











Figure 1. CTP and CTA of the patient No. 2. A: the axial localization; B: CBF, cerebral blood flow; C: CBYV,
cerebral blood volume; D: TTP, time to peak; E: MTT, mean transit time; F: CTA. The right frontal,
parietal and parietal occipital cortexes were hyperperfused with a cortical pattern, and CTA showed no
stenosis or occlusions of intracranial and extracranial vessels.

in the case group. The interictal EEG showed high
amplitude slow waves in the temporal region of
the seizure involved hemispheres (Case No. 1A
and No. 5). Interictal epileptiform discharges
were detected in two patients (Case No. 1B and
No. 4) in the hemisphere with hyperperfusion on

CTP (Figure 4). Three patients completed MRI
(4 MRI scans) 2 to 3 days after the symptom
onset. One case (No. 1B) showed a small DWI
abnormal signal on the right hemisphere, which
was not consistent with CTP abnormalities and
could not explain emergency clinical symptoms.

Figure 2. CTP and CTA of the patient No. 4. A: the axial localization; B: CBF, cerebral blood flow; C: CBV,
cerebral blood volume; D: TTP, time to peak; E: MTT, mean transit time; F: CTA. The right temporal
and occipital lobes were hyperperfused with a cortical pattern. CTA showed no stenosis or occlusions
of intracranial and extracranial vessels.
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Table 2: CTPin regions of interest compared between seizure hemisphere with contralateral hemisphere
or acute ischemic stroke area in the control group

CTP (median with interquartile range)

Regions of interest
CBF (ml/100ml/min)

CBV (ml/100ml)

TTP (seconds) MTT (seconds)

68.55 (65.06, 85.62)
4929 (40.44, 58.46)
15.43 (9.12, 20.67)
<001

Seizure hemisphere
Contralateral hemisphere
Ischemic stroke

P value

4:06 (3.66, 4.55)
2.84 (2.46, 3.60)
1.95 (0.98, 2.03)
<001

9.01 (8.62, 11.35)

10.62 (9.87, 11.21)
12.83(9.27, 14.56)
<0.01

3.24 (3.15,3.76)
4.15 (3.76, 4.70)
5.68 (4.26,6.79)
<001

Notes: CTP: CT perfusion. CBF: cerebral blood flow. CBV: cerebral blood volume. MTT: mean transit time. TTP:
time to peak. CBF and CBYV significantly increased, while TTP and MTT decreased in the interested areas of
the epileptic seizure involved hemisphere compared with the hemisphere counterparts, or acute ischemic stroke

area in the control group.

MRI of Case No. 1A excluded a new ischemic
stroke. Cases No.4 and No. 5 had only old cerebral
lesions on MRI with no new lesions.

Diagnosis and prognosis

All patients’ neurological symptoms and signs
resolved completely 6 to 33 hours after the onset.
These five cases were ultimately diagnosed with
focal epilepsy. In the emergency room, three
cases had status epilepticus, and two cases had
postictal Todd’s phenomenon. The etiological for
the epilepsy included brain trauma in one case,
post-stroke epilepsy in three cases, and the cause
was unknown in another case. All patients were
treated with antiepileptic drugs. At follow-up

ranging 2-24 months, three cases had recurrent
seizures.

DISCUSSION

A total of five cases (six emergency visits) in
this study entered the emergency stroke care
service due to acute stroke-like manifestations.
Because of the inability to rule out an acute stroke
or stroke with acute seizures, multimodal CT
examination was performed. A CT and CTA ruled
out cerebral hemorrhage and ischemic diseases
with large vessel occlusion. When compared to
the uninvolved hemispheres, the CBF and CBV of
epileptic seizure involved ROI were significantly
increased with MTT and TTP being significantly

Figure 3. CT, CTP, and CTA of the patient No. 6. A: the axial localization on non-contrasted CT with early signs
of acute ischemic stroke (red rectangle); B: CBF, cerebral blood flow; C: CBYV, cerebral blood volume;
D: MTT, mean transit time. The left middle cerebral artery territory was hypoperfused with cortical and
subcortical patterns. E and F: CTA showed the occlusion of left middle cerebral artery (red arrow).
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Figure 4. From Patient No. 4, interictal EEG (16-electrodes, bipolar montage) showed frequent epileptiform
discharges on the right posterior head (the right parietal P4 and right posterior temporal T6 showed
phase reversal), two days after admission. These epileptiform discharges were located in the area of

CTP hyperperfusion (see Figure 2).

decreased. The abnormal area of CTP was also
only seen in cortical distribution. This pattern was
different from the vascular CTP patterns seen in
acute strokes. They were ultimately diagnosed
as stroke mimics, i.e. epileptic seizures (status
epilepticus n=3, postictal state n=2). Therefore,
emergency multimodal CT examinations may
help to quickly distinguish epileptic seizure from
acute ischemic stroke.

