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Background and Objectives: Patients with presumed nonlesional focal epilepsy—based on either MRI or histopathologic
findings—have a lower success rate of epilepsy surgery compared with lesional patients. In this study, we aimed to characterize
a large group of patients with focal epilepsy who underwent epilepsy surgery despite a normal MRI and had no lesion on
histopathology. Determinants of their postoperative seizure outcomes were further studied. Methods: We designed an
observational multicenter cohort study of MRI-negative and histopathology-negative patients who were derived from the
European Epilepsy Brain Bank and underwent epilepsy surgery between 2000 and 2012 in 34 epilepsy surgery centers within
Europe. We collected data on clinical characteristics, presurgical assessment, including genetic testing, surgery characteristics,
postoperative outcome, and treatment regimen. Results: Of the 217 included patients, 40% were seizure-free (Engel I) 2 years
after surgery and one-third of patients remained seizure-free after 5 years. Temporal lobe surgery (adjusted odds ratio [AOR]:
2.62; 95% CI 1.19-5.76), shorter epilepsy duration (AOR for duration: 0.94; 95% CI 0.89-0.99), and completely normal his-
topathologic findings—versus nonspecific reactive gliosis—(AOR: 4.69; 95% CI 1.79-11.27) were significantly associated with
favorable seizure outcome at 2 years after surgery. Of patients who underwent invasive monitoring, only 35% reached seizure
freedom at 2 years. Patients with parietal lobe resections had lowest seizure freedom rates (12.5%). Among temporal lobe
surgery patients, there was a trend toward favorable outcome if hippocampectomy was part of the resection strategy (OR:
2.94; 95% CI 0.98-8.80). Genetic testing was only sporadically performed. Discussion: This study shows that seizure freedom
can be reached in 40% of nonlesional patients with both normal MRI and histopathology findings. In particular, nonlesional
temporal lobe epilepsy should be regarded as a relatively favorable group, with almost half of patients achieving seizure
freedom at 2 years after surgery-even more if the hippocampus is resected-compared with only | in 5 nonlesional patients who
underwent extratemporal surgery. Patients with an electroclinically identified focus, who are nonlesional, will be a promising
group for advanced molecular-genetic analysis of brain tissue specimens to identify new brain somatic epilepsy genes or
epilepsy-associated molecular pathways.

Commentary clinical decision-making, a scenario encountered not

The presence of a structural brain lesion in patients with
drug-resistant epilepsy significantly increases the likelihood
of identifying the seizure onset zone (SOZ) and achieving
seizure freedom following resective epilepsy surgery. The
absence of such detectable MRI lesions poses challenges for

infrequently in clinical practice. Previous literature reports
nonlesional MRI rates ranging from 35% to 43% in drug-
resistant epilepsy patients,'* and surgical outcomes for these
patients are less optimal compared to cases where epilepto-
genic lesions are present on MRI.
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Sanders et al® recently reported on surgical outcomes for
patients with MRI-negative and pathology-negative epilepsy
from the European Epilepsy Brain Bank Consortium. They
identified 217 patients for final analysis, with 69% (150/217)
undergoing temporal lobe surgery. The study revealed that
surgical outcomes achieving Engel class I overall were
47.4% at 1 year, gradually decreasing to 40% at 2 years, and
36.3% at 5 years post-surgery. This is lower compared to
lesional cases in the same cohort, which had seizure freedom
rates of 70%, 62%, and 60% at 1-, 2-, and 5-years post-surgery.
Temporal lobe epilepsy showed higher rates of seizure freedom
with Engel class T outcomes at 1, 2, and 5 years (58.1% vs
22.4%, 47.3% vs 20.9%, 41% vs 16.4%) compared to extra-
temporal cases. Additionally, they performed multivariate
regression analysis to help identify risk factors for predicting
Engel class I surgical outcomes at 2-year follow-up. It revealed
that temporal surgical location, normal histopathological find-
ings versus nonspecific gliosis, and shorter epilepsy duration
were significantly associated with favorable surgical outcomes
for MRI-negative and pathology-negative epilepsy patients.

