CT perfusion: stroke, seizure or both?
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SUMMARY

An 88-year-old male with a history of hypertension,
ischaemic heart disease and Bell's palsy presented

with symptoms and signs of an acute ischaemic stroke.
National Institutes of Health Stroke Scale (NIHSS) was
19 at presentation, indicative of potential large vessel
occlusion. The initial CT scan revealed evidence of small
vessel disease and arterial calcification. As there were no
contraindications, he received thrombolytic treatment. CT
angiography and CT perfusion imaging were performed
in preparation for possible thrombectomy. There was no
evidence of a large vessel thrombus, and changes on

CT perfusion were suggestive of seizure activity, with
relative hyperperfusion on the cerebral hemisphere of
interest. Post thrombolysis, his NIHSS was 5. An MR scan
revealed evidence of bilateral thalamic infarcts. After a
period of rehabilitation, he was discharged home and
independently mobile but with cognitive impairment.
Acute stroke care increasingly uses multimodal imaging
to confirm the clinical diagnosis and help optimise

initial emergency management. Such imaging is useful
in determining whether the presentation is a vascular
event or stroke mimic. Moreover, seizures complicate
and mimic acute strokes, which can lead to therapeutic
uncertainty. This case highlights the increasingly
sophisticated investigation of patients presenting with
suspected acute stroke, with the attendant need for
accurate interpretation by experienced clinicians.

BACKGROUND
Bilateral thalamic infarction is a rare phenomenon
thought to account for around 0.6% of ischaemic
strokes.! The thalamus is a diencephalic structure
with unique physiology in which neuronal firing
patterns (tonic vs bursting) alter with physiological
state and activity. It has a central role in the flow of
information between the body and the brain, as well
as the integration of information, and pathology
affecting the thalamus can affect visual function,
auditory pathways, somatosensory transmission,
motor pathways, consciousness, and arousal and
sleep. Depending on the vascular territory affected
within the thalamus, the clinical syndromes differ
and have been well described by Schmahmann.?
The thalamus is supplied by four major vessels:
tuberothalamic, inferolateral, paramedian and
posterior choroidal arteries. The most common aeti-
ology of bilateral thalamic infarcts is cardioembolic,
either via a tip of the basilar phenomenon (when
other structures are usually involved) or in a patient
with the artery of Percheron anatomical variant,
described by the French neurologist, Percheron, in
1973.% In this variant, a single P1 segment of the
posterior cerebral artery gives rise to blood vessels
supplying both thalami. The variant is thought to be

present in between 7% and 11% of people based on
cadaveric studies,** and thromboembolism of this
vessel is the cause for ischaemic stroke in 4%-18%
of all thalamic strokes.®

CT perfusion imaging of the brain is increas-
ingly used in the context of acute ischaemic stroke
although it is not available in all centres. While not
required for decision-making in patients presenting
with ischaemic stroke with a clear symptom onset
time and within well-accepted time windows, it
has a role in extending the therapeutic window for
certain patients, improving diagnostic accuracy of
stroke mimics, enhancing and expediting occlusion
localisation in patients with more distal occlusions,
and providing early prognostic information that
can improve communication with patients and
their relatives.” The case we present had CT perfu-
sion imaging inconsistent with the clinical picture,
being suggestive of seizure activity, which is an
uncommon but reported presentation of bilateral
thalamic infarction, and as shown in the case we
present, the CT perfusion imaging need not delay
the initiation of thrombolysis where conventional
indications remain. It can add extra information for
the decision-making process as discussed below.

CASE PRESENTATION

A usually independent and active octogenarian
with no pre-existing cognitive impairment and a
preadmission Barthel Index of 20 presented to
the emergency department of our institution. His
medical history included angina, hypertension and
a previous Bell’s palsy affecting the left side of
his face. Medication prior to admission included
aspirin 75 mg once a day, isosorbide mononitrate
40 mg once a day, lisinopril 5 mg once a day, artifi-
cial tears as required, omeprazole 20 mg once a day,
atenolol 25 mg once a day and atorvastatin 20 mg
once a day.

