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Objective: Diffusion tensor imaging (DTI) is a useful
neuroimaging technique for surgical planning in adult
patients. However, no systematic review has been
conducted to determine its utility for pre-operative
analysis and planning of Pediatric Epilepsy surgery.
We sought to determine the benefit of pre-operative
DTl in predicting and improving neurological func-
tional outcome after epilepsy surgery in children with
intractable epilepsy.

Methods: A systematic review of articles in English using
PubMed, EMBASE and Scopus databases, from incep-
tion to January 10, 2020 was conducted. All studies that
used DTI as either predictor or direct influencer of func-
tional neurological outcome (motor, sensory, language
and/or visual) in pediatric epilepsy surgical candidates
were included. Data extraction was performed by two
blinded reviewers. Risk of bias of each study was deter-
mined using the QUADAS 2 Scoring System.

Results: 13 studies were included (6 case reports/series,
5 retrospective cohorts, and 2 prospective cohorts) with

INTRODUCTION

Pediatric epilepsy

According to the current guidelines of the International
League Against Epilepsy (ILAE), epilepsy is defined as
disease of the brain characterized by the presence of at least
two unprovoked seizures happening more than 24 h apart,
or one unprovoked seizure with a likelihood of more than
60% of having another one, or an established diagnosis of
an epilepsy syndrome.’ Pediatric epilepsy has a prevalence

a total of 229 patients. Seven studies reported motor
outcome; three reported motor outcome prediction with
a sensitivity and specificity ranging from 80 to 85.7and
69.6 to 100%, respectively; four studies reported visual
outcome. In general, the use of DTI was associated with
a high degree of favorable neurological outcomes after
epilepsy surgery.

Conclusion: Multiple studies show that DTI helps to
create a tailored plan that results in improved functional
outcome. However, more studies are required in order
to fully assess its utility in pediatric patients. This is a
desirable field of study because DTI offers a non-invasive
technique more suitable for children.

Advances in knowledge: This systematic review anal-
yses, exclusively, studies of pediatric patients with drug-
resistant epilepsy and provides an update of the evidence
regarding the role of DTI, as part of the pre-operative
armamentarium, in improving post-surgical neurological
sequels and its potential for outcome prediction.

of 5.5-8.8 per 1000 person-years in resource rich settings,””
while in developing countries the numbers are much
higher reaching 10.2 per 1000 person-years." Further-
more, children diagnosed with epilepsy have a higher risk
of suffering from other conditions such as anxiety, depres-
sion, attention-deficit/hyperactivity disorder, problems
with conduct, developmental delay and even poor social
competence.” In the majority of cases, epilepsy can be safely
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Figure 1. (@) Ellipsoid representing anisotropic diffusion
of water molecules, also known as a Prolate Tensor. In this
case, the relationship between Eigen values is: A1 > A2, A3.
(b) Oblate Tensor. The relationship between Eigen values is:
M=A2. (c). Spherical Tensor. The relationship between Eigen
values is: AM1=A2= A3.

a

controlled with medication, however in around 30% of cases, the
condition is resistant to pharmacological treatment (i.e. refrac-
tory epilepsy).” Indeed, the ILAE defines it as drug-resistant
epilepsy, characterized by the failure to obtain seizure freedom
with two antiepileptic drugs (AED) either as monotherapy or in
combination.®

The role of epilepsy surgery

Previous research’ has suggested that children with epilepsy
have a higher risk of long-term neurodevelopmental impair-
ment as well as poor psychological and social outcomes; these
risks become even more significant when we consider the afore-
mentioned group of children who do not respond to AED.>” A
resolution in these cases involves the surgical resection of the
brain area where the aberrant electrical discharges are orig-
inating (i.e. the epileptogenic region). Surgical resection for
pediatric drug-resistant epilepsy has a clear benefit as shown by
a randomized controlled trial by Dwivedi and collaborators in
2017 that randomly allocated 116 pediatric patients to either a
surgery with medical treatment group or to a medical treatment
only group. At 12 months, 77% of the patients from the surgery
group were completely seizure-free compared to 7% in the
medical treatment group only.” However, there is a fine balance
between the risks and benefits of such procedure, especially
when the epileptogenic foci is located in areas of the brain that
contain important white matter tracts (WMT) that are involved
in vital functions such as language, vision, motor function and
sensation.” Therefore, knowledge of the location of these tracts is
vital to perform a safe surgical resection and guarantee optimal
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post-surgical neurological outcome.®” Thankfully, such tech-
niques do exist, based on the diffusion of water molecules within
the WMT enabling their complete reconstruction and visualiza-
tion in three-dimensions by using data from diffusion MRI.'’

Multiple parameters obtained with this type of imaging have been
used as an indirect measurement of WMT integrity such as frac-
tional anisotropy (FA), mean diffusivity (MD), axial diffusivity
(AD), and radial diffusivity (RD)." Multiple studies, in both
adults and pediatric patients have used these variables to describe
the changes the epilepsy cause on WMT integrity.'* Certainly,
such changes have been reported particularly in temporal lobe
epilepsy.'>'* However, other studies have also reported that, in
epileptic pediatric patients, changes in these values was minimal
and with low variability, irrespective of epilepsy duration.''
Surgery in pediatric patients with intractable epilepsy often
involves the resection of an epileptogenic lesion or area, that is
often circumscribed and caused by non-malignant conditions,
generating very litle WMT microstructural changes.'* However,
reorganization of the WMT and of the functional areas in pedi-
atric patients’ brains have been widely reported in the litera-
ture.'”'® Therefore, a thorough pre-operative work-up should be
performed, in order to properly demarcate the area to be excised
and the associated eloquent areas that should be respected
during surgery, by using multiple modalities such as scalp EEG,
video EEG, fMRI, tractography, among others.'”

