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Abstract

Risk factors for early-onset seizures in acute ischemic stroke include anterior circulation stroke, infarction of the cerebral
cortex, large infarct size, and ischemic-to-hemorrhagic transformation. We define stroke-onset seizures as seizures occurring
within 2 hours of stroke onset. A 64-year-old woman presented with top of the basilar artery syndrome—thalamic infarction
occurred first and midbrain infarction 12 days later. She manifested stroke-onset seizures during midbrain infarction,
which was heralded by stupor. Within 2 hours of the onset of stupor, she had a clonic seizure of the lower extremities,
electroencephalography (EEG) revealed nonconvulsive status epilepticus, and an episode of convulsive movements of all
extremities was recorded on video and on EEG. Continuous EEG recording showed epileptiform discharges that would
appear, disappear, and reappear over a 3-week period. It took 3 weeks and 4 antiepileptic drugs to fully suppress cortical
hyperexcitability, perhaps because injury to some midbrain structures resulted in global lowering of the seizure threshold.
The most important risk factor for stroke-onset seizures appears to be posterior circulation stroke, particularly brainstem
infarction. The difference in risk profile between stroke-onset seizures and other forms of early-onset seizures suggest that
their pathophysiology is not exactly the same. Focusing some of the research spotlight on stroke-onset seizures can help us
better understand their unique clinical, electrographic, radiologic, and pathophysiologic features.
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Introduction of 2 weeks as cutoff has no clear pathophysiological basis.
Gupta et al found that 30% of postinfarction seizures are
carly-onset seizures and 90% of early-onset seizures are
day-1 seizures.'* In a prospective multicenter study of sei-
zures after stroke, Bladin et al concluded that 4.8% of
patients with ischemic stroke experienced early-onset sei-
zures, and in 40% of these patients (~2% of patients with
ischemic stroke), the early-onset seizure was a day-1 sei-
zure.'> However, their study included only hemispheric
strokes because of a prior study that showed no correlation
between seizures and brainstem strokes. Risk factors for
early-onset seizures in ischemic stroke include cortical
injury, large infarct size, involvement of the anterior

Approximately 5% of patients with acute ischemic stroke
manifest convulsive seizures, of which 10% to 20% meet the
criteria for status epilepticus.!* Nonconvulsive seizures has
been detected with scalp electroencephalography (EEG) in
<5% of patients with acute ischemic stroke.** In compari-
son, continuous EEG (cEEG) can detect nonconvulsive sei-
zures or nonconvulsive status epilepticus (NCSE) in 9% to
18% of patients with severe ischemic stroke and coma.®’” The
occurrence of seizures in stroke is associated with higher
mortality, worsened recovery, and poststroke epilepsy.®’
Because cEEG is resource-intensive, this procedure cannot
be offered to all patients with acute ischemic stroke, most of
whom have a low risk of nonconvulsive seizures.'®!" More
realistically, cEEG should be performed in acute ischemic 'Louisiana State University Health Sciences Center, New Orleans, LA, USA
stroke patients with a high risk of nonconvulsive seizures,
including those with stupor/coma, extensive cortical infarcts,
or hemorrhagic transformation.'? ‘ o
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circulation or temporal lobes, and hemorrhagic transforma-
tion of the infarct.'®

Some studies of early-onset seizures examined seizures
that occurred close to the time of stroke onset. In a commu-
nity-based study of poststroke seizures, Burn et al desig-
nated seizures occurring within 24 hours of stroke onset as
onset seizures."” Different authors used the term seizure at
stroke presentation (SSP) as a label for different types of
early-onset seizures. Huang et al defined “seizures occur-
ring within 24 hours of stroke onset” as SSP and found that
1.53% of ischemic stroke patients had SSP.® Abend et al
considered “any seizure observed by a parent, guardian, or
medical provider occurring as the heralding sign of the
stroke or within 1 hour of the onset of stroke” as SSP; the
authors detected SSP in 22% of children with arterial isch-
emic stroke.'® By restricting the definition of SSP to “any
clinically evident seizure observed by a parent/guardian or
medical provider occurring as the heralding sign of the
stroke,” Cheng et al concluded that ischemic stroke patients
with SSP had a higher incidence of posterior circulation
infarction than their non-SSP counterpart.'

