QOLCE score detected at an uncorrected

P � .05 were then examined in relation to QOLCE domain scores

using equivalent models. The significance of the relationships de-

scribed in the second-level analysis of domain-specific scores was

assessed with a P � .05, corrected for the 5 domains using a Bon-

feronni correction (ie, P � .01 considered significant). These

analyses were repeated in separate subsamples of children with

frontal lobe epilepsy (FLE) and temporal lobe epilepsy (TLE).

Characteristics and QOLCE scores of the FLE and TLE sub-

samples were compared with t tests for continuous variables and

�2 tests for categoric variables.

RESULTS
Forty-seven children with nonlesional focal epilepsy were in-

cluded in this study. Twenty-two of these children had FLE, and

15 had TLE. Characteristics of the whole sample and FLE and TLE

subsamples are summarized in the Table. Children with FLE were

taking more antiepileptic drugs than those with TLE [t(35) � 2.0;

P � .05]. The FLE and TLE groups did not differ by any other

characteristics (all, P � .05).

Characteristics of the whole sample and frontal and temporal lobe epilepsy subsamples
Whole Sample (n = 47) FLE (n = 22) TLE (n = 15)

Age (yr) 13 (3) 13 (4) 13 (2)
Sex 23 F, 24 M 11 F, 11 M 6 F, 9 M
Type 22 Frontal 15 Left frontal 9 Left temporal

15 Temporal 7 Right frontal 6 Right temporal
8 Parietal or occipital
2 Multilobar

Mean age at seizure onset (SD), (yr) 8 (4) 8 (4) 10 (3)
Mean duration of epilepsy (SD), (yr) 5 (4) 5 (4) 4 (3)
No. of anti-epileptic drugs (range) 2 (0–4) 2 (1–4) 2 (0–3)
Frequency 15 Daily 7 Daily 4 Daily

20 Weekly 9 Weekly 9 Weekly
12 Monthly or less

frequently
6 Monthly or less

frequently
2 Monthly or less

frequently
QOLCE (mean) (SD)

Overall 63 (17) 62 (21) 67 (15)
Social function 66 (27) 64 (28) 67 (29)
Physical function 52 (18) 49 (22) 59 (13)
Emotional well-being 67 (17) 66 (19) 68 (16)
Cognition 67 (23) 66 (26) 77 (17)
Behavior 67 (15) 66 (15) 68 (18)

Note:—SD indicates standard deviation.
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HRQL
The mean total QOLCE scores as well as scores in each of the 5

domains are summarized for the whole sample and FLE and TLE

subsamples in the Table. The samples of children with FLE and

TLE did not differ in total score [t(35) � �0.93; P � .36] or the 5

domain scores: social function [t(35) � �0.28; P � .78], physical

function [t(35) � �1.6; P � .13], emotional well-being [t(35) �

�0.35; P � .73], cognition [t(35) � �1.4; P � .18], and behavior

[t(35) � �0.51; P � .61].

Associations between Global Graph Theory Metrics and
HRQL in the Whole Sample
A negative relationship between the total QOLCE score and the

mean clustering coefficient [t(40) � �2.1; P � .04] was de-

tected, whereas the association between total QOLCE score

and modularity did not reach our threshold for significance

[t(40) � �1.7; P � .09]. Overall, the total QOLCE score was

positively associated with the mean participation coefficient

[t(40) � 2.2; P � .04], but there was no relationship between total

QOLCE score and characteristic path length [t(40) � �0.92; P � .37]

(Fig 2).

Assessment of QOLCE domain scores revealed that there was a

significant negative association between the mean clustering co-

efficient and the social function domain [t(40) � �2.9; P � .006]

and a significant positive association between the participation

coefficient and cognition [t(40) � 3.8; P � .0004] (Fig 3). There

were no significant relationships between the mean clustering co-

efficient and cognition [t(40) � �1.0; P � .30], physical activity

[t(40) � �0.49; P � .63], emotional well-being [t(40) � �1.5; P �

.14], and behavior [t(40) � �1.7; P � .10]. There were also no

significant relationships between the participation coefficient and

social function [t(40) � 0.39; P � .70], physical activity [t(40) �

1.5; P � .15], emotional well-being [t(40) � 1.5; P � .14], and

behavior [t(40) � 1.9; P � .07]. Results for the total QOLCE and

QOLCE domain scores were similar across network-generation

thresholds (On-line Figs 1 and 2).

Associations between Global Graph Theory Metrics and
HRQL in FLE and TLE Subsamples
In children with FLE, there were no significant relationships

between the total QOLCE score and the clustering coefficient

[t(15) � �1.3; P � .23], characteristic path length [t(15) �

�0.17; P � .86], modularity [t(15) � �0.87; P � .40], or par-

ticipation coefficient [t(15) � 1.1; P � .27] (On-line Fig 3),

which were consistent across network-generation thresholds

(On-line Fig 4).

