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ABSTRACT - Various movement disorders have been described follow-
ing hypoxic-ischaemic brain injury. Here, we present a 72-year-old female
patient who developed periodic opening and upward deviation of the eyes
as an isolated clinical finding, within 24 hours after cardio-pulmonary arrest.
These movements were accompanied by burst-suppression on EEG, and
both clinical and electrophysiological findings were suppressed 18 hours
after intravenous levetiracetam infusion. The strictly periodic nature of both
EEG discharges and eye opening with vertical deviation suggest a cause
due to either activation of a subcortical/brainstem pacemaker reciprocally
stimulating the cortex, or, alternatively, post-anoxic burst activity of viable
cortical neural networks, somehow stimulating the relevant oculomotor
nuclei. Together with previous similar cases, our case expands the spec-
trum of post-resuscitation myoclonus syndromes with the addition of this
rare isolated oculopalpebral subtype. [Published with video sequence]
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Many different movement dis-
orders have been described
following hypoxic-ischaemic brain
injury, such as dystonia, chorea,
tics, tremor, athetosis, parkinson-
ism and myoclonus (Venkatesan
and Frucht, 2006). Acute post-

hypoxic myoclonus typically begins
within the first 24 hours after
hypoxia-ischaemia, and is usually
characterized by diffuse, massive
body jerks in comatose patients
(Hallett, 2000). When prolonged and
accompanied by epileptiform EEG
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discharges, the scenario is termed “myoclonic status
epilepticus”. This is reported to occur in 30-40% of
comatose adult survivors of cardiopulmonary resus-
citation (CPR) (Venkatesan and Frucht, 2006). The EEG
findings may vary in time, however, generalized peri-
odic discharges or a burst-suppression pattern are
frequently encountered (Thomke et al., 2002). The
entity is generally difficult to control with medica-
tions and is usually associated with a grave prognosis.
Autopsy findings in these patients are consistent with
severe neuronal injury in the cerebral cortex, deep
grey matter, hippocampus and cerebellum (Hui et al.,
2005). Here, we present repetitive paroxysms of eye-
lid opening and upward eye deviation, accompanied
by a burst-suppression EEG pattern, in a patient with
hypoxic-ischaemic brain injury. To the best of our
knowledge, this peculiar sign has only rarely been
described (Wolf, 1977; McCarty and Marshall, 1981;
Jordan et al., 1982; Mori et al., 1983; Nelson et al., 1986;
Reeves etal., 1997; Thomke et al., 2002; Fernandez-Torre
et al., 2008; Ferrara et al., 2012).

Case study

A 72-year-old female patient with amyotrophic lat-
eral sclerosis developed cardio-pulmonary arrest soon
after her arrival to the hospital with severe respira-
tory insufficiency. She responded quickly to CPR and
spontaneous systemic circulation was re-established
within two minutes. However, she did not wake up;
neurological examination revealed a GCS score of 3/15,
along with preserved brain stem reflexes. The follow-
ing day, she was noted to have periodic eye opening
and upward eye deviation without other accompany-
ing clinical signs. In order to rule out the presence
of non-convulsive status epilepticus, she underwent
long-term video-EEG monitoring in the intensive care
unit. At the onset of recording (31 hours after cardiac
arrest), she was reported to have generalized high-
amplitude spike-and-sharp-wave complexes, lasting
1-2.5 seconds, that recurred every 15-21 seconds on
a low-amplitude background activity (figure 1A). Her
eyes opened and deviated upwards, 450-500 msec-
onds after the onset of generalized epileptic activity,
followed by eye closure at or within 0.5-1 seconds
of cessation of discharges. The prolonged rhythmic
character of the discharges was clearly demonstrated
by amplitude-integrated EEG (figure 2A). Due to the
epileptic nature of these findings, the patient was
administered a loading dose of 3000 mg of 1V levetirac-
etam (LEV), followed by a 2 x 1500-mg maintenance
dose. Eye opening and upward deviation ceased 12
hours after the initiation of LEV, despite continu-
ing discharges that recurred more frequently, every
5-7 seconds (figure 2B). Eight hours after drug load-

ing, infrequent isolated sharp waves were also noticed
over the left frontal area. These discharges became
more frequent with time, assuming a periodic charac-
ter within three hours, and at times were accompanied
by less common right frontal sharp waves, giving
the impression of bilateral independent periodic dis-
charges or BIPDs (figure 1B; 50 hours after arrest). The
periodic generalized activity became less intensive,
with shorter duration and lower amplitude, eventu-
ally turning into infrequent, brief slow wave paroxysms
that ceased altogether, approximately 18 hours after IV
loading of LEV, and were followed by disappearance
of periodic lateralized discharges within a couple of
hours (figure 2C). The frequency of EEG discharges at
any time during the recording did not correlate with
the heart rhythm. Cranial MR imaging, obtained one
week after the arrest, revealed widespread hypoxic
damage of the cerebral cortex and basal ganglia. The
patient did not regain consciousness and died of mul-
tiple organ failure with septic origin, 75 days after
admission.

