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ABSTRACT - Prolonged status epilepticus may directly cause selective neu-
ronal necrosis due to excitotoxic mechanisms, as observed in experimental
models and described in case reports. A 36-year-old woman presented with
right hemiplegia and aphasia following a generalised tonic-clonic status
epilepticus of two hours duration. Accompanying serial MRI with advanced
imaging techniques, EEG and histopathology of the cortical tissue of the
patient were all compatible with excitotoxic neuronal necrosis. In this
histopathologically-proven rare case of status epilepticus-induced excito-
toxic neuronal injury, the observation of delayed cortical laminar necrosis
on MRI, together with paroxysmal lateralised epileptiform discharges on
the EEG, suggests that these changes may be an early sign of impending
and ongoing excitotoxic neuronal injury and delayed cell death caused by
glutamate release due to excessive neuronal firing in status epilepticus.

Key words: EEG, epilepsy, status epilepticus, MRI, MR spectroscopy

Selective neuronal necrosis is asso-  serial EEG, MRI and advanced imag-

Correspondence:

Fehim Arman

Acibadem University School of Medicine
Kadikoy Acibadem Hastanesi,

Tekin Sok. 8,

Kadikoy,

14710 Istanbul, Turkey
<fehimarman@yahoo.com>

ciated with hypoxia, ischaemia, toxic
factors, metabolic disturbances and
also status epilepticus (SE) (Tsuchida
et al, 2007). Case reports and
experimental studies suggest that
prolonged SE may directly cause
selective neuronal necrosis due to
excitotoxic mechanisms (Donaire
etal., 2006; Holmes, 2002; Wasterlain
et al, 1993). In this case report,
we aimed to demonstrate the pre-
sence and clarify the mechanisms
involved in the development of
excitotoxic neuronal injury (ENI)
in humans using accompanying

ing techniques including proton
spectroscopy, dynamic susceptibi-
lity contrast enhanced MRI and MR
angiography.

Case report

A 36-year-old woman was admitted
to the emergency unit with gene-
ralised tonic-clonic seizures of two
hours duration. At arrival, gene-
ralised tonic-clonic seizures were
observed and no focal seizures were
described by eyewitnesses. The
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patient’s history revealed that she was diagnosed with
mesial temporal lobe epilepsy in childhood and she
had had a right anterior temporal lobectomy eight
years ago for her refractory automotor seizures. In
spite of epilepsy surgery, she still experienced two
to three tonic-clonic seizures a year. Her antiepilep-
tic treatment consisted of lamotrigine (200 mg/d) and
clobazam (10 mg/d). She received levothyroxine at
50 mg/d due to hypothyroidism diagnosed five years
ago.

Neurological examination revealed an unconscious
patient with a Glasgow Coma Scale score of 7 and
righthemiplegia. She localised painful stimuli. She was
afebrile and there were no meningeal signs. Optic
fundi and cranial nerve examinations were normal.
Oculocephalic reflexes could be elicited. Deep ten-
don reflexes were decreased on the right and both
plantar responses were indefinite. Her systemic exami-
nation was unremarkable. Investigations revealed a
normal haemogram and metabolic parameters includ-

ing glucose, creatinine, urea, electrolytes, calcium,
magnesium, phosphorous and near-normal brain MRI
atadmission (figure TA). Herpes simplex virus PCR was
negative. Free T3, free T4 and anti-Tg levels were within
normal range. EEG disclosed generalised slowing with
left frontal sharp slow waves and reduced voltage on
the left (figure 2B). The seizures were immediately con-
trolled with anticonvulsant therapy that consisted of
iv diazepam and phenytoin in the emergency unit,
after which the patient was transferred to the inten-
sive care unit where metabolic parameters were stably
maintained during follow-up. On the third day, left
hemispheric paroxysmal lateralised epileptiform dis-
charges (PLEDs) emerged on EEG (figure 2C). Repeated
cranial MRI on the fourth day revealed a diffuse signal
increase in the left cerebrum on T2 weighted images,
vascular enhancement on postcontrast T1 weighted
images and prominent cortical diffusion restriction.
The volume of the left cerebrum had extensively
increased causing shift. There was intracranial vascular
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Figure 1. (A) First day: normal findings on postcontrast T1 (2), T2 (3) and diffusion weighted images (4). There is subtle cortical

hyperintensity on FLAIR images (1).