The role of diffusion tensor imaging in epilepsy
surgery

Diffusion-weighted imaging (DWI) and diffusion tensor imaging
(DTI) are MRI sequences that are highly sensitive to diffusion of
water molecules within the brain.'”'® This diffusion takes place
in a 3D-space, therefore when water molecules move freely in
all directions at the same rate, e.g. within the cerebrospinal fluid
(CSE), the 3D shape that represents this type of diffusion will be
a sphere and is called isotropic diffusion; in contrast, when diffu-
sion is limited by cell membranes, e.g. as within the WMT, the
movement becomes limited and forced in an specific direction
making the 3D shape that represents this type of diffusion an
ellipsoidal shape (anisotropic diffusion)'’ (Figure 1). The main
direction of anisotropic diffusion, which will most certainly
be higher and well defined within the WMT, is usually colour-
coded as red (left-right), green (anteroposterior) and blue
(superior—inferior).10’18

All of these data are used for the reconstruction of WMT in a
process known as tractography and is influenced by multiple
parameters, such as acquisition, fiber identification/reconstruc-
tion, mathematical modelling, region of interest (ROI) and stop-
ping thresholds.'* Amongst this, the most important parameters
are related with data acquisition: the number of gradient direc-
tions and the B-Value.'”'* As these numbers increase, so does the
spatial resolution and the precision of WMT reconstruction, as
more diffusion data are available to increase accuracy and reduce
false negatives.”'”'* For example, the routinely used DTI uses
<30 gradient directions and a B-value of 1000s mm 2, whereas
more advanced acquisitions involve a significantly higher

number of gradient directions and B-values of >1000s mm 2, in

2 0f12

BJR Open;3:20200002



BJR|Open

Original research: DTl in pediatric epilepsy surgery

Figure 2. (a) Reconstructed right-sided optic radiation (colour-encoded in green) pathway using the source FA DTI data and
probabilistic tractography methodology (FSL, University of Oxford, https://fsl.fmrib.ox.ac.uk/fsl/). The images were used for pre-
operative resection planning of a right hippocampal cavernoma (arrow) in a 16-year-old male patient. (b) Reconstructed left-sided
optic radiation (color-encoded in green) pathway using the source FA DTI data and probabilistic tractography methodology (FSL,
University of Oxford, https://fsl.fmrib.ox.ac.uk/fsl/). The images were used for pre-operative resection planning in a 16-year-old
male patient presenting with DNET in the left temporomesial region (arrows). DNET, dysembryoplastic neuroepithelial tumor; DTI,

diffusion tensor imaging; FA, fractional anisotropy.

the case of High Angular Resolution Diffusion-Weighted Data
(HARDI), or multiple B-values of 7000s mm~2 in the case of
Diffusion Spectrum Imaging (DSI).'*'**

Finally, the mathematical model and the fiber reconstruction
method are relevant as well, as they can be the difference between
computing one fiber per voxel to multiple fibers per voxel and
accurately dealing with fibers that come close together (kissing
fibers) or that cross-each other (crossing fibers).'*'” The most
used computational techniques to trace WMT are deterministic
and probabilistic tractography.”'*!* Deterministic tractography
traces a WMT from a start to an end point in the brain and can
only detect single fiber connections, meaning that it is signifi-
cantly affected by the presence of crossing/kissing fibers within
each voxel, often resulting in an inaccurate representation.'***!
In contrast, probabilistic tractography utilizes multiple iterations
to determine the most likely path of the WMT by generating
a map of connection probabilities meaning that it has a better
signal-to-noise ratio and is less affected by crossing/kissing
fibers, 141920

Regardless of the parameters used, the objective of tractography
in epilepsy surgery is showing how WMT are related, in three-
dimensional space, to the epileptogenic area as to prevent injury
and reduce the surgical footprint in the brain.”*** Figure 2
shows three pediatric case examples from the National Hospital
of Neurology and Neurosurgery in which DTI was used to isolate
the optic radiation (OR).

Rationale and objectives

DWTI and DTTI have been used for multiple diseases in the adult
population such as intracerebral hemorrhage,”” Parkinson’s
disease,”® outcome prediction after stroke,”” among others; and
even in the pediatric population, DTI has been used in diag-
nosis of brain malformations,”® and microstructural changes in
preterm infants.”” The role of DTI and advanced tractography
algorithms have been extensively assessed and proven effective
in the adult population.'***** However, a concise analysis of the
literature reporting the use of DTI in pre-operative planning

for pediatric epilepsy surgery is lacking. A systematic review
of DTI in pediatric epilepsy by Szmuda et al. was published in
2016.”" However, although the study was referred to as pedi-
atric, it incorporated studies with adult populations, e.g. of the
six case—control studies they report,”’  focusing on temporal
lobe epilepsy and comprising of a total of 254 participants (both
cases and controls), only 31 were under 19 years of age. Further-
more, their study didn’t report the number of included pediatric
patients, but rather the number of included articles that inter-
estingly also incorporated 11 review articles and 1 systematic
review, a rather curious approach in a systematic review.”” Our
work aims to specifically review the existing pediatric literature
and summarize the use of DTT in children only (0-18 years-old)
and illustrate how this imaging method modified the surgical
plan, improved or predicted the functional outcome after

epilepsy surgery.

METHODS AND MATERIALS

The present systematic review was undertaken with reference to
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA): The PRISMA Statement.””** The protocol
of this review was elaborated by following the checklist by the
preferred reporting items for systematic review and meta-analysis
protocols (PRISMA-P) 2015 statement’’ and can be found in the
appendix section. Additionally, it was registered in the interna-
tional prospective register of systematic reviews (PROSPERO:
https://www.crd.york.ac.uk/prospero/), ID: CRD42019120277.

Eligibility criteria

A systematic review of the available scientific literature was
conducted from inception to January 10, 2019 and only arti-
cles on peer-reviewed, indexed journals written in english were
considered. Inclusion criteria for the selection of the studies were:
(1) inclusion of pediatric patients (0-18 year-old) with diagnosis
of intractable epilepsy, (2) who had undergone epilepsy surgery
and (3) who had undergone DTI for pre-operative planning
including localization of epileptogenic regions or lesions, local-
ization of tracts to avoid injury or language lateralization. Exclu-
sion criteria included: (1) articles whose majority of patients
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were adults or papers that didn’t allow for the extraction of
only the pediatric population, (2) abstracts, letters to the editor,
opinion articles or editorials, (3) literature or systematic reviews,
(4) articles were the use of DTT was merely reported but its utility
in the case was not clear. The articles had to report at least one
functional outcome such as motor function, language function,
visual function or somatosensory function. Data regarding post-
surgical seizure-free status was also gathered when reported. All
study designs were considered, including case reports as long as
they met the inclusion and quality criteria.

Information sources

Studies were identified by searching the following data-
bases: PubMed (Inception-January 10, 2020), Ovid-EMBASE
(Inception-January 10, 2020), and Scopus (Inception-January
10, 2020). No filters were applied on the searches and the last
search was run in January 10, 2020. In addition, the author also
searched for additional articles on the references of selected
journal articles that were considered relevant to the current
review. Screening of gray literature was not conducted for this
review.

The following key terms were used to search the aforementioned
databases: DT1, Diffusion Tensor Imaging, Preoperative, Surgery,
Surgical, Operation, Neurosurgery, Epilepsy, Seizure, Convul-
sion, Ped*,Child*,Pediatric with a combination of the Boolean
Terms “AND” and “OR”. The full search terms used in each data-
base can be found in the Appendix.

