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Mapping Lesion-Related Epilepsy to a Human Brain Network
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Importance: It remains unclear why lesions in some locations cause epilepsy while others do not. Identifying the brain regions
or networks associated with epilepsy by mapping these lesions could inform prognosis and guide interventions. Objective: To
assess Whether lesion locations associated with epilepsy map to specific brain regions and networks. Design, Setting, and
Participants: This case-control study used lesion location and lesion network mapping to identify the brain regions and net-
works associated with epilepsy in a discovery data set of patients with poststroke epilepsy and control patients with stroke.
Patients with stroke lesions and epilepsy (n = 76) or no epilepsy (n = 625) were included. Generalizability to other lesion types
was assessed using 4 independent cohorts as validation data sets. The total number of patients across all datasets (both
discovery and validation datasets) were 347 with epilepsy and | 126 without. Therapeutic relevance was assessed using deep
brain stimulation sites that improve seizure control. Data were analyzed from September 2018 through December 2022. All
shared patient data were analyzed and included; no patients were excluded. Main Outcomes and Measures: Epilepsy or no
epilepsy. Results: Lesion locations from 76 patients with poststroke epilepsy (39 [51%] male; mean [SD] age, 61.0 [14.6] years;
mean [SD] follow-up, 6.7 [2.0] years) and 625 control patients with stroke (366 [59%] male; mean [SD] age, 62.0 [14.1] years;
follow-up range, 3-12 months) were included in the discovery data set. Lesions associated with epilepsy occurred in multiple
heterogenous locations spanning different lobes and vascular territories. However, these same lesion locations were part of a
specific brain network defined by functional connectivity to the basal ganglia and cerebellum. Findings were validated in 4
independent cohorts including 772 patients with brain lesions (271 [35%] with epilepsy; 515 [67%] male; median [IQR] age, 60
[50-70] years; follow-up range, 3-35 years). Lesion connectivity to this brain network was associated with increased risk of
epilepsy after stroke (odds ratio [OR], 2.82; 95%Cl, 2.02-4.10; P < .001) and across different lesion types (OR, 2.85; 95%Cl,
2.23-3.69; P < .001). Deep brain stimulation site connectivity to this same network was associated with improved seizure
control (r, 0.63; P < .001) in 30 patients with drug-resistant epilepsy (21 [70%] male; median [IQR] age, 39 [32-46] years;
median [IQR] follow-up, 24 [16-30] months). Conclusions and Relevance: The findings in this study indicate that lesion-related
epilepsy mapped to a human brain network, which could help identify patients at risk of epilepsy after a brain lesion and guide
brain stimulation therapies.

Commentary

The role of functional anatomical networks in generating sei-
zures was first discussed by Gloor in 1968." Since then,
research advances have significantly revolutionized our under-
standing of human ictogenesis and brain networks. Both func-
tional and structural networks are often altered in focal
epilepsies® and such network alterations have been quantified
in various studies.> Eventually, the concept of epilepsy as a
network disease was formally introduced in the 2010 seizure

classification.” Over the past decade, the notion that epilepto-
genicity in both lesional and nonlesional focal epilepsies is
distributed across an epileptic network has become more
widely accepted.*

In this case—control study,” Schaper et al build upon the
existing understanding of epilepsy networks and attempt to
answer an exciting question using advanced lesion location and
lesion network mapping techniques: Does lesion-related epi-
lepsy across various etiologies and locations map to specific
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brain networks? The authors compared patients with post-
stroke epilepsy in the discovery dataset to controls who had
strokes but did not develop epilepsy. External validation to
assess the generalizability of results to other lesion types,
including hematomas, trauma, tumors, and tubers, was exam-
ined in 4 independent datasets.’

Lesion size, lobar location, vascular territory, and cortical
involvement have often been identified as risk factors for post-
stroke epilepsy.® SeLECT score, an internationally validated
multivariate prediction model, showed that severity of stroke
based on higher NIHSS scores, larger lesions, cortical involve-
ment, early seizures, large-artery atherosclerotic etiology, and
middle cerebral artery territory involvement are factors predictive
of post-stroke epilepsy.® Similar to these, authors found that after
stroke, bigger lesions and higher cortical damage were associated
with a higher epilepsy risk, while subcortical damage was asso-
ciated with a reduced epilepsy risk.” Contrary to previous litera-
ture, authors found no difference in epilepsy risk based on
vascular territory or lobar location.” They controlled all further
analyses for these potential risk factors for post-stroke epilepsy.