(B) Fourth day: diffuse signal increase in FLAIR (1) and T2 weighted image (2) and signal decrease in postcontrast T1 weighted image
(3) and diffusion restriction (4) in left cortical areas. Increased left cerebrum volume with shift to the right hemisphere in ADC (5). Left
hemispheric vascular signal asymmetry on collapsed 3D TOF image (6).

(C) Thirteenth day: pial enhancement on postcontrast T1 (1), signal changes on FLAIR (2), diffusion weighted images (3), hyperperfusion
on left cerebrum in rCBF (4) and decreased NAA, mioinositol, increased choline, glutamine-glutamate, lactate on short TE single voxel
proton spectroscopy (5).

(D) Cortical laminar necrosis plus basal ganglia and thalamus necrosis on T1 weighted image (1), prominent cerebral atrophy on T2
weighted image (2), reversed vascular changes on collapsed 3D TOF image (3), and decrease in all metabolite peaks except choline on
short TE proton spectroscopy (4).
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Figure 2. (A) Pre-status epilepticus EEG with rare left prominent centrotemporal spikes. (B) First day EEG: generalised slowing with left
frontal sharp waves. (C) Third day: left hemispheric PLEDs.
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Figure 3. Fourth day EEG: resolution of PLEDs, voltage depression on the left side.

signal asymmetry dominant on the left, on collapsed
3D TOF images (figure 1B) with voltage depression on
the left hemisphere with resolution of PLEDs on the
EEG on the same day (figure 3). On the seventh day,
brainstem compression signs were observed and the
patient underwent urgent decompressive surgery.
On the thirteenth day, MRI showed additional ipsi-
lateral deep grey matter involvement. There was
increased signal of the ipsilateral middle cerebral
artery on MRI, and leptomeningeal vascular enhance-
ment on postcontrast T1 weighted images (figure 1C).
3D TOF MRI angiography and dynamic susceptibility
contrast enhanced perfusion MRI revealed prominent
hyperperfusion on the ipsilateral hemisphere rather
than ischaemia. N-acetyl-L-aspartate (NAA)/creatine
and mioinositol/creatine ratios were decreased.
Choline/creatine and glutamine-glutamate/creatine
ratios were increased and there was a significant dou-
ble peak at 1.33 ppm, compatible with lactate on
short time of echo single voxel proton spectroscopy
(figure 1C). On the thirty-seventh day, which was the
late subacute/early chronic period, MRl and MR spec-
troscopy displayed significant alterations. There was
prominent ipsilateral cerebral atrophy with T1 hyper-
intensities both in cortical and deep grey matter. MR
Spectroscopy obtained at the same period showed
a prominent decrease in NAA/creatine, mioinosi-
tol/creatine and glutamate-glutamine/creatine ratios.
There was a dominant choline peak (figure 1D).
Pathological examination of the extirpated cortical tis-
sue disclosed diffuse changes that were composed
of allocortical tissue designated with selective corti-
cal and subcortical neuropil changes and neuronal
necrosis. Concurrently, some neurons had well pre-

served chromogranin particles (figure 4A) and intact
vascular structure. The pia-arachnoid membrane was
composed of regular elements (figure 4B). There was
no evidence of infection. As the patient became sta-
ble, she was discharged from the hospital with right
hemiplegia and aphasia.