Study selection

Studies were selected using the aforementioned inclusion and
exclusion criteria, independently by two reviewers, firstly by
looking at the abstracts and a second screening was performed
by reading the full text of the remaining articles. The selection
of articles was performed completely and independently by the
two reviewers and any disagreements were resolved by discus-
sion and consensus. Patients included in our analysis included
only those younger than 19 years of age. If a study reported older
patients, they were excluded from analysis. Data were inde-
pendently extracted by the two blinded reviewers using and excel
spreadsheet of predefined categories that needed to be sought in
each paper. The categories included: study design, sample size,
gender, age, imaging modalities used and parameters, clin-
ical/pathological diagnosis, main findings, motor outcome,
language outcome, sensory outcome, visual outcome and post-
surgical seizure freedom. Data were compared afterwards, and
any discrepancies were solved by discussion and consensus. As
significant heterogeneity was noticed, the results will be analyzed
in a qualitative and descriptive manner. All the articles were
managed in the Mendeley Reference Manager Software, that was
also utilized to remove duplicates.

Risk of bias

Risk of bias was assessed by JL and IC, by using the tool devel-
oped by the University of Bristol known as QUADAS-2 (https://
www.bristol.ac.uk/population-health-sciences/projects/quadas/
quadas-2/). Any discrepancies were solved by discussion and

agreement on a final punctuation. The bias assessment of each
included study can be found in Figure 3.

RESULTS

Identification of the studies

The most common reasons for exclusion were, but not limited
to, inclusion of an important proportion of adult patients within
the study’s sample, no clear report of functional neurological
outcome, no clear use of DTT or how DTI was used either for
surgical planning and/or outcome prediction. A total of 13
studies (6 case reports, 5 retrospective studies, and 2 prospec-
tive studies) were finally included for qualitative synthesis since
a meta-analysis was not possible due to the different outcomes
reported. Figure 3 shows the results of bias assessment of each
individual study. Figure 4 shows the flowchart of the selection
process. Table 1 includes a summary of the main characteristics
of the 13 included studies.

Motor outcome

Ofthe analyzed studies, seven reported the use of DTT and its rela-
tionship to the patient’s motor outcome.””*"*>*~>! The studies
by Kokkinos and Shinoda were case reports in which DTT was
used to assess the relationship of the corticospinal tracts (CST)
with the region of interest resulting in a tailored surgical plan
to avoid this tract resulting in preservation of motor function
in both patients..""*> Yang et al reported on a prospective study
analyzing 16 patients and using HARDI diffusion-weighted data
which enabled a tailored surgical plan resulting in 100% preser-
vation of post-operative motor function.”’ Finally, the last three
studies by Nelles, Jeong and Wang focused on the use of DTI
for predicting motor outcome after epilepsy surgery and showed
that quantitative values calculated with DTT, such as FA and the
robustness of the CST, can accurately predict post-operative
motor function with a specificity that ranges between 69.6 and
100% and a sensitivity of 80-85.7%"° " (Figure 5).

Language outcome

Three studies reported the use of DTI and its relationship with the
patient’s language outcome.**>** Two studies are case reports
and the study by Lee and collaborators includes the report of
different functional outcomes from which only five patients are
reported as language outcome. A total of seven patients between
the three studies and all the patients (100%) had complete pres-
ervation of language function after epilepsy surgery.

Visual field outcome

Five studies reported the use of DTI and its relationship with the
patient’s visual outcome.”****1*>*¢ The total number of pooled
patients is six, all the studies are case reports besides the one
by Lee and collaborators that only reported the use of DTI to
detect and preserve the OR in two patients. Only one patient had
a superior quadrantanopia due to lesion of the Meyer’s Loop.*’

Lesion localization

Only one article reported the use of DTT in localizing epilepto-
genic tubers in 15 patients with the diagnosis of Tuberous Scle-
rosis Complex (TSC).*® Their hypothesis was that ADC would
be increased in epileptogenic vs non-epileptogenic tubers. This
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Figure 3. QUADAS-2 Score agreed upon two blinded reviewers. This tool assesses the risk of bias as low, high or unclear in four
different parameters: patient selection, index test, reference standard and flow and timing.

)
c
2 Records identified through Records identified through Records identified through
§ PubMed database searching Scopus database searching EMBASE database searching
!:'3 (n=25) (n=35) (n=52)
)
3
\ 4 \4 A 4
Records after duplicates removed
(n =68)
o0
c
‘s
o
Q A 4
S
@ Records screened R Records excluded
(n =68) g (n=42)
—
M
Full-text articles assessed Full-text articles excluded,
F for eligibility > with reasons
i (n =26) (n = 8, functional
%’ outcomes not clearly
reported; n=2 included
adult patients; n=3
) conference abstracts )
'
2
k-]
3 A
E
= Studies included in
qualitative synthesis
(n=13)

Eom: Meher D, Likerati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting /tems for Systematic Reviews
and Meta-Analyses: The PRISMA Statement. Bl.aS Med 6(7): €1000097. doi:10.1371/ieurnal-nmed1000097

retrospective study that included 15 pediatric patients assessed
the usefulness of quantitative data obtained using both DWI
and DTT and showed that highest ADC values had a sensitivity
of 39.1%, specificity of 92.6% and accuracy of 86.5% for identi-
fying epileptogenic tubers from those that didn’t caused seizures.
ADC increased in epileptogenic vs non-epileptogenic tubers (p =
0.0031). Mean FA values showed no difference between epilepto-
genic or non-epileptogenic tubers (p = 0.77)..*°

Post-operative neurological status

10 of the 13 included studies reported post-operative seizure
control reporting Engel Class I in 97/161 (60.2%).2*40-*»44-4851
All of the analyzed studies report the post-operative neurological
status of the patient in the following domains: motor outcome,
language outcome and visual outcome. In the present study,
neurological outcome has been classified as favorable when an
improvement or maintenance of the pre-operative neurological
function was reported; whereas unfavorable included reports

of worsening neurological function. As shown on Table 2, be
it either due to its qualitative utility in showing the anatomical
relationships or its quantitative reporting for outcome predic-
tion, DTI is related with a high degree of favorable neurological
outcome.

DISCUSSION

This review showed that DTI can be useful in predicting and
improving the motor outcome in pediatric patients after surgery.
Our findings suggest that there are studies that confirm that
quantitative DTT data can be used to predict the motor outcome
after surgery, as well as studies that suggest that the use of DTI
for pediatric epilepsy surgery is a useful tool to determine the
course and localization of WMT and their relationships with
the region of interest to be respected. Various of our included
studies show that the use of DTI helps in creating a tailored
plan that results in better functional outcome. However, caution
is advised since the pool of patients included are heterogenous
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Figure 4. PRISMA flowchart of the selection process of the articles assessed for final analysis.'© PRISMA, Preferred Reporting

ltems for Systematic Reviews and Meta-Analyses.
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as well as the tractography techniques being used. A previous
systematic review, published in 2016, reported the utility of DTI
in pediatric epilepsy patients.”’ However, this review was more
focused on reporting the available studies on DTI, including
even literature reviews and one systematic review, and assessing
them through “rapid evidence assessment”, focusing more on
reporting study design, quality, country of origin and general
findings. As discussed before, their study included mixed pools
of patients, adults and pediatric alike, and didn’t report the
number of patients or their functional neurological outcome.”
Our review, on the other hand, only included the studies
reporting, in its majority, pediatric patients as well as different
functional outcomes including both neurological outcome and
seizure freedom.