The time of seizure occurrence in relation to the onset of
stroke can have special pathophysiologic and therapeutic
implications. Early-onset seizures can be labeled as day-/
seizures if the first seizure occurred within the first 24 hours
of the onset of stroke and as post day-1 seizures if the first
seizure occurred between 24 hours and 2 weeks after the
onset of stroke. Furthermore, day-1 seizures that occur in
close proximity to the onset of stroke can be labeled as
stroke-onset seizures. We define stroke-onset seizures as sei-
zures occurring within a time window—from 2 hours before
to 2 hours after the onset of stroke. Our 4-hour time window
is purely arbitrary and is not grounded on pathophysiology.
We describe a case of stroke-onset seizures during acute
ischemic stroke of the midbrain to illustrate how stroke-onset
seizures might differ from other early-onset seizures.

Case Presentation

A 64-year-old woman was brought to the emergency room
after being found unresponsive. According to her husband,
she was normal when she woke up that morning. She was
ready to leave the house to go to work. Instead, she was
found slumped on the couch with eyes open but speechless
and unable to follow commands. There was no injury, incon-
tinence, or other signs to suggest that she had a seizure. The
stroke code was immediately activated when she arrived in
the hospital. She appeared lethargic with lack of interest in
her environment, slow responses to stimulation, and a ten-
dency to fall asleep. Blood pressure was 131/91 mm Hg,
pulse rate 78 beats/min, respiratory rate 15 breaths/min, and
oxygen saturation 99.8%. She was afebrile (37.1 °C) with no
signs of meningeal irritation. Both pupils were 4 mm and
equally reactive to light. There was no evidence of ophthal-
moplegia, facial asymmetry, and other cranial nerve deficits.

She moved all her extremities spontaneously and to the same
degree. Her biceps, triceps, brachioradialis, patellar, and
ankle reflexes were all 1+; she had no ankle clonus; and
Babinski sign was absent. Past history was positive for atrial
fibrillation and right frontal ischemic stroke, but negative for
seizures/epilepsy. Four years prior to admission, she sur-
vived a cardiac arrest, received a pacemaker/defibrillator,
and fully recovered. Computed tomography (CT) of the head
showed an area of encephalomalacia in the right frontal lobe
consistent with her old stroke (Figure 1). Electrocardiogram
showed regular atrial-sensed ventricular-paced rhythm with
a rate of 80 beats/min. Nonconvulsive seizures/status epilep-
ticus was ruled out by stat EEG. Other studies, including
blood counts, blood chemistry, and chest X-ray were normal.
Because there was no clear evidence of a new stroke, tissue
plasminogen activator was not administered.

The patient, who was initially lethargic (GCS [Glasgow
Coma Scale] = 13), became stuporous (GCS = 10). She
was intubated for airway protection and admitted to the
intensive care unit. Magnetic resonance imaging could not
be performed because of her pacemaker. Repeat head CT 12
hours later revealed bilateral paramedian thalamic infarcts
and CT angiography showed filling defects at the top of the
basilar artery and the P1 segments of the posterior cerebral
arteries (Figure 1). The possibility of an occluded artery of
Percheron could not be ruled out. Telemetry showed regular
ventricular-paced rhythm with a rate of 64 to 80 beats/min.
Pulse oximetry consistently showed oxygen saturations
=99.0%. Transthoracic echocardiography with bubble
study was unrevealing. Transesophageal echocardiography
was attempted but aborted because of failure to intubate the
esophagus. Clopidogrel was added to aspirin (she has been
taking aspirin for years since she had a stroke). Intravenous
levetiracetam was administered empirically: 20 mg/kg was
loaded followed by 500 mg q12h. However, cEEG record-
ing over a 48-hour period only showed diffuse slowing and
no signs of abnormal cortical hyperexcitability (Figure 2).
Methylphenidate was started on day 3. She became progres-
sively more alert and she started following simple com-
mands. Extubation was attempted on day 6 but failed due to
upper airway edema. She underwent tracheostomy and per-
cutaneous endoscopic gastrostomy on day 9.