He was last seen well at 10:00 but was found at
12:40 ‘confused’, with speech disturbance associ-
ated with a right-sided facial droop and right-sided
weakness. He arrived at 13:40 and the stroke team
were contacted at 13:50, at which point his National
Institutes of Health Stroke Scale (NIHSS) was 19:
although he was conscious, he had severe aphasia
(and therefore was unable to answer questions
about the month and his age), he struggled to obey
two commands, had visual inattention, significantly
reduced power in both the right arm and leg, near
unintelligible speech and severe hemi-inattention.

Intravenous access was obtained and baseline
blood tests sent, all of which were unremarkable.
Plain CT of the head revealed changes consistent
with small vessel disease and arterial calcification
particularly in the middle cerebral arteries. In
view of the NIHSS score and symptoms and signs
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consistent with a left total anterior circulation ischaemic infarct,
and in the absence of any contraindications, the patient was
thrombolysed with intravenous alteplase 26 min from referral.
As the thrombolytic therapy was being infused, we proceeded to
CT angiography and CT perfusion, in preparation for possible
thrombectomy of the suspected thrombus occluding the left
middle cerebral artery.

Initially, the patient’s blood pressure had been acceptable
(155/88 mm Hg), but this rose during thrombolysis and a bolus
of intravenous labetalol was required to bring the blood pres-
sure back within range. Thereafter, blood pressure control was
adequate.

CT angiogram did not reveal any large vessel thrombus,
and CT perfusion imaging using Brainomix software revealed
changes compatible with seizure activity: relatively reduced time
to peak (TTP) and time to maximum (Tmax) in the left cere-
bral hemisphere compared with the right, and increased relative
cerebral blood volume (rBV) and relative cerebral blood flow
(rBF) on the left compared with the right. For readers unfamiliar
with Brainomix software, it produces a number of useful outputs
including visual colour maps of calculated perfusion parameters
overlaid on the corresponding anatomical CT brain slice. It seeks
to identify areas of perfusion mismatch and calculate relevant
volumes of ischaemic core and penumbra, presenting those
quantitatively and visually.

Forty-five minutes into thrombolysis, the patient deterio-
rated, becoming drowsy but rousable to voice and with difficulty
clearing upper airway secretions. There were no convulsions
and no eye deviations. Although a bleeding complication
would be unlikely at this stage, a repeat plain CT of the head
was performed, which confirmed no evidence of bleeding. The
patient was transferred to our hyperacute stroke unit where he
remained for 5 days before transfer to the stroke unit.

Four hours after thrombolysis, the patient was more alert: his
NIHSS score had reduced to 5 (for mild-moderate aphasia, near
unintelligible speech and the inability to answer the month or
his age).

Initial speech and language assessments documented delayed
processing, jargon and difficulty with expression. He had no
insight into his deficits. A Montreal Cognitive Assessment at 48
hours had a score of 11/30 with deficits in visuospatial abili-
ties, attention, language, abstraction, delayed recall and orien-
tation. Further therapy input commented on a gradual recovery
of speech over the subsequent week, with dysphonia, persevera-
tion, difficulty with recall of recent events, and some confusion
and memory deficits.

The MRI demonstrated bilateral paramedian thalamic stroke,
and the final diagnosis was bilateral paramedian thalamic stroke
presenting as acute symptomatic seizure.

The patient was discharged on day 8 from the stroke unit with
a return of physical function but cognitive deficits leaving him
with a Barthel Index of 5 on discharge.

INVESTIGATIONS
Routine blood tests including full blood count, urea and elec-
trolytes, coagulation screen, venous blood gas with lactate, liver
function, cholesterol and HbAlc were performed in the emer-
gency department at presentation and were unremarkable. An
ECG demonstrated normal sinus rhythm at a rate of 97 beats
per minute, with a single ventricular ectopic, partial right bundle
branch block, normal axis and no overt ischaemia.

The plain CT of the head demonstrated moderate periven-
tricular chronic ischaemia, with further ischaemic change in

Figure 1  CT perfusion images within 30 min of presentation
demonstrating reduced time to maximum (Tmax) and time to peak (TTP)
in the left cerebral hemisphere compared with the right, and increased
relative cerebral blood volume (rBV) and relative cerebral blood flow
(rBF) on the left compared with the right.

both insular regions. No acute infarct was identified, but both
internal carotid arteries were noted to be markedly calcified,
with the calcification extending into the middle cerebral arteries.
There was no evidence of intracranial haemorrhage or other
abnormality.