The major premise to epilepsy surgery is that any resection is
undertaken with minimal or no adverse functional outcome. This
is specifically relevant to motor function. While studies included
here did show that quantitative DTT data can be used to predict the

100% 0% 20% 40% 60% 80% 100%

Proportion of studies with low, high, or unclear
CONCERNS regarding APPLICABILITY

motor outcome after surgery,”’ " despite having a good number
of patients (n = 85), as well as clear inclusion and exclusion criteria,
they analyzed different parameters. For example, Jeong et al*’ used
aspecific type of DTT to evaluate how fibre location related to those
defined utilizing direct electrical stimulation of the brain and how
resection in areas of higher density related to worse post-operative
outcome. To the contrary, Nelles et al’' used the measurement of
FA as a marker of post-operative motor outcome and reported a
sensitivity of 80% and a specificity of 69.9% in predicting worse
motor outcome. The role of DTI in the pre-operative planning
of surgery is clearly stablished,”>>* however due to the lack of
evidence and the different parameters assessed on the available
evidence, more studies are desirable in order to determine the
best surrogate marker from quantitative DTI data to predict post-
operative motor outcome in pediatric epilepsy patients. Also,
longer duration of follow-up period is required in order to assess
whether motor strength remains after the initial post-surgical
period, as well as whether patients with poor immediate motor
outcome undergo some degree of recovery.
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before epilepsy surgery that involves particularly the temporal
lobe.”” More studies with a larger number of patients are needed
to implement the use of DTT and show its usefulness in pediatric
epilepsy surgery as well as determining the best parameters to be
used for the tractography.

Finally, the study done by Chandra and collaborators used quan-
titative data of DWI and DTI to possibly assess and differentiate
epileptogenic from non-epileptogenic tubers in 15 patients diag-
nosed with TSC. Despite the positive correlation of ADC values
with identification, care must be taken since not all tubers were
assessed in the same way and a larger cohort of patients would be
desirable before ADC values could be safely used to distinguish
between these lesions, considering such should be performed as
part of a comprehensive presurgical evaluation.*®

One such way, as has been already implemented in adults, could
be the used of computational MRI analysis and the construction
of 3DMMI maps that can be uploaded to a neuronavigational
software that would enable the neurosurgeon to both plan the
surgery and know exactly the area of resection while performing
the surgery.”” ' Besides using it for planning the electrode’s
trajectory, as most of the studies in adults patients have done,
3DMMI can also aid in lesion resection and can become partic-
ularly useful when the epileptogenic areas are not clearly demar-
cated by a lesion.”” In these circumstances, the neurosurgeon
needs to operate in an area without clear anatomical boundaries,
so the use of 3DMMI integrated with neurophysiological data
can aid not only in the surgical planning, but also intraopera-
tively with the use of iMRI to confirm the area of resection and
create 3D models beforehand that can be exported and used in
the neuronavigational software as guidance during surgery.”
Certainly, the use of this type of software could aid in reducing
the neurosurgical footprint in the brain by further integrating
the data obtained by DTI which reconstructs the WMT that can
be closely related to the region of resection.'* Multiple studies by
Winston et al and Duncan et al have shown the usefulness of DTI
in outcome prediction as well as surgical planning and intraop-
erative guidance during epilepsy surgery in adults,”>****% the
acquisition of further data on utilization of such techniques
in children is warranted. Certainly, DTI cannot be used as the
sole imaging modality for pre-operative planning, but rather as
another tool in an arsenal composed of different non-invasive
imaging techniques that, through 3DMMI, can improve the
functional neurological outcome in pediatric epilepsy patients.

In summary, our review has shown that the DTT can be a useful
tool to determine the course and localization of WMT and
help in creating a tailored plan for better functional outcome as
reported by the included studies. However, due to the heteroge-
neity of the included patients as well as the tractography param-
eters, a categorical recommendation cannot be given. DTI seems
to have an advantage in predicting post-surgical motor outcome,

however, prospective studies with longer follow-up periods
are desired in order to assess whether motor strength remains
after the initial post-surgical period or if patients with poor
immediate outcomes undergo some degree of recovery. More-
over, such studies might be also useful to determine surrogate
markers for quantitative DTT in order to predict other functional
outcomes such as language and vision preservation. Nonethe-
less, this review reveals that there is an unexplained lack of focus
regarding tractography techniques in pediatric epilepsy patients
and that the available studies don’t include the use of advanced
acquisition techniques such as DSI, constrained spherical decon-
volution, among others. Therefore, further studies including
better techniques to ensure a low rate of false-positive fiber
reconstruction are needed in order to obtain the full picture for
its utilization among pediatric patients, as this is a desirable field
of study because these types of techniques offer a non-invasive
approach which is attractive in this type of patients.

ACKNOWLEDGMENTS

The authors would like to thank Dr Laura Mancini at the Depart-
ment of Neuroradiology, The National Hospital for Neurology
and Neurosurgery, UCL Hospitals, London for her kind assis-
tance in post-processing the DTI datasets for Figure 1.

CONTRIBUTORS

Jose Leon-Rojas: Investigation, Methodology, Resources, Soft-
ware, Writing - original draft, Writing -review & editing. Isabel
Cornell: Data curation, Investigation, Validation. Antonio Rojas-
Garcia: Data curation, Formal analysis, Methodology, Writing
- review & editing. Jasmina Panovska-Griffiths: Data curation,
Formal analysis, Methodology, Writing - review & editing. Helen
Cross: Project Administration, Writing - review & editing. Felice
D’Arco: Project Administration, Writing - review & editing.
Sotirios Bisdas: Conceptualization, Methodology, Formal Anal-
ysis, Project Administration, Resources, Supervision, Writing -
original draft, Writing -review & editing. All authors commented
on previous versions of the manuscript. All authors read and
approved the final manuscript.

COMPETING INTERESTS

Author Jose Leon-Rojas declares he has no conflict of interest.
Author Isabel Cornell declares she has no conflict of interest.
Author Antonio Rojas-Garcia declares he has no conflict of
interest. Author Felice D’Arco declares she has no conflict of
interest. Author Jasmina Panovska-Griffiths declares she has
no conflict of interest. Author Helen Cross declares she has no
conflict of interest. Author Sotirios Bisdas declares he has no
conflict of interest.

