Review

J. Integr. Neurosci. 2022; 21(3): 92
https://doi.org/10.31083/j.jin2103092

The importance of CT perfusion for diagnosis and treatment of
ischemic stroke in anterior circulation

Daniel Vaclavik:234* Ondrej Volny!'?, Petra Cimflova*®, Krystof Svub?,

Katerina Dvornikova?, Michal Bar!»?

I Department of Clinical Neurosciences, Faculty of Medicine, University Ostrava, 70800 Ostrava, Czech Republic

2Research and Training Institute Agel, Department of Neurology, Hospital Ostrava Vitkovice, 70384 Ostrava, Czech Republic

3Department of Neurology, University Hospital Ostrava, 70800 Ostrava, Czech Republic

4Faculty of Medicine in Hradec Kralove, Charles University, 11000 Hradec Kralove, Czech Republic

5Department of Medical Imaging, St. Anne’s University Hospital and Faculty of Medicine, Masaryk University, 60177 Brno, Czech Republic

*Correspondence: daniel.vaclavik@vtn.agel.cz (Daniel Vaclavik)
Academic Editors: Foteini Christidi, Emilia Salvadori and Rafael Franco
Submitted: 29 September 2021  Revised: 28 November 2021

Abstract

Accepted: 31 December 2021

Published: 12 May 2022

Computed tomography perfusion (CTP) is a functional examination of brain tissue that characterises the state of cerebral perfusion and

provides information about the current status of the circulation. CTP can improve diagnostic accuracy of ischemic stroke. Published stud-

ies showed that perfusion imaging improves the prognosis of patients with acute ischemic stroke in anterior circulation and allows patients

to be referred for treatment outside the time window for administration of intravenous thrombolysis (IVT) or mechanical thrombectomy
(MT). In this review we discuss technical aspects of CTP, clinical significance of CTP in anterior circulation stroke (ACS) and its role

in diagnostics of stroke mimics.
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1. Introduction

In the context of acute stroke, computed tomography
(CT) of the brain is the most widely used imaging method.
All patients with suspected acute ischaemic stroke (AIS)
must have a native CT scan of the brain (NCCT), which
can assess the age and extent of ischaemia and exclude other
pathology of sudden neurological deficit that will exclude
the patient from recanalization therapy (tumour, haemor-
rhage) [1]. In the first hours of stroke onset, no changes
may be apparent on the NCCT scan. Subsequently, early
ischaemic changes develop (developing cytotoxic oedema,
white-grey matter de-differentiation, loss of gyrification,
flattering of the liquor spaces at the brain convexity, dense
artery sign) until a hypodense rim corresponding to cere-
bral infarct is formed [1]. In clinical practice, we use the
Alberta Stroke Program Early CT score (ASPECTS) to
assess the extent of early ischaemic changes in the mid-
dle cerebral artery (MCA) territory [1]. Nowadays, auto-
matic assessment of early ischaemic changes (Brainomix,
iSchemaView RAPID) is being developed and used. In ad-
dition, CT perfusion (CTP) imaging is becoming clinically
available. CTP is a functional examination of brain tissue
that characterises the state of cerebral perfusion and pro-
vides information about the current status of the circula-
tion/microcirculation [2]. In 2017, a review of 27 studies
by Shen et al. [3] was published that evaluated and com-
pared the diagnostic accuracy of CTP with NCCT and CT
angiography (CTA) in the detection of AIS. The pooled sen-

sitivity and specificity of CTP for acute ischaemic stroke
were 82% and 96%, respectively. CTP was more sensitive
than NCCT and had similar accuracy to CTA in detecting
AIS. There were no statistically significant differences in
sensitivity and specificity between patients who underwent
CTP within 6 hours of symptom onset and 6 hours after
the symptom onset [3]. However CTP has limited diag-
nostic utility in acute ischaemic posterior circulation stroke
(PCS) [4]. Other limitations of CTP are lacunar strokes with
50% false negative cases and small cortical and subcortical
strokes with a size of infarction under 3 cm? and low sen-
sitivity of CTP (29%) [3].