This study provides an important piece of evidence for
evaluating MRI-negative drug-resistant epilepsy in clinical
practice. Although the overall favorable outcome of achieving
seizure freedom at 1 year is lower compared to cases with
detectable MRI lesions, the success rate reaches 63.3% when
the mesial temporal structure is considered part of the SOZ and
hippocampectomy is performed as part of temporal lobe sur-
gery, even in cases with negative MRI and pathology results.
This success rate is on par with the 70% success rate for
lesional surgical cases from the same database. In a previous
landmark paper, the 1-year seizure-free surgical outcome for
temporal lobe epilepsy was approximately 58% in a different
cohort, comprising a mix of lesional (85%) and non-lesional
cases (15%).* Similarly, this study reported a lower rate of
Engel class I outcome post-surgery follow-up for extratemporal
cases, with the subgroup of normal histopathological findings
showing slightly better outcomes at 1 year and 2 years
follow-up. This finding is consistent with a previous study of
MRI-negative extratemporal epilepsy case series (n = 24),
which reported a 38% patient excellent surgical outcome at
1 year and 10-year follow-up.” The efficacy of temporal lobe
epilepsy surgery is likely related to the fact that temporal lobe
epilepsy most commonly originates from the anteriomesial
temporal lobe, while in nonlesional extratemporal lobe epi-
lepsy, the networks implicated in epileptogenesis are often less
clearly delineated, posing a considerable challenge when devis-
ing surgical strategies for these patients.

It is worth pointing out some limitations of this study.
Firstly, there is a potential selection bias upon recruitment
due to the retrospective nature of the study. A total of 571
(68%) of 836 pathology-negative patients were identified with
sufficient information to assess eligibility for the study. Addi-
tionally, there is a notable loss of follow-up, with 43% of
patients not evaluated for long-term surgical outcomes at
5 years post-surgery. Furthermore, as the authors noted,
15% of extratemporal and 20% of temporal MRI and
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pathology-negative cases in the cohort did not undergo
intracranial electroencephalography (IEEG) prior to epilepsy
surgery. The reasons for this could not be retrieved due to the
retrospective study design, but it raises doubts about the true
SOZ identification and the completeness of resection of the
SOZ without intracranial EEG data in these cases. While other
modalities of diagnostic testing such as PET scans or MEG
may add additional value to identify the SOZ, in our practice,
it is not uncommon to encounter these patients ended up with
multifocal epilepsy based on IEEG data, and surgical planning
would significantly change when compared to cases without
this information.

While the focus of this study was on patients with
MRI-negative and pathology-negative epilepsy who underwent
surgery, the pathology information is often unavailable during
the presurgical workup in clinical practice. Therefore, the find-
ings may not be generalized in clinical practice to all cases of
MRI-negative drug-resistant epilepsy patients as pathology is
not known at the point of clinical decision-making during pre-
surgical evaluation. Previous studies have highlighted the most
common pathologies observed in MRI-negative cohorts,
including focal cortical dysplasia (45%), gliosis (22%), hamar-
tia and gliosis (13%), and hippocampal sclerosis (9%).° With
advancements in high-resolution MRI technology, the detec-
tion rate of subtle findings including focal cortical dysplasia
cases have significantly improved. Over the study period
(2000-2017), MRI has shown enhanced sensitivity, uncovering
an additional 18% to 23% of lesions in MRI-negative patients
previously examined with 1.5 T MRI scans.” This brings up
another major study limitation as one suspects a heterogeneous
cohort of lesional and “truly-nonlesional” cases to be mixed in
the cohort evaluated.