In children with TLE, a negative relationship between the total

QOLCE score, mean clustering coefficient [t(8) � �2.8; P � .02],

FIG 2. Associations between graph theory metrics and overall health-related quality of life (or total Quality of Life in Childhood Epilepsy score).
The mean clustering coefficient shows a negative relationship with overall HRQL (A). Characteristic path length (B) and modularity (C) are not
significantly associated with overall HRQL. The mean participation coefficient is positively associated with overall HRQL (D). Networks were
thresholded at an absolute Pearson correlation coefficient of r � 0.34. Residuals after accounting for model covariates are plotted as relative
measures along with regression lines with 95% confidence intervals.
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and modularity [t(8) � �2.5; P � .04] was detected (Fig 4). Rela-

tionships were not significant among the total QOLCE score,

characteristic path length [t(8) � �0.90; P � .39], and the mean

participation coefficient [t(8) � 1.6; P � .14]. Assessment of

HRQL domain scores revealed that there was a significant nega-

tive association between the mean clustering coefficient [t(8) �

�3.6; P � .0075] and modularity [t(8) � �4.4; P � .0021] with

the social function domain (Fig 5). There were no significant as-

sociations between the clustering coefficient and physical func-

tion [t(8) � �2.4; P � .045], emotional well-being [t(8) � �1.6;

P � .16], cognition [t(8) � �0.7; P � .48], or behavior [t(8) �

�1.5; P � .17]. There was also no significant association between

modularity and physical function [t(8) � �2.3; P � .054], emo-

tional well-being [t(8) � �1.7; P � .14], cognition [t(8) � 0.11;

FIG 3. Associations between graph theory metrics and the domain-specific Quality of Life in Childhood Epilepsy score. The mean clustering
coefficient shows a negative relationship with the social function domain of the QOLCE score only (A). The mean participation coefficient is
positively associated with the cognition domain of the QOLCE score only (B). Networks were thresholded at an absolute Pearson correlation
coefficient of r � 0.34. Residuals after accounting for model covariates are plotted as relative measures along with regression lines with 95%
confidence intervals.

FIG 4. Associations between graph theory metrics and overall HRQL (or total Quality of Life in Childhood Epilepsy score) in patients with
temporal lobe epilepsy. The mean clustering coefficient (A) and modularity (C) are negatively associated with overall HRQL. Characteristic path
length (B) and the mean participation coefficient (D) are not significantly associated with overall HRQL. Networks were thresholded at an
absolute Pearson correlation coefficient of r � 0.34. Residuals after accounting for model covariates are plotted as relative measures along with
regression lines with 95% confidence intervals.
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P � .91], or behavior [t(8) � �1.6; P � .15]. In the TLE sub-

sample, results for total QOLCE and domain scores were similar

across network-generation thresholds (On-line Figs 5 and 6).

DISCUSSION
A few studies have demonstrated the association between func-

tional connectivity and HRQL in adults. Ren et al24 have shown

that a greater increase in the amplitude of low-frequency fluctu-

ations of rsfMRI signal in the medial prefrontal cortex and supe-

rior frontal gyrus were significantly associated with HRQL in

older adults with mild cognitive impairment. Greenberg et al25

found an association between neural activity in the amygdala and

the ventral prefrontal cortex during emotion processing as evalu-

ated using fMRI and poor HRQL in young adults, and they found

that state and trait anxiety mediated this relationship. This is the

first study that has evaluated the link between global measures of

functional connectivity and HRQL in children with focal epilepsy.

By computing graph-based measurements from rsfMRI, our

study investigated the association between functional segregation

and integration and overall HRQL. Clustering coefficient is a

measure of the propensity of the brain to execute specialized pro-

cesses within interconnected groups of brain regions or clusters

and reflects functional segregation of brain networks.3 A high

clustering coefficient indicates that the neighbors of a node are

directly connected to each other.26 An increased clustering coef-

ficient has been reported in the bilateral cingulate, right peri-

Sylvian, and medial frontal lobes in children with focal epilepsy

relative to controls,27 in the polymicrogyria cortex relative to the

normal cortex,28 and in the affected hippocampus and anterior

thalamus in patients with hippocampal sclerosis.29 Participation

coefficient measures the connectedness of a within-module node

to a diverse set of segregated modules and hence the diversity of

intermodular connections, which reflects network integration. A

high overall participation coefficient of nodes in a network infers

an increase in connector hubs, which are important for facilitat-

ing global intermodular integration.3 Lower levels of local infor-

mation processing (that is, a lower mean clustering coefficient)

and increased diversity of connections across modules (that is, a

higher mean participation coefficient) contributed to higher lev-

els of overall HRQL for children with focal epilepsy in this study.