Published studies indicate that perfusion imaging may
have a prognostic value in anterior circulation acute is-
chemic stroke and aid in the selection of patients outside
the time window for administration of intravenous throm-
bolysis (IVT) or mechanical thrombectomy (MT) [5]. Al-
though CTP has value in assessing tissue perfusion status
in the hyperacute stroke setting and the long-term clinical
prognosis of patients with AIS receiving reperfusion ther-
apy, the prognostic use of CTP requires optimization and
further validation [6].

The aim of this review was to give an overview of
CTP acquisition and processing, clinical significance of
CTP in anterior circulation stroke according to published
meta-analysis and randomised controlled trials and its role
in diagnostics of stroke mimics.
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Fig. 1. Perfusion time attenuation curve. Time to peak (TTP)
represents time it takes the contrast to achieve its maximum within
the area of interest. Cerebral blood flow (CBF) is represented by
the slope of the curve as contrast arrives into the brain and the cere-
bral blood volume (CBV) is expressed by the volume/area under
the curve. Mean transit time (MTT) is then calculated as the ratio
of CBV and CBF [11].

2. CTP acquisition and processing

CTP represents a dynamic acquisition capturing a
passing contrast bolus (its wash-in and wash-out) through
the brain tissue [7,8]. In other words, the brain is repeatedly
scanned as the contrast medium flows through the region of
interest and its relative increase, peak and decrease is mea-
sured, and an attenuation-time curve is generated [9].

Based on the derived attenuation-time curves that are
obtained for arterial input function (representing arterial
flow/wash-in) and venous output function (representing ve-
nous flout/wash-out), perfusion parameters are calculated
for each voxel on a CTP map representing different hemo-
dynamic properties [8,9].

The essential hemodynamic parameters in CTP stud-
ies:

(1) Cerebral Blood Flow (CBF) refers to the volume of
blood flowing in a unit of brain mass during a unit of time,
measured in milliliters/100 g/min (mL/100 g/min). CBF is
often expressed proportionately (relative CBF) as normal-
ized measure to a presumed normal reference region (in the
contralateral hemisphere).

(2) Cerebral Blood Volume (CBV) refers to the frac-
tion of a tissue that is vascularized, expressed in the
milliliters/100 g.

(3) Mean Transit Time (MTT) represents the average
time that takes a contrast bolus to traverse the capillary bed;
MTT is reported as an absolute in seconds.

(4) Time to maximum of the residual function (Tmax)
expresses the delay from the start of scan acquisition to the
maximum intensity of contrast bolus in each voxel.

CBF, MTT, and CBV are mathematically related by
the equation: CBF = CBV/MTT, known as the central vol-

ume principle [10]. Therefore, measurement of any 2 of
these parameters is sufficient to derive the third parameter
[8], Fig. 1 (Ref. [11]).

The contrast passage and subsequent attenuation-time
curves are dependent on arterial flow (expressed as arterial
input function) and tissue characteristics. Among factors
influencing the arterial flow of contrast media through the
tissue belong impaired cardiac output, severe carotid steno-
sis or factors related to the contrast bolus injection (injection
rate, saline chase). These factors may result in delay or dis-
persion of the contrast bolus which may introduce an error
in the quantification of CBF [8,12].

Raw CTP data can be processed with 2 techniques
to generate perfusion maps, non-deconvolution and decon-
volution methods. Non-deconvolution methods are based
on first-pass iodine extraction measurements resulting in a
simplified and less computationally intensive processing al-
gorithm. Deconvolution methods account for physiological
variations in arterial flow, the collateral flow effect, and ve-
nous outflow components of cerebral perfusion [8,13].

