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ABSTRACT
Wepresent an illustrative case to address anterior temporal lobe atrophy with poor
delineation of the temporopolar gray-white matter interface based on T2-weighted
and fluid-attenuated inversion recovery (FLAIR) images in patients with temporal
lobe epilepsy associated with hippocampal sclerosis (TLE-HS). A 52-year-old
woman with pharmacoresistant seizures since the age of six months underwent a
previous MRI scan using a suboptimal protocol which was reported as
unremarkable. MRI performed according to an epilepsy protocol showed classic
signs of left HS and ipsilateral temporal polar atrophy with blurring of the gray-
white matter boundary on FLAIR images. She underwent a left amygdalohippo-
campectomy and anterior temporal resection and remains seizure-free after 24
months. Histopathological analyses showed HS and no signs of focal cortical
dysplasia (FCD). Blurring and atrophy of the ipsilateral temporal pole are common
in TLE-HS and often misinterpreted as FCD. This relates to delayed myelination in
patients with seizures before the age of two, is more pronounced on FLAIR
sequences, and gives a false impression of cortical thickening. However, the T1-
weighted images show a relatively well-demarcated cortical-subcortical transition
and normal cortical thickness. By contrast, the cortical thickening in FCD is
observed on both T1-weighted and FLAIR images. Since FCD also occurs in
temporal lobe regions, it is important to differentiate the extra-hippocampal MRI
abnormalities in TLE-HS from those likely to be FCD. This case highlights the
importance of evaluation based on detailed imaging, which should always be
conducted considering the EEG, seizure semiology, and other clinical information.
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Case study

A 52-year-old woman with a history of pharmacoresistant
seizures since the age of six months was admitted for
presurgical evaluation. Her seizures were stereotypical
and characterized by a subjective sensation of “difficult
to describe” non-specific aura. She also reported
episodes of ascending epigastric sensation, followed
by impaired awareness, oro-alimentary ictal automatism,
and head deviation to the left side. She had bilateral hand
automatism and postictal nose-wiping with the left hand.
Occasionally, she would collapse, with semiology
evolving to asymmetric clonic jerking, then to a bilateral
tonic-clonic seizure. Following the seizures, she was
confused and tired. The focal seizures with impaired
awareness occurred daily or several times per week.
Her antiseizure medications included levetiracetam at
1,000 mg bid, oxcarbazepine at 600 mg bid, and
clobazam at 10 mg QD. She previously tried pheno-
barbital, phenytoin, carbamazepine, lacosamide, val-
proic acid, clonazepam, and topiramate without
success. Her birth and development were normal,
and she had remarkable personal history for pro-
longed febrile seizure in early childhood.
Preadmission investigation from another center in-
cluded three routine EEGs with frequent interictal
spikes and sharp waves over the left anterior temporal
region were reported. One MRI scan performed six
years earlier in another department, with suboptimal
quality and without thin coronal cuts, was reported as
unremarkable. Based on a second MRI scan, abnormal
T2-weighted and fluid-attenuated inversion recovery
(FLAIR) signal in the left temporal pole was reported.

Course in hospital

A focused review of MRI, performed using the harmo-
nized neuroimaging of epilepsy structural sequences
(HARNESS-MRI) protocol [1], guided by the patient’s
semiology, revealed signs of left hippocampal sclerosis
(HS) [2], atrophy of the anterior temporal lobe, and an
increased FLAIR signal in the temporal pole white matter

associated with blurring of the gray-white matter
interface and apparent increased cortical thickness
(figure 1). The T1-weighted images, however, showed
only a mild signal change in the temporal pole white
matter, a clear demarcation between the gray and white
matter, and normal cortical thickness (figure 1).
Interictal EEG showed intermittent slowing predomi-
nantly in the medial-anterior left temporal lobe,
sometimes temporal intermittent rhythmic delta activ-
ity (TIRDA), and sharp waves typically maximum in
anterior temporal electrodes (figure 2). In three of her
habitual focal impaired awareness seizures, lateraliz-
ing signs (early head and eye left deviation and
postictal nose-wiping performed with the left hand)
were evident during scalp video-EEG monitoring. The
EEG seizure onset was in the left medial temporal
region, maximum at F7-T3 (figure 2).
Ictal single-photon emission computed tomography
(SPECT), performed during video-EEG monitoring,
showed marked hyperperfusion in the temporal lobe,
insula, and basal ganglia in the left hemisphere
(supplementary figure 1).
She underwent a left amygdalohippocampectomy and
anterior temporal lobe resection. The histopathology
showed HS ILAE type 1 [3]. The anterior temporal lobe
had a preserved cortical architecture and no histo-
pathological changes of focal cortical dysplasia (FCD)
(figure 3). She remains seizure-free 24 months after
surgery (Engel Class IA).