Although the underlying mechanisms are not clear, these varia-

tions in network characteristics are likely influenced by seizures,

antiseizure medication, or a combination of both.

During childhood and early adolescence, functional brain ac-

tivity becomes more integrated,30 and dynamic maturation of

network modules in youth may be a critical driver for the devel-

opment of cognition.31 In children with epilepsy, the ability to

develop or maintain these network properties may be critical for

the emergence and maintenance of cognitive abilities. We found a

positive relationship between the participation coefficient, a mea-

sure of network integration, and cognitive domain scores. Paldino

et al8 also showed an association between network integration, as

measured by path length, and the intelligence quotient in children

with epilepsy. Although our study and the study by Paldino et al

showed similar findings of an association between network inte-

gration and cognition, details on the graph index measure that

was associated with cognition differ in that we did not identify an

association between path length and cognitive domain scores.

These differences could be related to differences in study popula-

tions and/or analytic methods. We have included children with

medically intractable epilepsy who have nonlesional epilepsy,

while most of the children included in the study by Paldino et al

had structural abnormalities. As with most graph theory analyses,

there are many decision points in the analysis involving data pre-

processing and graph construction that may influence the results.

In this study, we constructed weighted networks and included

network density as a covariate in the analyses, as recommended in

recent publications.23,32 However, weighted networks and net-

work density were not included in the analysis by Paldino et al.

We found an association between functional segregation, as

measured by the clustering coefficient, and social function in chil-

dren with focal epilepsy. Social functioning incorporates social

interaction, which requires multiple higher order functions of the

brain. Less is known about functional connectivity of the brain

and higher order functions beyond cognitive function. There are

some studies linking functional connectivity with emotion, one of

the higher order functions. Emotion, such as depression, has been

associated with a hyperactive default mode network.33 Further-

more, default mode network activity of individuals with depres-

FIG 5. Associations between graph theory metrics and domain-specific Quality of Life in Childhood Epilepsy scores in patients with temporal
lobe epilepsy. The mean clustering coefficient (A) and modularity (B) are negatively associated with the social function domain of the QOLCE
score. Networks were thresholded at an absolute Pearson correlation coefficient of r � 0.34. Residuals after accounting for model covariates
are plotted as relative measures along with regression lines with 95% confidence intervals.
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sion has been shown to be abnormally linked to other brain re-

gions outside the default mode network.34 We have not shown an

association between global measures of graph indices and well-

being, which incorporates measures from a variety of emotions. It

is possible that the domain of well-being as measured by the

QOLCE lacks specificity, and more specific measures of emotions

may be linked to functional connectivity of specific regions or

networks.

In the subsample with TLE, we also found a negative relation-

ship between functional segregation and HRQL. However, there

was no association between functional segregation and integration

with HRQL in the subsample with FLE. The 2 subsamples demon-

strated similarities in HRQL despite differences in the relationships

between the functional connectivity and HRQL. A prior study has

assessed structural connectivity in children with FLE and TLE and

showed that the FLE subsample demonstrated more areas of reduced

nodal efficiency and more impaired subnetworks than the TLE sub-

sample.35 The results of this study suggest that the architecture of

brain-wide network connectivity is particularly relevant for higher

order brain function when brain disruption originates in the tempo-

ral lobe. Further research is needed to distinguish differences in func-

tional networks between TLE and FLE and their association with

higher order brain function.

A limitation of this study is that we have not included a control

group for comparison because the QOLCE is an epilepsy-specific

HRQL instrument. A generic HRQL instrument would be re-

quired to compare the HRQL in children with epilepsy relative to

controls and would permit correlation of graph-based measures

of functional connectivity with generic HRQL within each of

these groups. However, generic HRQL instruments may be less

sensitive for assessing HRQL relative to disease-specific HRQL

instruments. Future research could compare HRQL (as measured

by a generic HRQL instrument) and functional connectivity

among children with epilepsy versus controls and determine

whether the correlations between HRQL and functional connec-

tivity differ between children with focal epilepsy and controls.

CONCLUSIONS
This study showed a significant association between global mea-

sures of functional connectivity, including functional segregation

and integration, with overall HRQL in children with medically

intractable focal epilepsy. The negative association between the

clustering coefficient, a measure of functional segregation, and

HRQL was driven by social function. The positive association

between the participation coefficient, a measure of functional in-

tegration, and HRQL, was driven by cognitive function. The find-

ings indicate that there are other higher order brain functions

beyond cognition, such as social function, which could be linked

with functional connectivity of the brain. HRQL encompasses

several different higher order functions such as cognition, emo-

tion, social function, and behavior. Further studies are warranted

to determine whether there are differences in brain networks

among children with epilepsy with and without impairment in

each of these higher order functions compared with healthy con-

trols and whether the extent of alterations in brain networks cor-

relates with the severity of higher order dysfunction.
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