There exist different deconvolution methods: singu-
lar value decomposition (SVD) [14], delay- and dispersion-
corrected singular value deconvolution (dd-SVD) [15],
and Bayesian methodologies [16]. dd-SVD or Bayesian-
estimated generate the arterial delay time in contrast Tmax
derived from SVD model. Use of different deconvolution
methods may result in the measurement variability of the
core and penumbra based on the deconvolution algorithm
[8].

The goal of perfusion analysis in the clinical use is
to quantify tissue with significant hypoperfusion which is
likely to infarct if reperfusion is not achieved (ischemic
penumbra) and identify tissue that is likely irreversibly in-
farcted (ischemic core) [5]. Some form of thresholding is
usually applied to derived perfusion maps to obtain more
consistent and objective result.

It is important to note that the CTP threshold is not
absolute. It has been shown that the ischemic core may be
overestimated if the perfusion imaging is performed very
early after the symptom onset [ 17] and the use of more strict
thresholds should be considered especially if the imaging is
performed within the first hour (“golden hour”) [18]. The
core overestimation was also demonstrated in those patients
with achieved rapid reperfusion [17]. Although it is know
that the white matter is more resistant to the hypoperfusion
and therefore more strict thresholds should be applied to
distinguish grey and white matter at risk of infarction with a
higher accuracy [19], this differentiation is not widely used
in clinical practice and remains to be so far of a research
interest.

Prediction of the tissue fate is also influenced by the
severity of hypoperfusion [17,20]. Severely hypoperfused
tissue defined as Tmax delay >10 s tends to progress more
rapidly that the tissue with better residual perfusion through
collateral flow. The severity of hypoperfusion can be quan-
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tified by the hypoperfusion intensity ratio (HIR), which rep-
resents the proportion of Tmax >6 s perfusion lesion with
Tmax >10 s perfusion lesion. The high HIR was proved to
predict the poor collaterals and infarct progression [20].

Multiple software packages generating perfusion
maps are available. However, comparison of commercially
available software shows significant differences in core
and penumbra volume calculation due to different meth-
ods of generating perfusion parametres [17,21,22]. For in-
stance, one software may generate highly delay-sensitive
MTT maps, but other packages may generate delay insen-
sitive maps [17]. Such a differences may subsequently in-
fluence patient selection for reperfusion therapy.

However, the automated image analysis offers the po-
tential to improve patient outcomes by reducing triage,
transfer and treatment times [23,24] by identifying the pa-
tients with perfusion deficit especially in smaller, rural hos-
pitals where physicians with experience in stroke imaging
or manual processing of perfusion scans are not always
available [25].

3. Clinical significance of CTP in acute AIS

Within a time window of up to 4.5 hours for admin-
istration of systemic thrombolysis and up to 6 hours for
mechanical thrombectomy, evaluation of native CT is con-
sidered sufficient preferably using ASPECTS score and
CT angiography to indicate recanalisation therapy. Studies
with both endovascular therapy and systemic thromboly-
sis (EXTEND-IA, DEFUSE3, DAWN, EXTEND, WAKE-
UP) have shown benefit in patients treated outside the
guideline recommended therapeutic window. The sig-
nificance of CTP, which allows differentiation between
necrotic core and penumbra, lies primarily in the extension
of the possibility of treating patients with systemic throm-
bolysis or endovascular therapy. These patient groups are:
wake up stroke, unknown time of onset and time of onset
>4.5 hours for the indication of intravenous thrombolysis
and >6 hours for mechanical thrombectomy [5].

A 2017 meta-analysis by Ruy et al. [26] examined the
effect of treatment using perfusion imaging compared with
CT protocols without CTP. 994 patients from 8 randomised
and prospective studies published between 2011-2016 were
analysed. In most studies, patients in the perfusion imag-
ing group were treated in extended time window, up to 26
hours or with an unknown time of onset. Patients with both
recanalization therapy (intravenous thrombolysis plus me-
chanical thrombectomy) were 1.9 more likely to achieve
good clinical outcome, as expressed by modified Rankin
Scale (mRS) of 0-2, when using perfusion imaging.