On day 12, the patient lapsed into stupor again (GCS =
9). Her blood pressure was 144/95 mm Hg, pulse rate 72
beats/min, respiratory rate 18 breaths/min, and oxygen sat-
uration 99.1%. Telemetry showed normal rate and rhythm.
Blood test results were as follows: white blood cells count
= 7.8 X 103/uL, hemoglobin = 12.8 gm/dL, red blood cells
count = 4.56 X 10%uL, platelets = 235 X 103/uL, sodium
= 142 mmol/L, potassium = 4.1 mmol/L, magnesium =
2.2 mg/dL, chloride = 110 mmol/L, CO, = 30 mmol/L,
glucose = 104 mg/dL, BUN (blood urea nitrogen) = 24
mg/dL, creatine = 0.82 mg/dL, total protein = 7.2 g/dL,
albumin = 3.6 g/dL, ammonia = 32 ug/dL, aspartate ami-
notransferase = 16 U/L, alanine aminotransferase = 14
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Figure I. Initial computed tomography (CT) scan of the head (left) showed an area of encephalomalacia in the right frontal lobe
(arrow) consistent with an old stroke. Repeat CT scan of the head (middle) 12 hours after the initial CT scan revealed acute infarcts in
the paramedian zone of the thalami (arrows) and CT angiogram (right) showed filling defects at the top of the basilar artery and the Pl

segments of the posterior cerebral arteries.
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Figure 2. Two days of continuous electroencephalography (days 2 and 3) showed generalized slowing, mainly rhythmic theta activity,
with superimposed low-voltage semirhythmic and nonrhythmic delta activity. No epileptiform discharges, electrographic seizures, or

periodic discharges were detected.

U/L, alkaline phosphatase = 75 U/L, bilirubin = 0.2 mg/
dL, and thyroid stimulating hormone = 0.95 plU/mL. With
metabolic, renal, and hepatic parameters in the normal
range and no evidence of infection, the change in mental
status could not be accounted for by a toxic, metabolic, or
septic encephalopathy. Her husband noticed a 30-second
episode of bilateral leg jerking (~30 minutes from onset of
stupor). EEG recording (~80 minutes from onset of stupor)
showed sustained generalized epileptiform discharges in
the form of high-voltage rhythmic sharp and slow wave

complexes (Figure 3A). The EEG findings satisfy the
Salzburg criteria for NCSE.?° She was initially awake and
motionless but her extremities started jerking—rhythmic
pronation-supination of the forearms occurred first, then
rhythmic hip and knee flexion-extension. As seen on video,
the movements were consistent with clonic/convulsive sei-
zure lasting 28 seconds. The EEG, which was obscured by
muscle artifact, did not show any significant change other
than a slight increase in the frequency of epileptiform dis-
charge from 2 to 2.5 Hz (Figure 3B). Lorazepam 2 mg was
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Figure 3. (continued)
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Figure 3. (A) Before convulsive movements. (B) During convulsive movements. (C) 2 minutes after lorazepam injection. (D) 5 minutes
after lorazepam. Electroencephalography recorded approximately 80 minutes from the onset of stroke (before the convulsive episode)
showed generalized rhythmic 2-Hz sharp wave and slow wave complexes (A). Despite abundant myogenic artifact, the EEG during
convulsion continued to show similar epileptiform discharges with a slightly higher frequency of 2.5 Hz (B). Convulsive movements
stopped even before lorazepam was injected. After lorazepam 2 mg was administered, the epileptiform discharges started to decrease in

frequency (C) and subsequently dissipated (D).

injected resulting in attenuation and dissipation of epilepti-
form discharges (Figure 3C and D). Stupor was attributed
to NCSE but midbrain infarction was also a concern. When
this possibility and its prognostic implications were dis-
cussed with her family, they decided against further inva-
sive interventions.