The strengths of the study lie in the use of advanced lesion
location and mapping techniques, highly sophisticated analyses
including multiple control analyses, and extensive external
validation of results in 4 separate datasets. Perhaps the study’s
most significant and notable contribution to existing knowl-
edge of brain connectivity and epilepsy networks is that it
analyzed the link between functional connectivity of lesions
and epilepsy irrespective of the lesion location and etiology,
something that has never been studied before. Schaper et al
found that despite the heterogeneity of the location and distri-
bution of lesions related to epilepsy, the lesion locations were
involved in certain brain networks described by functional con-
nections to subcortical regions, namely cerebellum and sub-
stantia nigra and globus pallidus interna in basal ganglia.
Negative functional connectivity of lesion locations to this net-
work was independently associated with an increased risk of
epilepsy across 5 different datasets. This association was irre-
spective of the type and etiology of the lesions. Negative func-
tional connectivity to subcortical regions may explain why
epilepsy occurs in certain cortical lesions but not others. How-
ever, prospective studies are needed to validate these findings
and combine connectivity with other variables to build more
accurate risk stratification models for epilepsy prediction.

It has been hypothesized that the therapeutic benefit of deep
brain stimulation (DBS) in various neurological disorders is
largely via neuromodulation of brain networks.” In other neu-
rological disorders, including Parkinson’s disease, structure
and functional connectivity between stimulation sites and
remote brain regions have been shown to be independent pre-
dictors of clinical outcomes.” Therefore, to understand the ther-
apeutic implications and relevance of subcortical functional
connectivity and brain networks, the authors analyzed a fifth
dataset of drug-resistant focal epilepsy (DRE) patients with
thalamic DBS. Positive functional connectivity of the DBS
sites to basal ganglia and cerebellum was associated with better
seizure outcomes. Some evidence from previous studies also

suggests that direct neuromodulation of basal ganglia and cer-
ebellum via DBS may offer therapeutic benefits in epilepsy. A
double-blinded randomized control trial of bilateral cerebellar
stimulation showed a significant reduction in tonic and tonic—
clonic seizures.® In another study, high-frequency stimulation
of the subthalamic nucleus has shown promising results for
DRE.’ Overall, these findings support the hypothesis that DBS
reduces seizures by neuromodulation of subcortical brain net-
works, especially basal ganglia and cerebellum. These findings
can inform therapeutic targets for future neuromodulation clin-
ical trials in epilepsy and may help select patients who are most
likely to benefit from DBS in clinical practice.

The biggest shortcoming of the current study is its retro-
spective study design, which has many inherent limitations,
including confounding factors and the inability to control for
a wide variety of factors that may have impacted the study
findings, such as stroke severity, etiology, and seizure fre-
quency to name a few. Additionally, the subcortical network
identified in this study is derived from people with focal lesions
in the brain. It remains unclear whether this can be applicable
to other common epilepsies, including generalized epilepsies,
mesial temporal lobe epilepsies, and nonlesional focal epilep-
sies. Another pitfall of the study is that the nonepilepsy controls
in the stroke cohort were likely underestimated because they
were not specifically evaluated for epilepsy. Lastly, functional
connectivity in epilepsy is often altered. Therefore, network
studies should utilize age-matched, patient and disease-
specific connectivity data. The current study did not analyze
the data in such a fashion, and functional connectivity data for
lesion network mapping was utilized from healthy participants.

In summary, this study addresses a longstanding contro-
versy of whether epilepsy is largely a cortical disease or if the
subcortex also has an important role to play. Its findings sug-
gest that despite individual epilepsy networks, common sub-
cortical networks likely play a significant role in focal
epilepsies. It demonstrates that basal ganglia and cerebellum
represent subcortical regions, which may represent a common
subcortical network across different types of focal epilepsies.
Negative functional connectivity of lesions to this subcortical
network is associated with higher epilepsy risk and positive
functional connectivity of the DBS site to this network is asso-
ciated with better therapeutic response in epilepsy. While these
findings can have significant prognostic and therapeutic impli-
cations in epilepsy across a wide variety of locations and etiol-
ogies of lesions, future prospective studies are needed to
ascertain if this network can be utilized in clinical practice for
the prognosis and management of epilepsy.