Another meta-analysis by Katyal in 2020 looked
at randomised and retrospective studies with recanaliza-
tion therapy (intravenous thrombolysis plus mechanical
thrombectomy, or a combination of both) conducted from
2005 to 2020). Recanalization therapy was evaluated in
patients with unknown time of onset, wake up stroke and
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stroke after 4.5 h for intravenous thrombolysis and after 6
h for mechanical thrombectomy, who were compared with
patients treated within the standard window. From a total
of 2226 studies, 15 with good quality methodology were
selected. Nevertheless, the limitations of the meta-analysis
mentioned that it comprised of prospective studies without a
blinded placebo group, it was partly sponsored by commer-
cial entities, and the CTP protocols were heterogeneous. A
total of 5687 patients were analysed, 2040 (36%) with CTP
guided recanalization therapy compared to 3647 (64%) with
standard therapy. The following criteria were evaluated:
good clinical outcome at 90 days (mRS 0-2), symptomatic
intracranial haemorrhage (SICH), percentage of recanaliza-
tion, and mortality. The odds of good clinical outcome were
2.3 times greater in the CTP-guided recanalization group
(OR = 2.3; 95% CI 1.6-3.21). In the subgroup with en-
dovascular therapy after 6 h compared to patients without
recanalisation therapy, the good clinical outcome was even
5 times higher (OR = 5.01; 95% CI 3.07-8.17). There was
no significant difference between groups in SICH, 5% in
the CTP group versus 4.7% in control group. There was a
significant reduction in mortality (OR =0.75; 95% CI1 0.59—
0.74) and a higher likelihood of recanalization (OR = 4.37,
95% CI 2.52-7.58) in the CTP group [27].

CTP thus opens up the possibility of therapy for pa-
tients who would otherwise not be treated due to failure to
meet the time specific criteria. Select 2 study with endovas-
cular treatment and the use of CTP is currently underway
looking for efficacy and safety in patients with large core
infarcts and extended time windows [27].

Besides the role of CTP in the diagnosis of AIS, its
role in prognosis of cerebral ischaemia was studied. Meta-
analysis of Campbell showed that increasing ischaemic core
volume (CTP time to maximum longer than 6 s) was in-
dependently associated with functional independence and
functional improvement [28].

3.1 Intravenous thrombolysis and CTP

Thrombolytic therapy after 4.5 h was studied in the
randomised, placebo-controlled study — EXTEND (Extend-
ing the Time for Thrombolysis in Emergency Neurologi-
cal Deficits). Patients with known onset and duration of
symptoms between 4.5-9 hours and patients with wake up
stroke were included (if within 9 hours from the midpoint
of sleep). 113 patients in the intravenous thrombolysis (al-
teplase) group and 112 in the placebo group. Imaging cri-
teria for ischemic core and were rCBF below 30% and
Tmax above 6 s as the area of hypoperfusion. Patients
with mismatch ratio >1.2 were included. Absolute dif-
ference between volume of hypoperfusion and volume of
the ischaemic core greater than 10 mL and ischaemic core
volume of less 70 mL. The automated software Rapid (iS-
chemaView) was used to evaluate perfusion imaging. The
primary outcome of a modified Rankin scale score of 0 or
1 was achieved by 35.4% of the patients in the alteplase
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group and by 29.5% of those in the placebo group (adjusted
risk ratio, 1.44; 95% CI 1.01-2.06; p = 0.04). Patients
treated with intravenous thrombolysis had more intracra-
nial haemorrhages (6.2 vs 0.9%), just below the signifi-
cance level (adjusted risk ratio 7.22; 95% CI 0.97-53.54;
p =0.053). However, there was no significant difference in
90-day mortality (11.5% vs 8.9%) (adjusted risk ratio 1.17;
95% C1 0.57-2.4; p=0.67) [29].

