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Deep-Seated Interictal Epileptiform
Activity: Another Reason to Lose Sleep

Sleep Disruption in Epilepsy: Ictal and Interictal Epileptic Activity Matter

Peter-Derex L, Klimes P, Latreille V, et al. Ann Neurol. 2020;88(5):907-920. doi:10.1002/ana.25884. PMID: 32833279.

Objective: Disturbed sleep is common in epilepsy. The direct influence of nocturnal epileptic activity on sleep fragmentation
remains poorly understood. Stereo-electroencephalography paired with polysomnography is the ideal tool to study this
relationship. We investigated whether sleep-related epileptic activity is associated with sleep disruption. Methods: We visually
marked sleep stages, arousals, seizures, and epileptic bursts in 36 patients with focal drug resistant epilepsy who underwent
combined stereo-electroencephalography/polysomnography during presurgical evaluation. Epileptic spikes were detected
automatically. Spike and burst indices (n/sec/channel) were computed across four 3-second time windows (baseline sleep,
prearousal, arousal, and postarousal). Sleep stage and anatomic localization were tested as modulating factors. We assessed
the intra-arousal dynamics of spikes and their relationship with the slow-wave component of nonrapid eye movement sleep
(NR) arousals. Results: The vast majority of sleep-related seizures (82.4%; 76.5% asymptomatic) were followed by awakenings
or arousals. The epileptic burst index increased significantly before arousals as compared to baseline and postarousal, irre-
spective of sleep stage or brain area. A similar prearousal increase was observed for the spike index in NR stage 2 and rapid eye
movement sleep. In addition, the spike index increased during the arousal itself in neocortical channels and was strongly
correlated with the slow-wave component of NR arousals (r ¼ 0.99, P < .0001). Interpretation: Sleep fragmentation in focal
drug-resistant epilepsy is associated with ictal and interictal epileptic activity. The increase in interictal epileptic activity before
arousals suggests its participation in sleep disruption. An additional increase in the spike rate during arousals may result from a
sleep–wake boundary instability, suggesting a bidirectional relationship.

Commentary

The interplay between sleep and epilepsy is multifaceted. Sleep

disruption is associated with poor seizure control, and interictal

epileptiform activity (EA) is activated during sleep, as shown

on long-term electrocorticographic data that are acquired for

months to years with a closed-loop implanted neurostimulator

system.1 Conversely, nocturnal seizures can interrupt sleep.

This bidirectional interaction is commonly observed in patients

with both focal and generalized epilepsy. In cross-sectional

studies of patients with focal onset epilepsy, a higher preva-

lence of subjective sleep disturbances, consisting primarily of

insomnia and sleep apnea, was seen compared to normal con-

trols.2 These disturbances were more common in uncontrolled

patients and were associated with severe impairment in quality

of life.3 Additional factors that can affect the quality of sleep in

patients with epilepsy include comorbid sleep or mood disor-

ders, medications effects, and nocturnal seizures.4 Nocturnal

seizures can fragment sleep, resulting in a reduction of total

sleep time and decreases in slow-wave (SW) and rapid eye

movement (REM) sleep. But even in the absence of nocturnal

seizures, marked sleep instability and increased nocturnal awa-

kenings have been reported in patients with generalized inter-

ictal EA.5 Most studies that have explored the relationship

between epilepsy and sleep have relied on scalp electroence-

phalogram (EEG) data, with its inherent inability to quantify

deep-seated EA. So, what is the temporal relationship between

EA, such as the one occurring in mesial temporal structures,

and sleep disruption?

In the study by Laure Peter-Derex et al,6 stereo-EEG

(SEEG) was combined with polysomnography (PSG) to eval-

uate the temporal effect of EA on sleep structure. The authors

performed a retrospective evaluation of 36 adult patients with

drug-resistant epilepsy and a well-defined seizure-onset zone.

Nineteen patients had extratemporal epilepsy (9 with nonle-

sional magnetic resonance imaging) and 9 of 17 patients with

temporal lobe epilepsy had mesial disease. An average of 10

electrodes were implanted stereotactically using an image-

guided system, and scalp EEG was obtained from frontal,
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central, parietal, and midline leads. On the night of the sleep

recording, done at least 72 hours post-implantation, electro-

oculogram and chin electromyogram were included, and sleep

analysis and detection of arousals were done manually. Epilep-

tiform activity was classified as (1) clinical versus subclinical

seizures, (2) epileptic bursts (lasting up to 10 seconds), or (3)

isolated spikes. Spike and burst indices were computed across

time windows during baseline sleep, prearousal, arousal, and

postarousal states. Topographic effects of EA on arousals were

evaluated and compared between mesial temporal and neocor-

tical channels. Comparisons of sleep parameters were per-

formed among patients with versus without nocturnal

seizures and mesial temporal versus other epilepsy.