CT angiography revealed no significant stenosis, occlusion or
dissection in the carotid arteries. A dominant vertebral artery
was noted, and the attenuated right anterior cerebral artery was
supplied by the anterior communicating artery. The circle of
Willis was otherwise felt to be normal.

CT perfusion showed a relatively reduced TTP and Tmax
in the left cerebral hemisphere compared with the right, and
increased rBV and rBF on the left compared with the right. All
these parameters are in keeping with seizure activity affecting
the left cerebral hemisphere (figure 1).

MRI of the head without contrast demonstrates hyperinten-
sity of both thalami on axial diffusion-weighted imaging (DWT)
with restricted diffusion on the apparent diffusion coefficient
map. There is increased signal corresponding with the abnormal-
ities on the DWI seen on the fluid-attenuated inversion recovery

Figure 2 Uncontrasted MRI of the head demonstrating hyperintensity
of both thalami on axial diffusion-weighted imaging (left-hand image)
with restricted diffusion on the apparent diffusion coefficient map
(right-hand image).
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images. This is in keeping with acute bilateral thalamic infarction
(figure 2).

DIFFERENTIAL DIAGNOSIS

The initial presentation of our patient appeared consistent with
a left total anterior circulation infarct. His dense hemiparesis,
facial weakness, visual field deficit, hemi-inattention, dysarthria
and dysphasia all pointed to an acute vascular event. Seizure
secondary to an underlying intracranial abnormality was consid-
ered less likely in view of the persistent neurological findings
with preserved alertness, and there was no history of epilepsy
or witnessed epileptiform activity. As with all abrupt onset
neurological conditions, hypoglycaemia was excluded by the
ambulance crew pre-hospital and normoglycaemia confirmed
in the emergency department. The abrupt symptom onset and
absence of fever or prodrome made encephalitis and meningitis
unlikely, as did the blood diagnostics which failed to demon-
strate abnormal white blood cell count or significantly raised C
reactive protein. Plain CT excluded any haemorrhage in the rele-
vant vascular territory as well as any significant tumour.

There were no contraindications to thrombolysis, and on this
basis we proceeded with the treatment.

Once the thrombolysis had started, the CT perfusion scan
was completed and caused some doubt to be cast on the initial
diagnosis. The left-sided hyperperfusion made the right cere-
bral hemisphere look relatively hypoperfused. The CT perfu-
sion scan was more in keeping with a seizure, but in view of the
persistent widespread neurological symptoms with no seizure
activity witnessed and multiple vascular risk factors (age, sex,
hypertension, coronary artery disease), the risk-benefit balance
was favoured to continue to treat as ischaemic stroke, given that
stroke can, in up to 4% of cases, present as seizures.

The final diagnosis was arrived at using a combination of
imaging modalities—both CT perfusion and non-contrast MRI.

TREATMENT

The patient was initially thrombolysed with intravenous
alteplase and went on to receive aspirin 300 mg once a day for
14 days and then was switched to clopidogrel 75 mg once a day
thereafter in accordance with nationally agreed guidance on
secondary prevention after stroke in the absence of atrial fibril-
lation.® Levetiracetam was initially started for the treatment of
acute symptomatic seizure.

OUTCOME AND FOLLOW-UP

The patient made a full motor recovery, but his cognition
continued to be an ongoing concern. Following some inten-
sive inpatient therapies, he was discharged to his own home to
continue rehabilitation on day 8 after admission. Outpatient
Holter monitoring and transthoracic echocardiography were
performed in accordance with local guidelines looking for a
cardioembolic source of stroke. A transthoracic echocardiogram
revealed good left ventricular systolic function with an ejection
fraction of more than 50%, a normal right ventricle and mild
mitral regurgitation with no evidence of intracardiac thrombus.
Seven-day Holter monitoring showed normal sinus rhythm
throughout with no significant arrhythmia or pauses. The patient
will be seen in our stroke follow-up clinic in due course.