AVAILABILITY OF DATA AND MATERIAL
Systematic Review Registered in PROSPERO https://www.crd.
york.ac.uk/prospero/), ID: CRD42019120277.

9 of 12 birpublications.org/bjro

BJR Open;3:20200002


https://www.crd.york.ac.uk/prospero/
https://www.crd.york.ac.uk/prospero/

BJR|Open Leon-Rojas et al

REFERENCES
1. Fisher RS, Acevedo C, Arzimanoglou A, Epilepsy Behav 2014; 37: 116-22. doi: https:// 21. Anastasopoulos C, Reisert M, Kiselev
Bogacz A, Cross JH, Elger CE, et al. ILAE doi.org/10.1016/j.yebeh.2014.06.020 VG, Nguyen-Thanh T, Schulze-Bonhage
official report: a practical clinical definition 12. Otte WM, van Eijsden P, Sander JW, Duncan A, Zentner J, et al. Local and global fiber
of epilepsy. Epilepsia 2014; 55: 475-82. doi: JS, Dijkhuizen RM, Braun KPJ. A meta- tractography in patients with epilepsy. AJNR
https://doi.org/10.1111/epi.12550 analysis of white matter changes in temporal Am J Neuroradiol 2014; 35: 291-6. doi:
2. Aaberg KM, Gunnes N, Bakken IJ, lobe epilepsy as studied with diffusion tensor https://doi.org/10.3174/ajnr.A3752
Lund Seraas C, Berntsen A, Magnus P, et al. imaging. Epilepsia 2012; 53: 659-67. doi: 22. Winston GP, Yogarajah M, Symms MR,
Incidence and prevalence of childhood https://doi.org/10.1111/j.1528-1167.2012. McEvoy AW, Micallef C, Duncan JS.
epilepsy: a nationwide cohort study. 03426.x Diffusion tensor imaging tractography
Pediatrics 2017; 139: €20163908. doi: https:// 13. Govindan RM, Makki MI, Sundaram SK, to visualize the relationship of the optic
doi.org/10.1542/peds.2016-3908 Juhész C, Chugani HT. Diffusion tensor radiation to epileptogenic lesions prior to
3. Russ SA, Larson K, Halfon N. A national analysis of temporal and extra-temporal lobe neurosurgery. Epilepsia 2011; 52: 1430-8.
profile of childhood epilepsy and seizure tracts in temporal lobe epilepsy. Epilepsy Res doi: https://doi.org/10.1111/j.1528-1167.
disorder. Pediatrics 2012; 129: 256-64. doi: 2008; 80: 30-41. doi: https://doi.org/10.1016/ 2011.03088.x
https://doi.org/10.1542/peds.2010-1371 j.eplepsyres.2008.03.011 23. Winston GP, Daga P, Stretton ], Modat
4. Rwiza HT, Kilonzo GP, Haule J, Matuja 14. Essayed WI, Zhang F, Unadkat P, Cosgrove M, Symms MR, McEvoy AW, et al. Optic
WB, Mteza I, Mbena P, et al. Prevalence GR, Golby AJ, O'Donnell L]. White matter radiation tractography and vision in anterior
and incidence of epilepsy in Ulanga, a rural tractography for neurosurgical planning: a temporal lobe resection. Ann Neurol 2012;
Tanzanian district: a community-based topography-based review of the current state 71: 334-41. doi: https://doi.org/10.1002/ana.
study. Epilepsia 1992; 33: 1051-6. doi: https:// of the art. Neuroimage Clin 2017; 15: 659-72. 22619
doi.org/10.1111/j.1528-1157.1992.tb01758.x doi: https://doi.org/10.1016/j.nicl.2017.06. 24. Taylor PN, Sinha N, Wang Y, Vos SB, de Tisi
5. Steinbok P, Gan PYC, Connolly MB, 011 ], Miserocchi A, et al. The impact of epilepsy
Carmant L, Barry Sinclair D, Rutka J, et al. 15. Gondo K, Kira R, Tokunaga Y, surgery on the structural connectome and its
Epilepsy surgery in the first 3 years of life: a Harashima C, Tobimatsu S, Yamamoto relation to outcome. Neuroimage Clin 2018;
Canadian survey. Epilepsia 2009; 50: 1442-9. T, et al. Reorganization of the primary 18: 202-14. doi: https://doi.org/10.1016/j.
doi: https://doi.org/10.1111/j.1528-1167. somatosensory area in epilepsy associated nicl.2018.01.028
2008.01992.x with focal cortical dysplasia. Dev Med Child 25. Kumar P, Yadav AK, Misra S, Kumar A,
6. Kwan P, Arzimanoglou A, Berg AT, Brodie Neurol 2000; 42: 839. doi: https://doi.org/10. Chakravarty K, Prasad K. Prediction of
M], Allen Hauser W, Mathern G, et al. 1017/50012162200001547 upper extremity motor recovery after
Definition of drug resistant epilepsy: 16. Yuan W, Szaflarski JP, Schmithorst VJ, subacute intracerebral hemorrhage through
consensus proposal by the AD hoc Task force Schapiro M, Byars AW, Strawsburg RH, et al. diffusion tensor imaging: a systematic review
of the ILAE Commission on therapeutic fMRI shows atypical language lateralization and meta-analysis. Neuroradiology 2016;
strategies. Epilepsia 2010; 51: 1069-77. doi: in pediatric epilepsy patients. Epilepsia 2006; 58: 1043-50. doi: https://doi.org/10.1007/
https://doi.org/10.1111/j.1528-1167.2009. 47: 593-600. doi: https://doi.org/10.1111/j. s00234-016-1718-6
02397.x 1528-1167.2006.00474.x 26. Atkinson-Clement C, Pinto S, Eusebio
7. Dwivedi R, Ramanujam B, Chandra PS, 17. Ghaffari-Rafi A, Leon-Rojas J. Investigatory A, Coulon O. Diffusion tensor imaging
Sapra S, Gulati S, Kalaivani M, et al. Surgery pathway and principles of patient selection in Parkinson's disease: review and meta-
for drug-resistant epilepsy in children. N for epilepsy surgery candidates: a systematic analysis. Neuroimage Clin 2017; 16: 98-110.
Engl ] Med 2017; 377: 1639-47. doi: https:// review. BMC Neurol 2020; 20: 100. doi: doi: https://doi.org/10.1016/j.nicl.2017.07.
doi.org/10.1056/NEJMoal615335 https://doi.org/10.1186/s12883-020-01680-w 011
8. Vorona GA, Berman J1. Review of diffusion 18. Yang E, Nucifora PG, Melhem ER. Diffusion 27. Kwon YH, Jeoung YJ, Lee ], Son SM, Kim S,
tensor imaging and its application in MR imaging: basic principles. Neuroimaging Kim C, et al. Predictability of motor outcome
children. Pediatr Radiol 2015; 45 Suppl 3: Clin N Am 2011; 21: 1-25. doi: https://doi. according to the time of diffusion tensor
375-81. doi: https://doi.org/10.1007/s00247- org/10.1016/j.nic.2011.02.001 imaging in patients with cerebral infarct.
015-3277-0 19. Farquharson S, Tournier J-D, Calamante F, Neuroradiology 2012; 54: 691-7. doi: https://
9. Luat AE Chugani HT. Molecular and Fabinyi G, Schneider-Kolsky M, Jackson GD, doi.org/10.1007/500234-011-0972-x
diffusion tensor imaging of epileptic et al. White matter fiber tractography: why 28. Poretti A, Meoded A, Rossi A, Raybaud
networks. Epilepsia 2008; 49 Suppl 3: 15-22. we need to move beyond DTI. ] Neurosurg C, Huisman TAGM. Diffusion tensor
doi: https://doi.org/10.1111/j.1528-1167. 2013; 118: 1367-77. doi: https://doi.org/10. imaging and fiber tractography in brain
2008.01506.x 3171/2013.2.JNS121294 malformations. Pediatr Radiol 2013; 43:
10. Huisman TAGM. Diffusion-Weighted and 20. YangJY-M, Beare R, Seal ML, Harvey AS, 28-54. doi: https://doi.org/10.1007/s00247-
diffusion tensor imaging of the brain, made Anderson VA, Maixner WJ. A systematic 012-2428-9
easy. Cancer Imaging 2010; 10 Spec no A: evaluation of intraoperative white matter 29. LiK, SunZ, Han Y, Gao L, Yuan L, Zeng
$163-71. doi: https://doi.org/10.1102/1470- tract shift in pediatric epilepsy surgery D. Fractional anisotropy alterations in
7330.2010.9023 using high-field MRI and probabilistic individuals born preterm: a diffusion tensor
11. Carlson HL, Laliberté C, Brooks BL, Hodge ], high angular resolution diffusion imaging imaging meta-analysis. Dev Med Child
Kirton A, Bello-Espinosa L, et al. Reliability tractography. ] Neurosurg Pediatr 2017; 19: Neurol 2015; 57: 328-38. doi: https://doi.org/
and variability of diffusion tensor imaging 592-605. doi: https://doi.org/10.3171/2016. 10.1111/dmen.12618
(DTTI) tractography in pediatric epilepsy. 11.PEDS16312
10 of 12 birpublications.org/bjro BJR Open,;3:20200002