In cases of drug-resistant epilepsy with negative MRI and
pathology findings, identifying the underlying etiology is crit-
ical. According to the International League Against Epilepsy
(ILAE) classification, the etiology of epilepsy includes struc-
tural, metabolic, immune, genetic, infectious, and unknown
factors. While MRI-negative cases exclude the structural cate-
gory, the etiology of epilepsy can still vary broadly. Genetic
diagnostic workup has recently been recommended for all epi-
lepsy cases of unknown etiology, regardless of age.® However,
this was not routinely evaluated in the current study, as only 7%
of patients received genetic workup. A recent international
study demonstrated that genetic testing for epilepsy and the
resulting delivery of genetic epilepsy diagnoses often led to
clinical management changes within 3 months, with 64.7%
reporting a reduction or elimination of seizures after tailored
treatment.” Additionally, it’s important to acknowledge the
possibility of somatic variation, as mutations may occur solely
in the SOZ beyond germline mutations. Current research
endeavors are exploring the genetic mutation burden from the
samples extracted around IEEG leads or cerebrospinal fluid
and their correlation with surgical outcomes.'® With advance-
ments comparable to those seen in oncology field, the prospects
of molecular diagnosis and personalized treatment for epilepsy
appear promising for the near future.
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This study offers crucial insights into the surgical outcomes
of patients with MRI-negative and pathology-negative epi-
lepsy, illuminating a challenging clinical scenario. Despite the
absence of detectable lesions on MRI and histopathology, the
study reveals that a significant proportion of these patients
achieve seizure freedom following surgery, particularly in
cases of temporal lobe epilepsy. Furthermore, the findings
underscore the value of early surgical intervention for MRI and
pathology-negative refractory epilepsy cases, as it emerges as
an independent risk factor for favorable surgical outcomes.
Further research into the potential role of advanced molecular
diagnostics would add further value in guiding personalized
treatment approaches.

Yi Li, MD, PhD
Department of Neurology and Neurological Sciences,
Stanford University School of Medicine

ORCID iD
Yi Li @ http://orcid.org/0000-0003-0392-6661

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 financial support for
the research and/or authorship of this article: Dr. Yi Li receives
research support from the Stanford Maternal and Child Health
Research Institute and American Epilepsy Society.

References

1. McGonigal A, Bartolomei F, Regis J, et al. Stereoelectroencepha-
lography in presurgical assessment of MRI-negative epilepsy.
Brain. 2007;130(Pt 12):3169-3183.

10.

. Hainc N, McAndrews MP, Valiante T, Andrade DM, Wennberg

R, Krings T. Imaging in medically refractory epilepsy at 3 Tesla: a
13-year tertiary adult epilepsy center experience. Insights Ima-
ging. 2022;13(1):99.

. Sanders MW, Van der Wolf I, Jansen FE, et al, as the European

Epilepsy Brain Bank Consortium. Outcome of epilepsy surgery
in MRI-negative patients without histopathologic abnormalities
in the resected tissue. Neurology. 2024;102(4): e208007. doi:
10.1212/WNL.0000000000208007

. Wiebe S, Blume WT, Girvin JP, Eliasziw M Effectiveness and

Efficiency of Surgery for Temporal Lobe Epilepsy Study Group.
A randomized, controlled trial of surgery for temporal-lobe
epilepsy. N Engl J Med. 2001;345(5):311-318.

. Noe K, Sulc V, Wong-Kisiel L, et al. Long-term outcomes after

nonlesional extratemporal lobe epilepsy surgery. JAMA Neurol.
2013;70(8):1003-1008.

. Wang ZI, Alexopoulos AV, Jones SE, Jaisani Z, Najm IM,

Prayson RA. The pathology of magnetic-resonance-imaging-
negative epilepsy. Mod Pathol. 2013;26(8):1051-1058.

. Rados M, Mouthaan B, Barsi P, et al. Diagnostic value of MRI in

the presurgical evaluation of patients with epilepsy: influence
of field strength and sequence selection: a systematic review
and meta-analysis from the E-PILEPSY Consortium. Epileptic
Disord. 2022;24(2):323-342.

. Smith L, Malinowski J, Ceulemans S, et al. Genetic testing and

counseling for the unexplained epilepsies: an evidence-based
practice guideline of the National Society of Genetic Counselors.
J Genet Couns. 2023;32(2):266-280.

. McKnight D, Morales A, Hatchell KE, et al. Genetic testing to

inform epilepsy treatment management from an International
Study of Clinical Practice. JAMA Neurol. 2022;79(12):
1267-1276.

D’Gama AM, Poduri A. Brain somatic mosaicism in epilepsy:
bringing results back to the clinic. Neurobiol Dis. 2023;181:
106104.


http://orcid.org/0000-0003-0392-6661
http://orcid.org/0000-0003-0392-6661
http://orcid.org/0000-0003-0392-6661
http://orcid.org/0000-0003-0392-6661
http://orcid.org/0000-0003-0392-6661

	Out of Sight, Not Yet Out of Reach: Surgical Outcomes in MRI-Negative and Pathology-Negative Epilepsy Patients
	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 1.4
  /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