Approximately 3 hours from the onset of stupor, signs of
a right third nerve palsy (ptosis and dilated nonreactive
pupil) became evident. Stat CT of the head showed the
same infarct in the paramedian zones of the thalami with no
midbrain infarct (Figure 4, top row). Repeat CT of the head
(~22 hours after the onset of stupor) showed extension of
the infarct from the paramedian zones of the thalami to the
paramedian zones of the midbrain with greater involvement
of the right side consistent with the clinical findings of stu-
por and right oculomotor nerve palsy (Figure 4, bottom
row). cEEG showed waxing-waning generalized epilepti-
form discharges consistent with relapsing and remitting
cortical hyperexcitability or NCSE (Figure 5). Although
cEEG showed periods of generalized slowing with no epi-
leptiform discharges these “nonictal” periods were fre-
quently superseded by longer “ictal” periods lasting 1 to 4
hours. The typical sequence consisted of a build-up of
rhythmic delta activity, an increasing density of sharp
waves, and evolution toward more organized and rhythmic
1.5 to 2.5 Hz high-voltage sharp and slow wave complexes.
The epileptiform discharges tend to persist for hours with

minor fluctuations in frequency, amplitude, and morphol-
ogy before breaking up and dissipating (Figure 5). While
her ability to respond was limited to following simple com-
mands, she was more somnolent and less responsive every
time high-voltage rhythmic discharges appeared in the
EEG. Focal electrographic seizures did not occur, but her
husband witnessed 2 more episodes of bilateral leg jerking,
both of which were similar to the first episode. Only the last
episode was recorded: there was no discernible change in
the EEG during the leg movements. Increasing the dose of
levetiracetam and phenytoin and intermittent boluses of
lorazepam temporarily suppressed NCSE. After several
hours, NCSE would reemerge, first appearing as general-
ized rhythmic delta activity with no clear ictal features, but
gradually gaining more “ictal” features, such as an increase
in discharge frequency, amplitude, and sharpness. While
cEEG was omitted for 5 days during the 3-week period, it
is reasonable to assume that the patient was in and out of
NCSE, or in some state of cortical hyperexcitability within
the ictal-interictal continuum, over a period of 3 weeks. Of
note, the patient’s family refused the induction of coma
with anesthesia, such as propofol. Adding sodium valproate
to her antiepileptic regimen resulted in suppression of epi-
leptiform activity. She became more alert and responsive at
that point, though she remained nonverbal and only fol-
lowed simple commands. On hospital day 33, she was dis-
charged to a long-term acute care facility.
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Figure 4. Computed tomography (CT) scan of the head on day |12 (top row), 4 hours after the onset of stupor and | hour after
appearance of oculomotor nerve palsy, showed the previous infarct in the paramedian zones of the thalami (arrows) with no clear-

cut involvement of the midbrain. Repeat CT scan of the head on day |13 (bottom row), 22 hours after the onset of stupor, showed
extension of the infarct from the paramedian zones of the thalami to the paramedian zones of the midbrain with greater involvement of
the right side (arrows) consistent with the clinical findings of stupor and right oculomotor nerve palsy.