DISCUSSION

CT perfusion is increasingly used in the assessment of patients
presenting with suspected acute stroke and can be beneficial
in excluding conditions that mimic stroke such as seizures and

posterior reversible encephalopathy syndrome, which otherwise
might be treated with thrombolysis. Reported changes seen on
CT perfusion with various stroke mimics can at times appear
odd.” Typical changes of seizures on CT perfusion scan include
ipsilateral increased perfusion, or contralateral increased TTP, or
unilateral increased cerebral blood flow and decreased TTP. In
one review, 91% of patients presenting with seizure to an emer-
gency department over a 4-year period had an abnormal CT
perfusion scan, with 66% having the typical changes described
above.'? Seizures typically produce perfusion abnormalities that
do not respect vascular territories, and often there is increased
cerebral blood flow ictally, decreased flow post-ictally and then
a normalisation.

Our patient’s scan showed hyperperfusion of the left cere-
bral hemisphere. Hyperperfusion is seen more commonly when
perfusion scanning is performed within the first 3 hours of
the event,'" and post-ictal changes can be unihemispheric and
typically contralateral to the clinical deficits'® as in our case.
Although in this case the thrombolysis bolus dose was given prior
to CT angiography and CT perfusion scanning, it is extremely
unlikely to be the cause of the abnormalities demonstrated on
our patient’s perfusion map: opening a large artery should not
cause hyperperfusion, only normal perfusion. This supposition
is borne out with the final clinical and radiological findings that
confirm the diagnosis of bilateral thalamic stroke.

The European Stroke Organisation (ESO) 2021 guidance on
intravenous thrombolysis'? specifically considers the question
of thrombolysis for patients presenting with seizure at stroke
onset within 4.5 hours of onset of ischaemic stroke symptoms.
Although seizure can be the presenting feature of stroke, this
subgroup of patients have traditionally been excluded from
randomised controlled trials for thrombolysis for a variety of
reasons, including concerns around thrombolysing a stroke
mimic or about occult head injury acquired during a seizure—and
therefore attendant increased risk of intracranial haemorrhage.
The ESO guidance makes the following weak recommendation:
‘for patients with acute ischaemic stroke of <4.5 hours’ duration
who have seizures at time of stroke onset, and for whom there
is no suspicion of a stroke mimic or significant head trauma, we
suggest intravenous thrombolysis with alteplase’.’* This recom-
mendation is based on observational studies suggesting that the
risk of symptomatic intracranial haemorrhage following throm-
bolysis of a stroke mimic is low,”® '* at around 1%, compared
with 7.9% in acute ischaemic stroke.' In addition, the number
needed to treat for thrombolysis is 10 if administered within 3
hours/with a favourable CT/CT perfusion imaging, and seizure at
onset of acute ischaemic stroke is not an independent predictor
of poor prognosis."

Advanced imaging methods such as CT perfusion or MRI
with DWI and apparent diffusion coefficients have not been
used in the context of seizures and suspected acute stroke in
randomised controlled trials, and their use has the potential to
complicate decision-making as our case demonstrates. The major
point for discussion in the management of our patient revolves
around whether the CT perfusion should have prevented us
from thrombolysing the patient, who had in fact suffered bilat-
eral ischaemic thalamic infarcts. The evidence is weak, but the
risk of harm was perceived to be low, and the current guid-
ance would favour thrombolysis in the absence of underlying
structural brain abnormality and metabolic or infectious stroke
mimic. Because advanced imaging techniques have a role in
recognising stroke mimics,” many stroke centres have incorpo-
rated them into their standard assessment protocols. This case
demonstrates the importance of clinical assessment alongside
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the use of CT perfusion imaging: if the CT perfusion alone had
been considered, this male would not have received intravenous
thrombolysis and would have probably been left significantly
more disabled following his bilateral thalamic infarcts. Given the
current evidence, withholding intravenous thrombolysis from
a patient with presumed ischaemic stroke but seizure at onset
seems difficult to justify. Acute MRI with DWTI could have saved
this particular diagnostic conundrum but is not feasible in many
centres nationally.

As with so many technologies in medicine, CT perfusion has
the potential to bring great benefit, but only when used by expe-
rienced clinicians with an understanding of its limitations.

Learning points

» Thalamic infarcts can present as seizures

» (T perfusion has a role in helping define aetiology, but
clinical acumen is vital for its interpretation and application
in clinical practice.

» MRI is a helpful tool in establishing the diagnosis of acute/
subacute stroke, especially where there is clinical uncertainty.

Correction notice This article has been corrected since published online. The
spelling of author's name has been corrected from "Elizebath Davies" to "Elizabeth
Davis".
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