Discussion

Involvement of the levator palpebrae superioris or
other extraocular muscles in patients suffering from
post-anoxic coma has been previously reported in sev-
eral cases (Wolf, 1977; McCarty and Marshall, 1981;
Jordan et al., 1982; Mori et al., 1983; Nelson et al., 1986;
Reeves et al.,, 1997, Thomke et al., 2002; Fernandez-
Torre et al., 2008; Ferrara et al., 2012). Of these, vertical
eye movements accompanied by eyelid opening were
reported in seven patients (McCarty and Marshall,
1981; Jordan et al., 1982; Mori et al., 1983; Reeves et al.,
1997; Ferrara et al., 2012) and involvement of jaw mus-
cles or swallowing movements reported infive patients
(Wolf, 1977; Reeves et al., 1997; Fernandez-Torre et al.,
2008). At this point, one could argue that the lack of
generalized jerks in our patient could be assigned
to motor weakness, secondary to amyotrophic lateral
sclerosis. However, prior to admission, she was not
totally pareticand might still have been able to demon-
strate convulsive activity. Our case, together with the
similar previous cases, expands the spectrum of post-
resuscitation myoclonus syndromes with the addition
of this rare isolated oculopalpebral subtype.

It has been previously argued whether eyelid open-
ing and closing associated with generalized burst
activity is a convulsive manifestation or a release
phenomenon (McCarty and Marshall, 1981). Wolf pro-
posed that periodic synchronous and stereotyped
myoclonus after post-anoxic coma originates in the
upper oblongata (Wolf, 1977); whereas Ferrara et al.
suggested that injury to structures within or above the
upper midbrain might play a role (Ferrara et al., 2012).
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Figure 1. (A) Referential montage, depicting generalized high-amplitude slow waves, mixed with sharp waves and spikes on a low-
amplitude background activity, consistent with a burst-suppression pattern (31 hours after cardiac arrest).

High-pass filter: 1.0 Hz; low-pass filter: 70 Hz; notch filter: 50 Hz; vertical bar: 100 wV; recording speed: 10 sec/page.

(B) Bilateral independent periodic discharges with maximum negativity in the frontal leads (50 hours after arrest).

High-pass filter: 1.0 Hz; low-pass filter: 15 Hz; notch filter: 50 Hz; vertical bar: 100 wV; recording speed: 10 sec/page.

Due to widespread cortical damage, it has also been
postulated previously that myoclonic activity is gen-
erated by a released brainstem “pacemaker” (Hallett,
2000). However, in post-hypoxic myoclonus, cortical
myoclonus may coexist with brainstem myoclonus
(Borg, 2006). Besides, a sufficient number of cortical
pyramidal neurons have to be activated in order for
scalp EEG to reflect epileptiform discharges. Although
not a proof of concept, the long-lasting and strictly
periodic nature of EEG discharges, as evidenced by
digital trend analysis methods in our patient, also sug-

gests that these burst activities were correlated with a
generator that has inherent rhythmic oscillatory capa-
bilities. Such pacemakers are usually located within the
brainstem nuclei or thalamus. Tonic or clonic upward
eye deviation, on the other hand, have also been
observed shortly after the onset of EEG discharges
during absence seizures that are thought to occur as
a result of thalamo-cortical activation (Bogacz et al.,
2000). The burst-suppression pattern has also been
attributed in some cases to recurrent activation of
thalamo-cortical networks (Chatrian and Turella, 2003).
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Figure 2. (A) Amplitude-integrated EEG involving F3-C3 and F4-C4 channels reveal the periodic nature of discharges shown in figure 1,
that tend to recur every 15-21 seconds. (B) Generalized periodic discharges occurring more frequently, every 5-7 seconds.

Interestingly, however, Steriade and co-workers have
previously shown in anaesthetized cats that almost
95% of cortical cells entered burst-suppression, closely
related in time to already synchronized EEG activity,
compared to only 60-70% of thalamic cells (Steriade
et al., 1994). Also, in a study based on chick spinal
cord, it was reported that cycling activity can arise
from the interplay between excitatory connectivity

and fast synaptic depression; i.e., the activity does
not depend on specialized connectivity or intrinsic
bursting neurons and is generated by a network of
functionally excitatory connections (Tabak et al., 2000).
Whether a similar mechanism in severely damaged
cortex may lead to transient burst-suppression pat-
tern in humans is an intriguing possibility. Recently,
van Putten and van Putten modelled burst scalp EEG
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Figure 2. (Continued). (C) Cessation of generalized periodic activity (time base: 20 minutes).