Discussion

In the case presented, thrombotic occlusion of the top of the
basilar artery resulted in paramedian thalamic infarction fol-
lowed, 12 days later, by paramedian midbrain infarction. The
patient did not have seizures at any time before, during, and
12 days after thalamic infarction. Stroke-onset seizures
occurred within 2 hours of midbrain infarction (estimated
based on the time of onset of stupor), including (1) clonic
seizure of the legs (witnessed by her husband), (2) NCSE
(recorded on EEG), and (3) clonic seizure involving all
extremities (recorded on video and EEG). The latter occurred
during NCSE. The same NCSE pattern persisted during the
convulsive movements. Early-onset, but not stroke-onset,
seizures also occurred, including repeated emergence of
NCSE (recorded during cEEG) and 2 more clonic seizures of

the legs (witnessed by her husband). Of the 3 clonic seizures
of the legs, only the last episode was recorded during cEEG.
There was no change in the EEG during leg jerking.

Several cases have been reported in the literature in
which stroke-onset seizures occurred during acute infarction
in the posterior circulation territory as a result of basilar
artery occlusion or stenosis.?!"*! Infarction occurred in the
paramedian thalamus, midbrain, or both thalamus and mid-
brain, except in one case where infarcts were detected in the
cerebellum, medial temporal lobe, and occipital cortex, but
not in the thalamus or midbrain. In the study of Cheng et al,
where only stroke-onset seizures heralding the onset of
stroke were considered as SSP (see Introduction), posterior
circulation infarction was found in 25.7% of patients with
SSP and in only 12.5% of patients without SSP.?° Brainstem
and thalamic lesions were more likely and temporal lobe
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Figure 5. (continued)
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Figure 5. (A) Generalized slowing with no epileptiform discharges. (B) Build-up of generalized rhythmic delta and sharp activity. (C)
Clear-cut epileptiform discharges seen with longitudinal bipolar montage. (D) Same EEG tracing shown above displayed using transverse
bipolar montage. (E) Epileptiform discharges start to break up and dissipate. (F) Next epoch with epileptiform discharges reappearing
after <| hour. Selected continuous electroencephalography epochs with compressed spectral array map (see line marker) showing
waxing-waning cortical hyperexcitability. Sustained periods of generalized slowing with no epileptiform discharges (A) are followed by
build-up of rhythmic delta and sharp wave activity (B) that evolve into clear-cut epileptiform discharges, as seen using longitudinal bipolar
(C) and transverse bipolar montages (D), persisting over | to 4 hours, before breaking up and dissipating (E), only to return (F).
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lesions were less likely in patients with SSP when compared
with patients without SSP. Therefore, even though hemi-
spheric/cortical infarcts are often implicated in early-onset
seizures, brainstem infarcts may be more common in
patients with stroke-onset seizures. The difference in risk
profile between stroke-onset seizures and other forms of
early-onset seizures suggest that the mechanisms of seizure
generation and perpetuation may vary depending on where
in the stroke timeline the seizure occurs.

The process by which acute ischemic stroke triggers
early-onset seizures is not well understood. Evidently, tis-
sue hypoperfusion/hypoxia (reperfusion may also be a fac-
tor) results in physiologic disturbances that interact to
lower the seizure threshold and enhance the excitability of
brain circuits.>? Blood-brain barrier disruption, changes in
neurotransmitter activity, perturbations in ion channel func-
tion, disturbances in electrolyte concentrations, and meta-
bolic dysregulation have all been observed in the ischemic
penumbra of an acute ischemic stroke.’? Early-onset sei-
zures have been studied in rodents using models of acute
ischemic stroke, such as unilateral middle cerebral artery
occlusion (MCAO) or photothrombotic ischemia.?*=7 Using
the MCAO technique, Wu et al showed that deeper subcor-
tical structures are crucial for generating convulsive sei-
zures.*® Zhang et al noted a striking similarity between
convulsive seizures induced by the MCAO model and con-
vulsive seizures induced by the hypoxia-ischemia model.?’
Interestingly, epileptiform discharges were recorded from
brainstem areas but not from the hippocampi or neocortex.
MCADO also produced nonconvulsive seizures with the ictal
EEG showing epileptiform spikes in the hippocampi and
neocortex.?” While all animals with nonconvulsive seizures
subsequently developed convulsive seizures, not all ani-
mals with convulsive seizures experienced a preceding
nonconvulsive seizure. Animals that eventually developed
convulsive seizures had worse outcomes than those with
nonconvulsive seizures alone.