Discussion

This case highlights the importance of acquiring high-
resolution thin coronal MRI perpendicular to the long
axis of the hippocampi, along with 3D T1-weighted and
FLAIR images in patients with focal epilepsies, mainly
in those with semiology consistent with temporal lobe
seizures [1].
MRI should always be reviewed in light of the clinical
and EEG findings [1, 4]. Although our patient had long-
standing pharmacoresistant seizures, a suboptimal MRI
in another service was reported as normal, and surgery
was, unfortunately, not considered earlier. Despite
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its demonstrated benefits in reducing seizures and
improving quality of life, epilepsy surgery remains
critically underutilized in patientswith pharmacoresistant
epilepsy [5, 6]. Potentially eligible patients often have to
wait for decades until they receive presurgical investiga-
tions at tertiary centers and are eventually offered surgery
[7]. Our patient had TLE with seizure onset early in life,
with a clear semiology, EEG, and ictal SPECT indicating
a left anterior-mesial temporal seizure onset. MRI
performed with an optimized protocol showed left

hippocampal atrophy associated with hyperintense
T2-weighted and FLAIR signal and loss of the internal
structure, indicating HS that was confirmed by post-
operative histopathological assessment (figures 1, 3).
In addition to the signs of HS, theMRI showed atrophy
of the anterior temporal lobe with mild hyperintense
FLAIR signal and blurring of the gray-white matter
boundary in the left temporal pole (figure 1). The most
likely mechanism for this temporopolar blurring is
delayed myelination and arrest of white matter
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& Figure 1. Left hippocampal sclerosis and ipsilateral temporopolar blurring. (A) Axial FLAIR showing
hyperintense signal in the hippocampal head (arrow) and ipsilateral temporal pole atrophy with blurring of
the transition between gray matter and white matter and hyperintense signal in the white matter (white
arrow), also seen on coronal FLAIR images in (C) and (E). (B) Axial T1-weighted image shows discreet changes
in the white matter signal with preserved cortical thickness in the temporal pole, also demonstrated on
coronal T1-weighted images in (D) and (F). (G) Coronal FLAIR showing left hippocampal atrophy, flattening,
and hyperintense signal (arrow). (H) Coronal T1-weighted inversion recovery showing hypointense signal
and loss of normal internal hippocampal structure (arrow).
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& Figure 2. EEG findings. The top panel shows the onset of one of the patient’s habitual seizures recorded
during video-EEG monitoring (red arrow) on longitudinal bipolar montage. Note the muscle artifacts
followed by a rhythmic theta-like activity in the left anterior temporal lobe, maximal at F7-T3 (equipotential)
which becomesmore evident towards the end of the seizure (middle panel). The lower panel shows samples
of interictal slow sharp waves with phase reversals at F7 or equipotential between F7-T3. Different montages
also showed maximal involvement at the T1 electrode (not shown here). LFF: 0.3 Hz and HFF: 70 Hz.
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& Figure 3. Microscopic features of the hippocampal sectors and the anterior temporal lobe. (A-D)
Hippocampal sectors CA1 (A, C) and CA4 (B, D) showing neuronal loss and gliosis. C) Higher magnification
of the region shown in (A); the black arrow indicates a remaining pyramidal neuron, and the blue arrow
indicates one of the corpora amylacea in the gliotic background. (D) Higher magnification of the region
shown in (B) (dentate gyrus on the right); the black arrows indicate remaining neurons. (E-I) Microscopic
features of the temporal pole; no histopathological changes compatible with focal cortical dysplasia were
evident. (E) Low-power magnification highlighting the preserved architecture of the cortex. (F) Higher
magnification of the region shown in (E); the neurons (black arrows) show normal cytologic findings (size,
shape, and orientation). (G) Blurring of the gray (GM) and white matter (WM) boundary; the dotted line
shows the approximate cortical-subcortical transition. Histopathological analyses showed only an increase
in oligodendrocytes (mainly in the WM) and a few heterotopic neurons. (H, I) Immunohistochemical
markers for the population of cells in the white matter in (G). (H) Olig-2-positive oligodendrocytes (arrow). I)
NeuN-positive neurons (arrow). (A-G) H&E stain; (H, I) peroxidase. Scale bars = 100 mm (A, B and E); 50 mm
(C, D, G, H and I); 25 mm (F).