Other randomised trials studying the effect of in-
travenous thrombolysis in patients selected based on the
moultimodal imaging were the ECASS4-EXTEND and
EPITETH studies. The ECASS4-EXTEND study used the
same inclusion criteria as the EXTEND study, but used vi-
sual assessment of MRI perfusion-diffusion imaging. The
study was terminated prematurely due to low patient re-
cruitment. EPITETH study randomly allocated patients to
alteplase or placebo within 3—6 h of stroke onset based on
evaluation of MRI perfusion-diffusion processed offline to
determine the presence of perfusion mismatch [30].

Campbell ef al. [28] conducted a meta-analysis of all
3 studies in 2019. From the EPITETH study, only patients
treated within the 4.5-6 h of stroke were analysed. A total
of 414 patients were analysed, 213 (51%) in the alteplase
group and 201 (49%) in the placebo group. For the anal-
ysis of the primary outcome- excellent functional outcome
(mRS score 0—1) after 3 months, 211 patients from the treat-
ment group and 199 from the placebo group were available.
In the alteplase group, 76 patients (36%) achieved it versus
58 (29%) in the placebo group (OR 1.86, 95% CI 1.15—
2.99). In the alteplase group, the number of symptomatic
intracerebral haemorrhage (SICH) was significantly higher.
Ten (5%) of 213 patients vs one (<1%) of 201 patients (OR
1.55;95% CI 1.23-76.5, p = 0031). However, there was no
significant difference in mortality between the two groups
14% vs 9% (OR 1.55, 95% CI 0.81-2.96). Evaluation of
perfusion imaging using the software RAPID was possi-
ble in 405 patients. Favourable perfusion mismatch was
present in 304 patients, 152 patients in each group. In these
patients, the excellent clinical outcome after 3 months was
36% in the treatment group versus 26% in the placebo group
(OR 2.06; 95% CI 1.17-3.62, p = 0.012). In patients with-
out perfusion mismatch there was no difference between the
two groups. The safety outcomes (death at 3 months and
SICH) in patients with perfusion mismatch was similar be-
tween the two groups. Analysis of these studies shows a sig-
nificantly positive effect of thrombolytic therapy in patients
treated based on perfusion tissue viability imaging after in
late time window. The disadvantage of using CTP after the
therapeutic window is the low sensitivity of CTP (50%) for
the detection of lacunar infarcts, which might exclude these
patients from thrombolytic in late time window [30,31].

In another meta-analysis of the EPITETH and EX-
TEND trials, the association of reperfusion and 90-day clin-
ical outcome was examined in the 4.5-6 h, 6-9 h and wake
up stroke groups. 270 patients were analysed, of whom 226

(83%) had a positive baseline perfusion mismatch. The al-
teplase group had a significantly higher percentage of reper-
fusion 51% vs 28% (risk ratio RR, 1.84; 95% CI 1.34—
2.53; p < 0.001). Reperfusion patients were almost 8 times
more likely to achieve an improvement in mRS of at least
1 point. Patients with successful reperfusion were 2 times
more likely to be functionally independent (mRS 0-2) after
90 days (RR 2.15; 95% CI 1.71-2.72), which was achieved
across all studied groups. The incidence of SICH was 5.9%;
7.1% and 5.5% (p = 0.91) in each group. The analysis
showed the expected higher percentage of reperfusion in
patients treated with alteplase, but demonstrated a signif-
icantly better clinical outcome in patients with reperfusion
after 4.5 h [32].

Thomalla’s meta-analysis, published in 2020, com-
prised patients treated with intravenous alteplase for
stroke with unknown time of onset guided by advanced
imaging. Patients with perfusion CT (EXTEND study,
ECASS-4 study), perfusion-diffusion MRI, or MRI with
diffusion-weighted imaging-fluid-attenuated inversion re-
covery (WAKE-UP study, THAWS study) mismatch were
eligible. The outcomes confirmed results of the above men-
tioned meta-analysis:

In patients who have had a stroke with unknown time
of onset with perfusion mismatch, intravenous alteplase
resulted in better functional outcome after 90 days than
placebo or standard care despite an increased risk of symp-
tomatic intracranial haemorrhage [33].