https://doi.org/10.1111/epi.12550
https://doi.org/10.1542/peds.2016-3908
https://doi.org/10.1542/peds.2016-3908
https://doi.org/10.1542/peds.2010-1371
https://doi.org/10.1111/j.1528-1157.1992.tb01758.x
https://doi.org/10.1111/j.1528-1157.1992.tb01758.x
https://doi.org/10.1111/j.1528-1167.2008.01992.x
https://doi.org/10.1111/j.1528-1167.2008.01992.x
https://doi.org/10.1111/j.1528-1167.2009.02397.x
https://doi.org/10.1111/j.1528-1167.2009.02397.x
https://doi.org/10.1056/NEJMoa1615335
https://doi.org/10.1056/NEJMoa1615335
https://doi.org/10.1007/s00247-015-3277-0
https://doi.org/10.1007/s00247-015-3277-0
https://doi.org/10.1111/j.1528-1167.2008.01506.x
https://doi.org/10.1111/j.1528-1167.2008.01506.x
https://doi.org/10.1102/1470-7330.2010.9023
https://doi.org/10.1102/1470-7330.2010.9023
https://doi.org/10.1016/j.yebeh.2014.06.020
https://doi.org/10.1016/j.yebeh.2014.06.020
https://doi.org/10.1111/j.1528-1167.2012.03426.x
https://doi.org/10.1111/j.1528-1167.2012.03426.x
https://doi.org/10.1016/j.eplepsyres.2008.03.011
https://doi.org/10.1016/j.eplepsyres.2008.03.011
https://doi.org/10.1016/j.nicl.2017.06.011
https://doi.org/10.1016/j.nicl.2017.06.011
https://doi.org/10.1017/S0012162200001547
https://doi.org/10.1017/S0012162200001547
https://doi.org/10.1111/j.1528-1167.2006.00474.x
https://doi.org/10.1111/j.1528-1167.2006.00474.x
https://doi.org/10.1186/s12883-020-01680-w
https://doi.org/10.1016/j.nic.2011.02.001
https://doi.org/10.1016/j.nic.2011.02.001
https://doi.org/10.3171/2013.2.JNS121294
https://doi.org/10.3171/2013.2.JNS121294
https://doi.org/10.3171/2016.11.PEDS16312
https://doi.org/10.3171/2016.11.PEDS16312
https://doi.org/10.3174/ajnr.A3752
https://doi.org/10.1111/j.1528-1167.2011.03088.x
https://doi.org/10.1111/j.1528-1167.2011.03088.x
https://doi.org/10.1002/ana.22619
https://doi.org/10.1002/ana.22619
https://doi.org/10.1016/j.nicl.2018.01.028
https://doi.org/10.1016/j.nicl.2018.01.028
https://doi.org/10.1007/s00234-016-1718-6
https://doi.org/10.1007/s00234-016-1718-6
https://doi.org/10.1016/j.nicl.2017.07.011
https://doi.org/10.1016/j.nicl.2017.07.011
https://doi.org/10.1007/s00234-011-0972-x
https://doi.org/10.1007/s00234-011-0972-x
https://doi.org/10.1007/s00247-012-2428-9
https://doi.org/10.1007/s00247-012-2428-9
https://doi.org/10.1111/dmcn.12618
https://doi.org/10.1111/dmcn.12618

Original research: DTI in pediatric epilepsy surgery BJR|Open

30.

Szmuda M, Szmuda T, Springer ], Rogowska
M, Sabisz A, Dubaniewicz M, et al. Diffusion

tensor tractography imaging in pediatric 40.

epilepsy - A systematic review. Neurol
Neurochir Pol 2016; 50: 1-6. doi: https://doi.
org/10.1016/j.pjnns.2015.10.003

statement. Rev Esp Nutr Humana y Diet
2016; 20: 148-60.

Stefan H, Nimsky C, Scheler G, Rampp

S, Hopfengartner R, Hammen T, et al.
Periventricular nodular heterotopia: a
challenge for epilepsy surgery. Seizure 2007;

49.