Discussion

Selective neuronal necrosis develops in the neocor-
tex and hippocampus in experimental SE following
prolonged electrographic discharges (Tsuchida et al.,
2007). In the acute stage, astrocytosis is observed in the
histopathology and in the chronic stage there is cell
loss and gliosis (Corsellis and Bruton, 1983; DeGiorgio
et al., 1992; Fujikawa et al., 2000; Men et al., 2000;
Soffer et al., 1986). Evaluating the consequences of
SE in humans is difficult because most cases of SE in
humans are complicated by metabolic perturbations
(DeGiorgio et al., 1992; Fujikawa et al., 2000). In this
case report, other metabolic and toxic factors were
absent. Different mechanisms have been proposed
to lead to neuronal injury in SE. There is significant
increase in cerebral metabolic demand for glucose and
oxygen in SE that leads to a compensatory increase
in CBF. In the case of further metabolic demand,
adenosine triphosphate depletion and lactate accu-
mulation occurs and this leads to hypermetabolic
neuronal necrosis (Wasterlain et al.,, 1993). There
are also excitotoxic mechanisms mediated by both
N-methyl-D-aspartate (NMDA) and non-NMDA recep-
tors. In SE, glutamate plays an important role as an
excitatory neurotransmitter. The activation of NMDA

Epileptic Disord, Vol. 13, No. 4, December 2011

449



F. Arman, et al.

€
’ *.

CHR

Figure 4. (A) Selective neuronal necrosis, perikaryal vacuoles, perineural satellitosis and cytotoxic/vasogenic oedema, with intact vas-
cular structure (H&E: x200 original magnification). (B) Surviving viable neurons with observable chromogranin reactivity (biotinylated
streptavidin complement; chromogranin, x400 original magnification).

receptors mediates excitatory mechanisms and causes
calcium entry into the cell and excitotoxic cell death
(Holmes, 2002).

With regards to the aetiology of SE, the following
should be considered: antiepileptic drug (AED) non-
compliance, central nervous system (CNS) infection,
cerebrovascular disease, mass lesion, trauma, systemic
metabolic disorders, alcohol or drug withdrawal, and
substance abuse or other toxin exposure.

During serial MRI of the patient, a different pattern of
involvement was observed relative to acute ischaemia.
Normal findings immediately following SE and the late
appearance of areas of T2 signal changes with diffusion
restriction which did not respect vascular territories
were contrary to ischaemia and suggested delayed
development of neuronal injury. Systemic metabolic
disorders including encephalopathy associated with
thyroid disorder and mass lesion were excluded by
radiological and laboratory examinations. There were
no signs of CNS infection such as stiff neck, fever,
etc. Spinal tap at admission was not performed since
the patient had a history of epilepsy which was still
active, suggesting that the aetiology of SE was epilepsy
per se. Later in the course of the disease with deve-
lopment of cerebral oedema and shift, spinal tap was
contraindicated. PCR for herpes simplex virus was
negative and not suggestive of CNS infection, as
was the neuropathological examination which showed
no evidence of CNS infection. The patient’s history
did not reveal trauma, alcohol or drug withdrawal, sub-
stance abuse or other toxin exposure. However, since
the patient was unconscious, AED non-compliance
could not be assessed, i.e. it was not possible to
determine whether an AED dose was not taken.
Prominent hyperperfusion on dynamic susceptibility
contrast enhanced perfusion MRI and ipsilateral gyral
atrophy with T1 hyperintensities including basal gan-

gliaand thalamus was compatible with cortical laminar
necrosis. 3D TOF MRI angiography and dynamic sus-
ceptibility contrast enhanced perfusion MRI revealed
prominent hyperperfusion on the ipsilateral hemi-
sphere rather than ischaemia. NAA/creatine and
mioinositol/creatine ratio decrease, choline/creatine
and glutamine-glutamate/creatine ratio increase and
dominant double peak at 1.33 ppm compatible with
lactate on short time of echo single voxel proton
spectroscopy might be regarded as ongoing dynamic
cell turnover. During the late subacute/early chronic
period, MRl and MR spectroscopy findings and promi-
nent atrophy with T1 linear hyperintensities on the
ipsilateral gyrus were all compatible with cortical
laminar necrosis. There were also MRI findings of
basal ganglia and thalamus necrosis during the last
follow-up MRI visit. MR spectroscopy obtained at the
same period supported the necrosis with a promi-
nent decrease in NAA/creatine, mioinositol/creatine
and glutamate-glutamine/creatine ratios. The domi-
nant choline peak might be proof of ongoing dynamic
cell turnover. Normal MRI just after the episode and a
history of infrequent seizures makes it unlikely that the
neuropathological changes compatible with ENI were
present prior to the episode of SE. This injury may be
partly caused by excitatory neurotransmitter release
which is a late complication of excessive neuronal
firing in SE as shown in experimental models (Holmes,
2002). In experimental models, excitotoxic neuronal
necrosis is largely prevented by NMDA receptor anta-
gonists, suggesting that SE-induced neuronal damage
is partly mediated by NMDA receptors from excessive
endogenous glutamate release (Clifford et al., 1990;
Fariello et al., 1989; Fujikawa, 1995; Holmes, 2002).