3.2 Mechanical thrombectomy and CTP

The effect of mechanical thrombectomy after 6 hours
demonstrated in the DEFUSE 3 study, which randomized
patients within 6-16 hours after stroke based on automated
CTP analysis. Patients with middle cerebral artery (MCA)
or internal carotid artery (ICA) occlusion meeting perfu-
sion criteria were included in the study. An initial vol-
ume of core <70 mL, and a mismatch ratio of 1.8 or more
and an absolute volume of potentially reversible ischaemia
(penumbra) of 15 mL or more represented the perfusion-
based selection criteria. 182 patients were randomised, 92
to the intervention group and 90 to the best medical manage-
ment group. In the intervention group, there were almost 4
times more reperfusions on follow-up MRA or CTA (78%
vs 18%, p < 0.001).

and significantly more patients reached mRS 0-2 in
the treated group (45% vs 17%, p < 0.001). Mortality was
half in the endovascular group (14% vs 26%; p = 0.05) and
there was no significant difference in SICH (7% and 4%, re-
spectively; p = 0.75) [31]. The Defuse 3 study showed the
importance of patient selection based on perfusion imag-
ing. This is in contrast to studies in which patients were en-
dovascularly treated after 7 or 8 hours without assessment
of perfusion mismatch and which did not show a signifi-
cant effect of endovascular treatment [32—34]. The Defuse
3 study achieved similar positive results using automated
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Table 1. Results of RCT with CTP after terapeutic time window.

mRS 3M mRS 3M

Mortality Mortality

Trial No of Pts Recanalization Time window treated placebo OR95% CI  treated placebo OR 95% CI
No (%) No (%) No (%) No (%)
Metaanalysis EXTEND, . 45-9h 0-1 0-1 1.86 1.55
414 Intravenous thrombolysis 29 (14%) 18 (9%)
EPITHET, ECASS 4 Wakeup 76 (36%) 58 (29%) 1.15-2.99 0.81-2.96
Mechanical 0-2 0-2 2.67 0.55
DEFUSE 3 182 6-16h 13 (14%) 23 (26%)
thrombecotmy 41 (45%) 15 (17%)  1.6-4.5 0.3-1.02
Mechanical 0-2 0-2
DAWN 206 6-24h Not calculated 17 (16%) 18 (18%) Not calculated
thrombecotmy 52 (49%) 13 (13%)

EXTEND, Extending the Time for Thrombolysis in Emergency Neurological Deficits; EPITHET, Effects of alteplase beyond 3 h after stroke in the
Echoplanar Imaging Thrombolytic Evaluation Trial; ECASS 4, European Cooperative Acute Stroke Study 4; DEFUSE 3, A multicenter randomized

controlled trial of endovascular therapy following imaging evaluation for ischemic stroke; DAWN, Diffusion Weighted Imaging (DWI) or Computerized

Tomography Perfusion (CTP) Assessment With Clinical Mismatch in the Triage of Wake Up and Late Presenting Strokes Undergoing Neurointervention;

RCT, randomized controlled trial; CTP, Computerized Tomography Perfusion.

perfusion software as the DAWN study, which enrolled pa-
tients between 624 hours.