Ifrah Zawar, MD
Epilepsy Division, Department of Neurology,
School of Medicine, University of Virginia

ORCID iD

Ifrah Zawar (® https://orcid.org/0000-0002-6103-4250


https://orcid.org/0000-0002-6103-4250
https://orcid.org/0000-0002-6103-4250
https://orcid.org/0000-0002-6103-4250
https://orcid.org/0000-0002-6103-4250
https://orcid.org/0000-0002-6103-4250

30

Epilepsy Currents 24(1)

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financialsupport for
the research, authorship, and/or publicationof this article: American
Epilepsy Society and BAND foundation funding supported this
research work.

References

1.

Gloor P. Generalized cortico-reticular epilepsies some considera-
tions on the pathophysiology of generalized bilaterally synchro-
nous spike and wave discharge. Epilepsia. 1968;9(3):249-263.
doi:10.1111/J.1528-1157.1968.TB04624.X

. Slinger G, Otte WM, Braun PJ, Van Diessen E. An updated sys-

tematic review and meta-analysis of brain network organization in
focal epilepsy: looking back and forth. Neurosci Biobehav Rev.
2022;132:211-223. doi:10.1016/j.neubiorev.2021.11.028

. Berg AT, Berkovic SF, Brodie MJ, et al. Revised terminology and

concepts for organization of seizures and epilepsies: Report of the
ILAE Commission on Classification and Terminology, 2005-2009.
Epilepsia. 2010;51(4):676-685. doi:10.1111/j.1528-1167.2010
.02522.x

AN I

. Najm IM. Mapping brain networks in patients with focal epilepsy.

Lancet Neurol. 2018;17(4):295-297. doi:10.1016/S1474-
4422(18)30090-5

. Schaper FLWV]J, Nordberg J, Cohen AL, et al. Mapping lesion-

related epilepsy to a human brain network. JAMA Neurol. 2023;
80(9):891-902. doi:10.1001/JAMANEUROL.2023.1988

. Galovic M, Déhler N, Erdélyi-Canavese B, et al. Prediction of late

seizures after ischaemic stroke with a novel prognostic model (the
SeLECT score): a multivariable prediction model development and
validation study. Lancet Neurol. 2018;17(2):143. doi:10.1016/
S1474-4422(17)30404-0

. Horn A, Reich M, Vorwerk J, et al. Connectivity predicts deep

brain stimulation outcome in Parkinson disease. 2017;82(1):
67-78. doi:10.1002/ana.24974

. Velasco F, Carrillo-Ruiz JD, Brito F, et al. Double-blind, rando-

mized controlled pilot study of bilateral cerebellar stimulation for
treatment of intractable motor seizures. Epilepsia. 2005;46(7):
1071-1081. doi:10.1111/J.1528-1167.2005.70504.X

. Chabardés S, Kahane P, Minotti L, Koudsie A, Hirsch E, Benabid

A-L. Deep brain stimulation in epilepsy with particular reference to
the subthalamic nucleus. Epileptic Disord. 2002;4(3):83-93.
Accessed October 21, 2023. https://www.jle.com/fr/revues/epd/e-
docs/deep_brain_stimulation_in_epilepsy_with_particular_refer
ence_to_the_subthalamic_nucleus_110188/article.phtml?
tab=texte


https://www.jle.com/fr/revues/epd/e-docs/deep_brain_stimulation_in_epilepsy_with_particular_reference_to_the_subthalamic_nucleus_110188/article.phtml?tab=texte
https://www.jle.com/fr/revues/epd/e-docs/deep_brain_stimulation_in_epilepsy_with_particular_reference_to_the_subthalamic_nucleus_110188/article.phtml?tab=texte
https://www.jle.com/fr/revues/epd/e-docs/deep_brain_stimulation_in_epilepsy_with_particular_reference_to_the_subthalamic_nucleus_110188/article.phtml?tab=texte
https://www.jle.com/fr/revues/epd/e-docs/deep_brain_stimulation_in_epilepsy_with_particular_reference_to_the_subthalamic_nucleus_110188/article.phtml?tab=texte
https://www.jle.com/fr/revues/epd/e-docs/deep_brain_stimulation_in_epilepsy_with_particular_reference_to_the_subthalamic_nucleus_110188/article.phtml?tab=texte

	Seizing the Brain Networks in Lesional Focal Epilepsies
	Commentary
	ORCID iD
	Declaration of Conflicting Interests
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