activity in two patients with post-anoxic encephalopa-
thy using different parameters, such as activity of
a recurrent excitatory network, neuronal connectiv-
ity, and fast and slow synaptic depression, indicating
that this brain state is low dimensional and cor-
relates with irreversible loss of brain function and
consciousness (van Putten and van Putten, 2010).
The mechanisms determining the quasi-periodicity of
bursts have been linked to hyperexcitability which
results from reduction of cortical inhibition due to
decreased activity of GABA-A inhibitory synapses
and leads to excitatory-inhibitory imbalance, leaning
towards excitation (Amzica, 2009). It is thought that
the burst process is self-limited in time because of
depletion in extracellular cortical calcium levels that
are incompatible with synaptic transmission, thus lead-
ing to flat EEG. Neuronal pumps that restore interstitial
calcium levels allow for the next cycle to reoccur. Loss
of the integrity of the blood-brain barrier after severe
hypoxia may impair the ability of the nervous system
to maintain extracellular calcium, and perhaps other
ionic concentrations, at normal levels (Amzica, 2009).
Together with ongoing neuronal loss, this may cause
altered temporal EEG dynamics (Thomke et al., 2002)
in patients with post-anoxic burst-suppression EEG.
Taken together, all these findings suggest that a sub-
cortical/brainstem pacemaker may trigger discharges
in the cortex, or, alternatively, increased excitability
and bursts in viable cortical neurons may lead to the
observed burst-suppression pattern. Eye opening and
upward eye deviation are probably secondary to exci-

tation of the relevant cortical areas with involvement
of part of the oculomotor nucleus.

Both the clinical features and EEG findings (burst-
suppression) were abolished by propofol infusion in
one of the previous cases (Fernandez-Torre et al., 2008).
We did not wish to treat our patient aggressively and
instead proceeded treatment with intravenous anti-
convulsants. Levetiracetam is also known to possess
anti-myoclonic activity. Several hours after drug infu-
sion, both eyelid opening with upward eye deviation,
and then burst-suppression, were abolished. Inter-
estingly, however, the generalized discharges became
more frequent soon after LEV infusion, and then trans-
formed into BIPDs. It may be that the evolving EEG
findings were a reflection of the natural course of the
post-anoxic state, although this evolution pattern was
not similar to those described previously by Thomke
and co-workers (Thomke et al., 2002). Whether LEV
influenced EEG patterns (and if so, how?) in our patient
is a matter of debate, since it has been shown pre-
viously that eye opening (Jordan et al., 1982; Ferrara
et al., 2012) or burst-suppression (Jordan et al., 1982)
could also cease spontaneously within one day.

The eyelid-opening phenomenon in comatose post-
hypoxic patients has been accepted as an ominous
sign in previous publications in which most of the
patients were reported to die within 1-9 days. Unlike
these cases, our patient survived much longer in the
intensive care unit, and died due to other reasons, not
primarily of hypoxic-ischaemic encephalopathy. Simi-
lar to our patient, several authors have described cases
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that survived beyond the acute post-hypoxic phase
(Jordan et al., 1982; Mori et al., 1983; Thomke et al.,
2002; Bouwes et al., 2012), arguing that EEG burst-
suppression associated with eye opening does not
necessarily imply imminent death.

In summary, paroxysms of eye opening and vertical
eye deviations may occur in isolation after hypoxic-
ischaemic brain injury. Prolonged video-EEG moni-
toring clearly indicates this infrequent clinical entity,
demonstrating its temporal relationship with EEG dis-
charges. It is still not clear whether burst-suppression
(with or without periodic oculomotor manifestations)
after ischaemia originates from activation of a subcor-
tical/brainstem pacemaker that reciprocally stimulates
the cortex, or occurs due to quasi-rhythmicburst activ-
ity of viable cortical neural networks. O
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Legend for video sequence

Periodic eye opening and upward eye deviation,
without other motor manifestations, recurring
every 15-21 seconds, and accompanied by a burst-
suppression pattern on EEG.

Key words for video research on
www.epilepticdisorders.com

Phenomenology: anoxic seizure; eye deviation
Localisation: not applicable

Epilepsy syndrome: epileptic encephalopathy not
otherwise classified

Aetiology: hypoxic-ischemic encephalopathy
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Periodic eye opening and hypoxic-ischaemic injury

TEST YOURSELF

(1) What are the movement disorders that can be observed after hypoxic-ischaemic brain injury?

(2) What are the mechanisms of burst-suppression pattern, with or without periodic eye opening, after cardiac
arrest?

(3) How should we approach a patient with burst-suppression EEG and periodic eye opening movements?

(4) Does periodic eye opening after cardiac arrest has a prognostic value?

Epileptic Disord, Vol. 17, No. 1, March 2015 83




<<
  /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 false
  /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 <>
  >>
  /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