Convulsive motor activity can be an initial presentation of
an impending basilar artery occlusion.®® According to
Saposnik and Caplan, convulsive-like movements in brain-
stem stroke are different from epileptic seizures and the sud-
den onset of a decerebrate posturing is often misinterpreted
as a seizure.’’ As mentioned earlier, there are several reports
of convulsive motor activity in association with basilar artery
occlusion and infarction in which the authors interpreted
convulsive activity as seizures.?!! It has been suggested
that the sudden onset of convulsive or clonic movements,
especially in patients with brainstem signs, should prompt
the suspicion of a top of the basilar syndrome, whether the
movements are considered seizures or not. The precise
mechanism whereby infarcts in the posterior circulation pro-
duce seizure is still unknown. Penfield suggested a “centren-
cephalic system” in which the brainstem functioned as a
causative center of seizures.*” One proposed mechanism is
disruption of inhibitory projections from the cortex to the

brain stem. The extensive forebrain projections of the mid-
brain make it likely that various midbrain structures or cir-
cuits are directly involved in the global control of seizure
threshold. Some midbrain structures may be involved in pro-
moting ictogenicity, while other structures may have a role in
preventing or terminating seizures. Arguably, destruction of
midbrain structures responsible for increasing the seizure
threshold or for terminating seizures could be the reason
behind the refractoriness and pharmacoresistance of NCSE
in our patient.

In orchestrating the complexities of seizure generation,
the lead role is often given to the cerebral cortex. Nonetheless,
convulsive seizures can be induced by electrical or chemical
stimulation of the brainstem tegmentum.*'**> The observa-
tion that convulsive seizures induced by stimulation of the
mesencephalic reticular formation attenuate with pontine
tegmentum lesions but are barely affected by precollicular
transection suggest that the mesencephalic reticular forma-
tion plays a crucial role in the generation of convulsive sei-
zures, perhaps by directly activating the descending reticular
formation.** We also pointed out that Zhang et al recorded
epileptic discharges from the brainstem, but not from the hip-
pocampi or neocortex, during MCAO-induced convulsive
seizures.’” The stereotyped nature of the 4 clonic episodes in
our patient and their rarity (only 1 episode of all-limb jerking
and 3 episodes of leg jerking occurred over a 3-week period)
point toward clonic seizures. However, the absence of a
clear-cut change in the EEG during all-limb jerking and the
absence of an ictal EEG correlate during leg jerking raise the
possibility that the convulsive movements were not seizures.
The absence of an ictal EEG correlate for the convulsive
movements can be explained by the deep location of the gen-
erator in the medial cortical surface, by electrical potentials
or artifacts making it difficult to detect the ictal discharges,
by a dominant role of subcortical structures in generating the
movements, or by a nonictal mechanism arising from the
central pattern generators in the brainstem. We favor the first
2, but we also admit that we cannot rule out the third and
fourth explanations.

Conclusion

Convulsive and nonconvulsive seizures/status epilepticus may
occur at the onset of midbrain infarction. Pharmacoresistant
seizure activity in the setting of midbrain injury suggests that
some structures or circuits in the midbrain are crucial for sei-
zure generation and perpetuation, whereas other structures are
essential for seizure prevention and termination. The most
important risk factor for stroke-onset seizures appears to be
posterior circulation stroke, particularly brainstem infarction.
The difference in risk profile between stroke-onset seizures
and other forms of early-onset seizures suggest that their
pathophysiology is not exactly the same. This should serve as
motivation for researchers to examine stroke-onset seizures in
greater detail.
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