Twelve patients experienced seizures, 22 had epileptic

bursts, and all had spikes. Sleep parameters were normal except

for an increase in wake time after sleep onset, which was higher

in patients who experienced seizures during the recorded night,

independent of the seizure duration. Most sleep-related clini-

cal, and to a lesser degree subclinical, seizures were followed

by awakenings (70.6%) or arousals (11.8%). The epileptic

burst index increased significantly before arousals, as com-

pared to baseline and postarousal, irrespective of sleep stage,

or brain area. In contrast, a prearousal increase was observed

for the spike index but was only significant during N2 and

REM sleep. Additionally, the spike index increased during the

arousal itself in neocortical channels and correlated with non-

REM arousals.

Regarding brain area, the spike index increased significantly

before the arousal only in mesial temporal channels. In neocor-

tical channels, an increase in the spike index between baseline-

TW to arousal-TW was observed during SW sleep compared to

non-SW arousals, with the opposite relationship occurring in

mesial temporal channels.

These findings indicate that both ictal and interictal EA

profoundly disrupt sleep architecture, with sleep disruptions

occurring during different sleep phases depending on the loca-

tion of the activity. Most sleep-related seizures were followed

by awakening or arousals, resulting in a substantial increase in

waking time after sleep onset. Likewise, interictal EA was also

closely linked to arousals. The bidirectional interaction

between sleep and epilepsy was evident in the effect of arousal

on triggering EA, specifically in neocortical areas.

What are the clinical repercussions of the effects of EA on

sleep architecture? Given that sleep fragmentation is associated

with daytime sleepiness and decreased psychomotor perfor-

mance, it is not surprising that patients with nocturnal EA

frequently report cognitive difficulties. A recent study of

side-specific hippocampal memory function of patients with

focal epilepsy, evaluated with SEEG, has reported that reten-

tion of verbal memory over 1 week was negatively correlated

with hippocampal spike frequency during sleep, whereas no

significant correlation was found with hippocampal interictal

EA occurring when awake.7 As highlighted by Laure Peter-

Derex et al,6 not only ictal but also interictal EA occurring in

the hippocampus during sleep may impair sleep quality and

possibly impact memory consolidation.

Recognition and management of sleep disturbances are

important and distinct considerations in patients with epilepsy.

Because poor sleep can exacerbate EA, and EA can disrupt

sleep, uncontrolled patients with sleep complaints should be

evaluated with PSG to assess the presence of a secondary sleep

disorder, such as obstructive sleep apnea, which can occur in up

to 30% of patients.8 Additionally, maximizing the control of

nocturnal seizures and interictal ED can lead to improvement in

sleep-related complaints and cognitive symptoms, as reported

in a series of drug-resistant patients who achieved seizure-

freedom after undergoing temporal lobectomy.9 It would be

beneficial to explore if suppression of interictal EA through

neuromodulation or targeted medication timings can improve

the sleep disturbances, and resultant cognitive problems, that

occur in so many patients with epilepsy.

By David King-Stephens

ORCID iD

David King-Stephens https://orcid.org/0000-0003-0555-673X

References

1. Spencer DC, Sun FT, Brown SN, et al. Circadian and ultradian

patterns of epileptiform discharges differ by seizure-onset location

during long-term ambulatory intracranial monitoring. Epilepsia.

2016;57(9):1495-1502.

2. de Weerd A, de Hass S, Otte A, et al. Subjective sleep disturbance

in patients with partial epilepsy: a questionnaire-based study on

prevalence and impact on quality of life. Epilepsia. 2004;45(11):

1397-1404.

3. Ismayilova V, Demir AU, Tezer FI. Subjective sleep disturbance in

epilepsy patient at an outpatient clinic: a questionnaire-based study

on prevalence. Epilepsy Res. 2015;115:119-125.

4. Bazil C. Sleep and epilepsy. Curr Opin Neurol. 2000;13:171-175.

5. Terzano M, Parrino L, Anelli S, Boselli M, Clemens B. Effects of

generalized interictal EEG discharges on sleep stability; assess-

ment by means of cyclic alternating pattern. Epilepsia. 1992;

33(2):317-326.

6. Laure Peter-Derex L, Petr Klimes P, Latreille V, Bouhadoun S,

Dubeau F, Frauscher B. Sleep disruption in epilepsy: ictal and

interictal epileptic activity matter. Ann Neurol. 2020;88(5):

907-920. Version of Record online: September 21, 2020.

7. Lambert I, Tramoni-Negre E, Lagarde S, et al. Hippocampal inter-

ictal spikes during sleep impact long-term memory consolidation.

Ann Neurol. 2020;87(6):976-987.

8. Malow BA, Foldvary-Schaefer N, Vaughn BV, et al. Treating

obstructive sleep apnea in adults with epilepsy: a randomized pilot

trial. Neurology. 2008;71(8):572-577.

9. Serafini A, Kuate C, Gelisse P, et al. Sleep before and after tem-

poral lobe epilepsy surgery. Seizure. 2012;21(4):260-265.

20 Epilepsy Currents 21(1)

https://orcid.org/0000-0003-0555-673X
https://orcid.org/0000-0003-0555-673X
https://orcid.org/0000-0003-0555-673X
https://orcid.org/0000-0003-0555-673X
https://orcid.org/0000-0003-0555-673X


<<
  /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