Multimodal CT is the most important
investigation for emergency ischemic stroke
evaluation.”’? The CTP abnormalities of our
ischemic stroke cases were consistent with
vascular territories. The CBF and CBV were
also significantly decreased, while MTT and
TTP significantly prolonged. CTP could be
used for evaluation in deciding for intravenous
thrombolysis and endovascular treatment. Stroke
mimics are challenging in the clinical practice
of acute stroke care. Misdiagnosis of stroke
mimics could lead to incorrect treatment and
adverse consequences for patients.” This would
lead to wasted emergency medical resources and
increased patient healthcare costs. This study
found that one of five cases with epilepsy was
misdiagnosed as acute ischemic stroke and was
treated with intravenous thrombolysis.

Epilepsy accounts for a large proportion of
stroke mimics.>>® The diagnosis of epileptic
seizure in this study was based on patients’
history, complete resolution of the symptoms,

multimodal CT, EEG, and brain MRI findings.
A careful anamnesis, clinical manifestations,
multimodal CT and MRI images, or blood tests
excluded other types of stroke mimics.!> EEG is
critical for the diagnosis of epilepsy but is not
readily available in the emergency room setting.
This leads to the importance of multimodal CT to
help the diagnosis of epileptic seizures presenting
as a stroke mimic."”

In this study, five patients had consciousness
disturbances and tonic gaze or hemiparesis
when assessed by neurologists. They were
clinically diagnosed with status epilepticus and
early postictal state of epilepsy at that time.
Unfortunately, we did not have EEG evidence
for them. Emergency CTP examinations played
an important role in the differential diagnosis.
CBF and CBV were significantly increased,
accompanied by a decrease in MTT and TTP.
A prospective study reported more focal or
unilateral increased perfusion of CTP in patients
with status epilepticus though EEG and CTP
were not performed simultaneously.” Payabvash
et al. found that in CTP done within 3 hours
after seizures, 14 out of 18 patients had CTP
hyperperfusion with the temporal lobe being
most commonly involved."” Case reports and
small sample reports indicated that seizures'',
status epilepticus®~2%, and non-convulsive status
epilepticus®® were associated with increased
cerebral perfusion by CTP examination while
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MTT or TTP was reported to be decreased in
some studies.'">-2026 In our study, 4 cases showed
hyperperfusion, with CBF Al more than 10 and
another had a mild elevation of CBF (Al 8.99).

Other studies have reached conflicting
conclusions. Hyperperfusion or hypoperfusion
of CTP in patients with epilepsy may be closely
related to the state of seizures. CTP examination
after epileptic seizures shows hypoperfusion of
the affected brain area.'*?” With more prolonged
post-ictal periods, cerebral perfusion returns to
the base level of an interictal seizure stage.”
The decrease in perfusion may be related to the
interictal low metabolism in the epileptic zone
in between seizures. This low metabolism is
confirmed by interictal single-photon emission
computerized tomography (SPECT) and positron
emission tomography CT (PET-CT).?>**% The
increased SPECT perfusion is seen during the ictal
phase, and then temporarily decreased within a few
minutes after seizures.!*? In some studies, patients
with epilepsy had different CTP manifestations,
namely hyperperfusion, hypoperfusion, or normal
perfusion.'®* Van Cauwenberge et al. described
the CTP changes in 133 patients with seizures
(67 patients with Todd’s paralysis and 27 ictal
patients). Early CTP showed that 64% of Todd’s
paralysis patients had normal perfusion, 21% had
hypoperfusion, and 14% had hyperperfusion.'s
Ictal patients, on the other hand, were more likely
to have hyperperfusion of CTP, with a sensitivity
of 38% and a specificity of 86%.!° These studies
support the association between different seizure
states with CTP abnormalities and the CTP results
should be interpreted carefully. The absence of
vessel occlusion, especially in the setting of
normal or reduced hemispheric cerebral perfusion
should alert the clinician that the patient may be
having a stroke mimic.

Our cases underwent interictal EEG 2 to 6 days
after the onset of the disease. The abnormalities
were located on the side with hyperperfusion
on CTP. Our findings were consistent with the
EEG findings done within 7 days of symptom
onset in another study.”” Only one study had
EEG performed within 2 hours after CT scan.?
EEG findings may vary depending on the time
the EEG was done from onset of symptoms.
Epileptic discharges were recorded for early EEG
within 2 hours®, focal or diffuse abnormalities
for those within 12 hours'?, and ictal or interictal
activities for those within 1-3 days.'"*'* There has
been only a case report on emergency bedside
EEG examination where continuous periodic
unilateral epileptiform discharges were found, and
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the patient was diagnosed as status epilepticus.?
EEG abnormalities (within 5 days) were reported
to be consistent with clinical symptoms and CTP
abnormalities in one study.' It could be implied
that EEG is helpful for the diagnosis of epilepsy.
Conversely, multimodal CT could be used when
EEG is not available in the emergency room, for
the differential diagnosis of epileptic seizures.

The limitations of this study were the small
sample size, coupled with the retrospective and
observational nature of the study design. It was
difficult to separate the ictal phase from the
postictal phase of seizures just on clinical grounds.
Some cases had not completed EEG and MRI
examinations. In the future, prospective, case-
control studies with simultaneous EEG and CTP
would be expected to clarify the characteristics
of CTP in seizures.

In conclusion, emergency multimodal CT could
rapidly and effectively assist in the diagnosis
epileptic seizure mimicking an acute stroke.
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