Jeong J-W, Asano E, Juhasz C, Chugani HT.
Quantification of primary motor pathways
using diffusion MRI tractography and its
application to predict postoperative motor
deficits in children with focal epilepsy. Hum
Brain Mapp 2014; 35: 3216-26. doi: https://

31. Barron DS, Tandon N, Lancaster JL, Fox PT. 16: 81-6. doi: https://doi.org/10.1016/j. doi.org/10.1002/hbm.22396
Thalamic structural connectivity in medial seizure.2006.10.004 50. Wang AC, Ibrahim GM, Poliakov AV,
temporal lobe epilepsy. Epilepsia 2014; 55: 41. Kokkinos V, Garganis K, Kontogiannis K, Wang PI, Fallah A, Mathern GW, et al.
e50-5. doi: https://doi.org/10.1111/epi.12637 Zountsas B. Hemispherotomy or lobectomy? Corticospinal tract atrophy and motor fMRI
32. Liao W, Zhang Z, Pan Z, Mantini D, Ding the role of presurgical neuroimaging in a predict motor preservation after functional
J, Duan X, et al. Default mode network young case of a large porencephalic cyst cerebral hemispherectomy. J Neurosurg
abnormalities in mesial temporal lobe with intractable epilepsy. Pediatr Neurosurg Pediatr 2017; 21: 1-9. doi: https://doi.org/10.
epilepsy: a study combining fMRI and DTI. 2011; 47: 204-9. doi: https://doi.org/10.1159/ 3171/2017.7.PEDS17137
Hum Brain Mapp 2011; 32: 883-95. doi: 000330546 51. Nelles M, Urbach H, Sassen R, Schone-Bake
https://doi.org/10.1002/hbm.21076 42. Nagai Y, Fujimoto A, Okanishi T, Motoi JC, Tschampa H, Triber F, et al. Functional
33. Bonilha L, Nesland T, Martz GU, Joseph H, Kanai S, Yokota T, et al. Successful hemispherectomy: postoperative motor
JE, Spampinato MV, Edwards JC, et al. hemispherotomy for a patient with intractable state and correlation to preoperative DTL
Medial temporal lobe epilepsy is associated epilepsy secondary to bilateral congenital Neuroradiology 2015; 57: 1093-102. doi:
with neuronal fibre loss and paradoxical brain malformation with lateralized pyramidal https://doi.org/10.1007/s00234-015-1564-y
increase in structural connectivity of limbic tract of diffusion tensor image tractography. 52. Ng WH, Mukhida K, Rutka JT. Image
structures. ] Neurol Neurosurg Psychiatry Epilepsy Behav Case Rep 2016; 6: 30-2. doi: guidance and neuromonitoring in
2012; 83: 903-9. doi: https://doi.org/10.1136/ https://doi.org/10.1016/j.ebcr.2016.01.005 neurosurgery. Childs Nerv Syst 2010; 26:
jnnp-2012-302476 43. Rosenstock T, Picht T, Schneider H, Koch 491-502. doi: https://doi.org/10.1007/
34. Ellmore TM, Pieters TA, Tandon N. A, Thomale U-W. Left perisylvian tumor s00381-010-1083-4
Dissociation between diffusion Mr surgery aided by TMS language mappingina  53. Sivakanthan S, Neal E, Murtagh R, Vale
tractography density and strength in epilepsy 6-year-old boy: case report. Child’s Nerv Syst FL. The evolving utility of diffusion tensor
patients with hippocampal sclerosis. Epilepsy 2018;. tractography in the surgical management
Res 2011; 93(2-3): 197-203. doi: https://doi. 44. Mikela JP, Vitikainen A-M, Lioumis of temporal lobe epilepsy: a review. Acta
org/10.1016/j.eplepsyres.2010.11.009 P, Paetau R, Ahtola E, Kuusela L, et al. Neurochir 2016; 158: 2185-93. doi: https://
35. Stretton J, Winston GP, Sidhu M, Bonelli Functional plasticity of the motor cortical doi.org/10.1007/s00701-016-2910-5
S, Centeno M, Vollmar C, et al. Disrupted structures demonstrated by navigated TMS 54. Chen X, Weigel D, Ganslandt O, Buchfelder
segregation of working memory networks in two patients with epilepsy. Brain Stimul M, Nimsky C. Prediction of visual field
in temporal lobe epilepsy. Neuroimage Clin 2013; 6: 286-91. doi: https://doi.org/10.1016/ deficits by diffusion tensor imaging in
2013; 2: 273-81. doi: https://doi.org/10.1016/ j.brs.2012.04.012 temporal lobe epilepsy surgery. Neuroimage
j-nicl.2013.01.009 45. Shinoda J, Yokoyama K, Miwa K, Ito 2009; 45: 286-97. doi: https://doi.org/10.
36. XuY, Qiu S, Wang J, Liu Z, Zhang R, Li S, T, Asano Y, Yonezawa S, et al. Epilepsy 1016/j.neuroimage.2008.11.038
et al. Disrupted topological properties of surgery of dysembryoplastic neuroepithelial 55. Lilja Y, Ljungberg M, Starck G, Malmgren
brain white matter networks in left temporal tumors using advanced multitechnologies K, Rydenhag B, Nilsson DT. Tractography of
lobe epilepsy: a diffusion tensor imaging with combined neuroimaging and Meyer's loop for temporal lobe resection—
study. Neuroscience 2014; 279: 155-67. doi: electrophysiological examinations. Epilepsy validation by prediction of postoperative
https://doi.org/10.1016/j.neuroscience.2014. Behav Case Rep 2013; 1: 97-105. doi: https:// visual field outcome 11111, Acta Neurochir
08.040 doi.org/10.1016/j.ebcr.2013.06.002 2015; 157: 947-56. doi: https://doi.org/10.
37. Moher D, Liberati A, Tetzlaff ], Altman DG, 46. Chandra PS, Salamon N, Huang J, Wu JY, 1007/s00701-015-2403-y
.PRISMA Group Preferred reporting items Koh S, Vinters HV, et al. FDG-PET/MRI 56. James JS, Radhakrishnan A, Thomas
for systematic reviews and meta-analyses: coregistration and diffusion-tensor imaging B, Madhusoodanan M, Kesavadas C,
the PRISMA statement. PLoS Med 2009; distinguish epileptogenic tubers and cortex Abraham M, et al. Diffusion tensor imaging
6: €1000097. doi: https://doi.org/10.1371/ in patients with tuberous sclerosis complex: tractography of Meyer's loop in planning
journal.pmed.1000097 a preliminary report. Epilepsia 2006; 47: resective surgery for drug-resistant temporal
38. Liberati A, Altman DG, Tetzlaff ], Mulrow 1543-9. doi: https://doi.org/10.1111/j.1528- lobe epilepsy. Epilepsy Res 2015; 110: 95-104.
C, Gotzsche PC, Joannidis JPA, et al. The 1167.2006.00627.x doi: https://doi.org/10.1016/j.eplepsyres.
PRISMA statement for reporting systematic 47. Lee Y], Kang H-C, Lee JS, Kim SH, Kim D-§, 2014.11.020
reviews and meta-analyses of studies Shim K-W, et al. Resective pediatric epilepsy 57. Rodionov R, Vollmar C, Nowell M,
that evaluate healthcare interventions: surgery in Lennox-Gastaut syndrome. Miserocchi A, Wehner T, Micallef C, et al.
explanation and elaboration. BMJ 2009; 339: Pediatrics 2010; 125: €58-66. doi: https://doi. Feasibility of multimodal 3D neuroimaging
b2700. doi: https://doi.org/10.1136/bmj. org/10.1542/peds.2009-0566 to guide implantation of intracranial EEG
b2700 48. Lee M-], Kim HD, Lee JS, Kim D-§, Lee S-K. electrodes. Epilepsy Res 2013; 107(1-2): 91—
39. Moher D, Shamseer L, Clarke M, Ghersi Usefulness of diffusion tensor tractography 100. doi: https://doi.org/10.1016/j.eplepsyres.
D, Liberati A, Petticrew M. Preferred in pediatric epilepsy surgery. Yonsei Med | 2013.08.002
reporting items for systematic review and 2013; 54: 21. doi: https://doi.org/10.3349/ 58. Nowell M, Rodionov R, Zombori G, Sparks
meta-analysis protocols (PRISMA-P) 2015 ymj.2013.54.1.21 R, Rizzi M, Ourselin S, et al. A pipeline for
1M of 12 birpublications.org/bjro BJR Open,;3:20200002