Temporopolar blurring and hippocampal sclerosis

Epileptic Disord, Vol. 24, No. 1, February 2022 • 5



development as a consequence of seizures before or
near the age of two [8-11]. This imaging feature,
frequently seen in TLE-HS, is often interpreted as a
focal cortical dysplasia (FCD). Since FCD also occurs in
the temporal lobe regions, it is important to differen-
tiate the extra-hippocampal MRI abnormalities in TLE-
HS from those likely to be FCD.
In patients with FCD type I, MRI is frequently normal or
shows diffuse or localized cerebral atrophy, while the
main MRI features of FCD type II are focal cortical
thickening and a mild degree of increased cortical signal
intensity on T2-weighted and FLAIR sequences, blurring
of the gray-white matter junction, focal abnormal cortical
gyration, and cerebrospinal fluid cleft-cortical dimple
[12]. The presence of hyperintense T2-FLAIR signal in the
subcortical whitematterwith awedge shape that extends
to the ipsilateral ventricle ependymal surface (transman-
tle sign) indicates FCD type IIb, although not all patients
with FCD IIb have a transmantle sign [12]. The cortical
thickening in FCD type II, in general, is seen both on
T1-weighted and T2-weighted FLAIR images (see supple-
mentary figure 2). A closer inspection of our patient’sMRI
revealed that the blurring of the left temporal pole is
pronounced on the FLAIR sequence but not on the
T1-weighted images; although there is a subtle signal
change in the white matter, the cortical-subcortical
transition is relatively well-demarcated (figure 1). More
importantly, the cortical thickness in the left temporal
pole is similar to that of the contralateral hemisphere,
which contrasts with an FCD lesion (compare figure 1
with the lesion shown in supplementary figure 2). As
confirmed by postoperative histopathology, our patient
did not have FCD, but anterior temporal lobe abnormali-
ties associated with TLE-HS [8].
The frequency of temporal pole signal abnormalities in
TLE varies from 28% up to 66% in retrospective series
[9-11, 13]. These abnormalities were always ipsilateral
to the atrophic hippocampus and defined as loss of
gray-white matter differentiation, associated with
abnormal signal on T2, FLAIR, and proton density
sequences. The variable frequency of temporal pole
abnormalities in TLE among different studies is
probably due to different MRI techniques.
Garbelli et al. [8] performed postoperative high-field
7T MRI ultrastructural morphological studies. They
showed that the temporopolar blurring in TLE-HS
patients was associated with degeneration of white
matter fibers and correlated with earlier seizure onset,
but not with seizure frequency. In their study,
postoperative 7T MRI showed a clear border between
gray and white matter in patients with temporal
blurring on preoperative 1.5T and 3T T2-weighted
images, but the signal intensity in the white matter was
heterogeneous. The presence of FCD, heterotopic
neurons in the white matter, or widespread gliosis
were equally distributed in TLE-HS patients with and