The present case and other human cases from
the literature support animal models implicating
excitotoxic neuronal injury in SE with supporting
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histopathological evidence. It may further be hypo-
thesized that this phenomenon is closely related to the
proposed mechanisms of postictal paresis (Gallmetzer
etal., 2004).

The simultaneous appearance of changes in MRI
and MR spectroscopy, compatible with excitotoxic
neuronal injury and concomitant EEG changes charac-
terised by PLEDs, is significant. These changes may be
a clue of evolving and ongoing excitotoxic neuronal
injury or even radiological and electroencephalo-
graphic correlates of this process. More human
observations and experimental studies should be
carried out in order to uncover the mechanisms of
SE-induced excitotoxic neuronal injury. O
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This work was not supported by any grant and was presented as
a poster at the National Epilepsy Congress, Turkey 2009.

References

Clifford DB, Olney JW, Benz AM, Fuller TA, Zorumski
CF. Ketamine, phencyclidine and MK-801 protect against
kainic acidinduced seizure-related brain damage. Epilepsia
1990; 31:382-90.

Corsellis JAN, Bruton CJ. Neuropathology of status cpilep-
ticus in humans. In: Delgado-Escueta AV, Wasterlain CG,
Treiman DM, Porter RJ. Status epilepticus: mechanisms of
brain damage and treatment. New York: Raven Press, 1983:
129-39.

DeGiorgio CM, Tomiyasu U, Gott PS, Treiman DM. Hippocam-
pal pyramidal cell loss in human status epilepticus. Epilepsia
1992; 33:23-7.

Donaire A, Carreno M, GomezB, et al. Cortical laminar necro-
sis related to prolonged focal status epilepticus. J Neurol
Neurosurg Psychiatry 2006; 77: 104-6.

Fariello RG, Golden GT, Smith GG, Reyes PF. Potentiation
of kainic acid epileptogenicity and sparing from neuronal
damage by an NMDA receptor antagonist. Epilepsy Res
1989; 3: 206-13.

Fujikawa DG. The neuroprotective effect of ketamine
administered after status epilepticus onset. Epilepsia
1995; 36: 186-95.

Fujikawa DG, Itabashi HH, Wu A, Shinmei SS. Status
epilepticus induced neuronal loss in humans without
systemic complications or epilepsy. Epilepsia 2000;41:
981-91.

Gallmetzer P, Leutmezer F, Serles W, Assem-Hilger E, Spatt
J, Baumgartner C. Postictal paresis in focal epilepsies-
incidence, duration, and causes: a video-EEG monitoring
study. Neurology 2004; 62: 2160-4.

Holmes GL. Seizure induced neuronal injury animal data.
Neurology 2002; 59(suppl 5): S3-S4.

Men S, Lee DH, Barron JR, Munoz DG. Selective neuronal
necrosis associated with status epilepticus: MR findings. Am
J Neuroradiol 2000; 21: 1837-40.

Soffer D, Melamed E, Assaf Y, Cotev S. Hemispheric
brain damage in unilateral status epilepticus. Ann Neurol
1986; 20: 737-40.

Tsuchida TN, Barkovich JA, Bollen AW, Hart AP, Ferriero DM.
Childhood status epilepticus and excitotoxic neuronal injury.
Pediatr Neurol 2007; 36: 253-7.

Wasterlain CG, Fujikawa DG, Penix LR, Sankar R. Pathophysio-
logical mechanisms of brain damage from status epilepticus.
Epilepsia 1993; 34(suppl 1): S37-S53.

Epileptic Disord, Vol. 13, No. 4, December 2011

451




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier (FOGRA27)
  /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