https://doi.org/10.1016/j.pjnns.2015.10.003
https://doi.org/10.1016/j.pjnns.2015.10.003
https://doi.org/10.1111/epi.12637
https://doi.org/10.1002/hbm.21076
https://doi.org/10.1136/jnnp-2012-302476
https://doi.org/10.1136/jnnp-2012-302476
https://doi.org/10.1016/j.eplepsyres.2010.11.009
https://doi.org/10.1016/j.eplepsyres.2010.11.009
https://doi.org/10.1016/j.nicl.2013.01.009
https://doi.org/10.1016/j.nicl.2013.01.009
https://doi.org/10.1016/j.neuroscience.2014.08.040
https://doi.org/10.1016/j.neuroscience.2014.08.040
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1016/j.seizure.2006.10.004
https://doi.org/10.1016/j.seizure.2006.10.004
https://doi.org/10.1159/000330546
https://doi.org/10.1159/000330546
https://doi.org/10.1016/j.ebcr.2016.01.005
https://doi.org/10.1016/j.brs.2012.04.012
https://doi.org/10.1016/j.brs.2012.04.012
https://doi.org/10.1016/j.ebcr.2013.06.002
https://doi.org/10.1016/j.ebcr.2013.06.002
https://doi.org/10.1111/j.1528-1167.2006.00627.x
https://doi.org/10.1111/j.1528-1167.2006.00627.x
https://doi.org/10.1542/peds.2009-0566
https://doi.org/10.1542/peds.2009-0566
https://doi.org/10.3349/ymj.2013.54.1.21
https://doi.org/10.3349/ymj.2013.54.1.21
https://doi.org/10.1002/hbm.22396
https://doi.org/10.1002/hbm.22396
https://doi.org/10.3171/2017.7.PEDS17137
https://doi.org/10.3171/2017.7.PEDS17137
https://doi.org/10.1007/s00234-015-1564-y
https://doi.org/10.1007/s00381-010-1083-4
https://doi.org/10.1007/s00381-010-1083-4
https://doi.org/10.1007/s00701-016-2910-5
https://doi.org/10.1007/s00701-016-2910-5
https://doi.org/10.1016/j.neuroimage.2008.11.038
https://doi.org/10.1016/j.neuroimage.2008.11.038
https://doi.org/10.1007/s00701-015-2403-y
https://doi.org/10.1007/s00701-015-2403-y
https://doi.org/10.1016/j.eplepsyres.2014.11.020
https://doi.org/10.1016/j.eplepsyres.2014.11.020
https://doi.org/10.1016/j.eplepsyres.2013.08.002
https://doi.org/10.1016/j.eplepsyres.2013.08.002

BJR|Open

59.

60.

3D multimodality image integration and
computer-assisted planning in epilepsy
surgery. J Vis Exp 2016;: 1-10. doi: https://
doi.org/10.3791/53450

Nowell M, Sparks R, Zombori G, Miserocchi
A, Rodionov R, Diehl B, et al. Resection
planning in extratemporal epilepsy surgery
using 3D multimodality imaging and
intraoperative MRI. Br ] Neurosurg 2017,
31: 468-70. doi: https://doi.org/10.1080/
02688697.2016.1265086

Antel SB, Bernasconi A, Bernasconi N,
Collins DL, Kearney RE, Shinghal R,

61.

et al. Computational models of MRI
characteristics of focal cortical dysplasia
improve lesion detection. Neuroimage 2002;
17: 1755-60. doi: https://doi.org/10.1006/
nimg.2002.1312

Antel SB, Collins DL, Bernasconi N,
Andermann F, Shinghal R, Kearney RE,

et al. Automated detection of focal cortical
dysplasia lesions using computational models
of their MRI characteristics and texture
analysisA Neuroimage 2003; 19: 1748-59.
doi: https://doi.org/10.1016/S1053-8119(03)
00226-X

62.

63.

Leon-Rojas et al

Winston GP. The potential role of novel
diffusion imaging techniques in the
understanding and treatment of epilepsy.
Quant Imaging Med Surg 2015; 5: 279-87.
doi: https://doi.org/10.3978/j.issn.2223-4292.
2015.02.03

Daga P, Winston G, Modat M, White M,
Mancini L, Cardoso MJ, et al. Accurate
localization of optic radiation during
neurosurgery in an interventional MRI suite.
IEEE Trans Med Imaging 2012; 31: 882-91.
doi: https://doi.org/10.1109/TMI.2011.
2179668

12 of 12

birpublications.org/bjro

BJR Open;3:20200002


https://doi.org/10.3791/53450
https://doi.org/10.3791/53450
https://doi.org/10.1080/02688697.2016.1265086
https://doi.org/10.1080/02688697.2016.1265086
https://doi.org/10.1006/nimg.2002.1312
https://doi.org/10.1006/nimg.2002.1312
https://doi.org/10.1016/S1053-8119(03)00226-X
https://doi.org/10.1016/S1053-8119(03)00226-X
https://doi.org/10.3978/j.issn.2223-4292.2015.02.03
https://doi.org/10.3978/j.issn.2223-4292.2015.02.03
https://doi.org/10.1109/TMI.2011.2179668
https://doi.org/10.1109/TMI.2011.2179668