without temporopolar blurring, which indicates that
these histopathological abnormalities do not explain
the temporopolar blurring [8]. Furthermore, the
presence of temporopolar blurring, as shown in our
patient, was not found to correlate with postoperative
seizure outcome in patients with TLE-HS [8, 10, 14].
There has been an increasing number of MRI
postprocessing methods for aiding diagnosis of
epileptogenic lesions, mostly aimed at FCDs. Howev-
er, it is still unclear which method and MRI sequence
are better, given the lack of studies directly comparing
the different approaches [15]. In addition, it is still
undeterminedwhether these postprocessingmethods
will detect temporopolar blurring, but it is reasonable
to assume that methods based on T2 relaxometry and
diffusion tensor imaging would do better than
morphometric approaches using T1-weighted images.
The surgical approach for TLE-HS varies among
centers. Some perform selective amygdalohippocam-
pectomy (SAH) routinely, and others an anterior
temporal lobe resection (ATL) with varying degrees
of cortical resection [7]. Seizure outcome was similar
with either SAH or ATL for TLE-HS with temporopolar
blurring since the temporal pole is not epileptogenic
in these patients [14]. Nowadays, some centers are
using laser ablation. If one suspects an FCD in the
temporal pole, the surgical approach will perhaps
change for those performing selective approaches, but
not for those performing anterior temporal resection
plus amygdalohippocampectomy.
Altogether, these findings indicate apparent temporal
pole cortical thickening in patients with HS, which is
due to delayed myelination and arrest of white matter
development as a consequence of seizures before or
near the age of two, and, at least in part, related to
imaging resolution and a partial volume effect of FLAIR
images on 1.5 or 3T scans. Higher-resolution T1-
weighted images are helpful to differentiate blurring
caused by white matter developmental changes from
true increased cortical thickness, as demonstrated in
the present case report. &

Supplementary material.
Supplementary figures and summary slides accompanying the
manuscript are available at www.epilepticdisorders.com.
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TEST YOURSELF

(1) A 28-year-old woman has pharmaco-resistant seizures characterized by a subjective sensation of non-specific
aura which is “difficult to describe”, an ascending epigastric sensation followed by impaired awareness and head
deviation to the left side, and oroalimentary and bilateral hand ictal automatism followed by postictal nose-wiping
with the left hand. Interictal EEG shows left temporal intermittent rhythmic delta activity (TIRDA).
What is the minimum information that should be included in the MRI requisition form?

A. Seizures not yet diagnosed
B. 28-year-old woman with pharmaco-resistant epilepsy.
C. 28-year-old womanwith focal impaired awareness seizures, possible temporal lobe onset, side unknown.
D. 28-year-old woman with recurrent seizures, possible left temporal onset.
E. 28-year-old woman with recurrent seizures, possible right temporal onset.

(2) MRI scan performed using the HARNESS protocol, guided by the patient’s semiology, revealed signs of left
hippocampal sclerosis (HS), atrophy of the anterior temporal lobe and an increased FLAIR signal in the temporal pole
white matter associated with blurring of the gray-white matter interface and apparent increased cortical thickness.
How can you differentiate whether these findings in the temporal pole are related to a focal cortical dysplasia (FCD)
or whether one of the MRI changes is associated with HS?

A. By comparing the cortical-subcortical transition and cortical thickness on 3D T1-weighted and FLAIR
images with multiplanar reformatting.
B. By performing hippocampal volumetry.
C. By performing T2 relaxometry
D. By performing another MRI scan, adding MR spectroscopy.
E. By performing FDG-PET.

Temporopolar blurring and hippocampal sclerosis
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(3) Typical MRI features of focal cortical dysplasia (FCD) include:
A. MRI of FCD type I is frequently normal or shows diffuse or localized cerebral atrophy.
B. FCD type IIa presents with focal cortical thickening and amild degree of increased cortical signal intensity
on T2-weighted and FLAIR sequences.
C. The transmantle sign, best seen on a T2-FLAIR sequence, indicates FCD type IIb.
D. Cortical thickening in FCD type II is seen both on T1-weighted and T2-weighted/FLAIR sequences.
E. All of the above.

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com.

C.A. Clavijo Prado, et al.

8 • Epileptic Disord, Vol. 24, No. 1, February 2022



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /FRA <>
    /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 true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        28.346460
        28.346460
        28.346460
        28.346460
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B004800610075007400650020007200E90073006F006C007500740069006F006E005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