The DAWN study combined clinical/imaging mis-
match inclusion criteria. Patients with MCA or ICA oc-
clusion, 6-24 hours from the stroke onset were divided into
3 groups. Severity of neurological deficit was assessed by
NIHSS, and the size of the ischaemic core was measured
in mL on DWI-MRI or CTP by Rapid software. Group A
included patients over 80 years of age with NIHSS over 10
and ischaemic volume less than 21 mL. Group B included
patients younger than 80 years with NIHSS above 10 and
size of ischaemia below 31 mL. The last group, C, also in-
cluded patients below 80 but with a more severe NIHSS
of 20 and above and a larger ischaemic volume of 31-51
mL. There were 107 patients in the thrombectomy group
and 99 in the control group. The study was terminated pre-
maturely after an interim analysis demonstrating superiority
of mechanical thrombectomy. 90-day functional indepen-
dence (mRS 0-2) was significantly better in the thrombec-
tomy group 49% vs 13% in the control group. The rate of
symptomatic intracranial haemorrhage did not differ signif-
icantly between the two groups (6% in the thrombectomy
group and 3% in the control group, p = 0.50), 90-day mor-
tality was similar (19% and 18%, respectively; p = 1.00).
Despite the limited strength of statistical analysis for indi-
vidual groups, no heterogeneity was found in the effect of
thrombectomy depending on mismatch between the sever-
ity of the clinical deficit and infarct volume, with mismatch
criteria defined according to age (under 80 years or more
than 80 years) [35,36].

The DAWN study demonstrated the beneficial effect
of mechanical thrombectomy in patients selected on the ba-
sis of perfusion imaging and severity of neurological deficit
treated in extended treatment window [37,38].
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4. CTP and stroke mimics

The frequency of stroke mimics is variable and de-
pends on many factors. The diagnosis of stroke mimics is
made approximately in 20—50% of cases of suspected acute
stroke depending on whether the patients are evaluated by
the emergency personal or stroke physicians [39].

According to the aetiology, stroke mimics can be di-
vided into two groups: medical stroke mimics and func-
tional stroke mimics. Diseases that may not have a positive
finding in NCCT and therefore their diagnosis are difficult
are as follows: recrudescence, migraine, epilepsy, vertigo
associated with peripheral vestibular syndrome, attacks in
multiple sclerosis and functional psychogenic disease. The
most common of those is recrudescence which is defined as
a sudden worsening of clinical symptoms in patients with
neurological deficits after previous ischaemic stroke. The
most common underlying cause is infection or worsening of
a known cardiac disease [40]. The suspicion of stroke mim-
ics is mainly based on the clinical presentation and neuro-
logical symptoms. Neurological symptoms typically do not
correspond clearly to vascular territories and often fluctu-
ate in nature. In stroke mimics, the suddenness of the onset
is not always evident, fluctuations in symptom severity are
common, and systemic signs are also often present [40] (Ta-
ble 1).

It is not uncommon that patients presenting with stroke
mimics have a previous history of epilepsy, migraine, de-
pression or other psychiatric symptoms. The highest ac-
curacy for ischaemic stroke diagnosis is achieved by CTP,
whose pooled sensitivity is 82% (95% CI 75—88) and speci-
ficity 96% (95% CI 89-99). Sensitivity decreases in the di-
agnosis of posterior circulation stroke to 76% (70-81) and
specificity to 93% (87-97) [39]. Although DWI MRI has a
higher sensitivity in the diagnosis of ischaemic stroke, per-
forming a multimodal CT examination in the acute phase in
patients with suspected stroke mimics has multiple benefits.
First, multimodal CT examination is able to exclude stroke
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mimics, second, the results are valuable for the treatment
strategy and the patient’s prognosis [41,42].

Some stroke mimics have typical CTP imaging pat-
terns such as migraine and epileptic seizures. Up to 25% of
migraine patients may present focal neurologic deficit imi-
tating acute ischaemic stroke [43].

Migraine aura is usually associated with a perfusion
deficit not limited to a specific vascular territory, and only
a moderate increase of TTP [44].

In epileptic seizures neurologic deficit may last up to
48 hours after the convulsion [45].

Perfusion MRI studies can show a typical CBF in-
creased (hyperperfusion) at epileptogenic area Outside the
area, in the postictal phase, the perfusion parameters are
normal or reduced but there is the absence of a typical vas-
cular lesion distribution [46]. The CT perfusion study and
CT angiography demonstrated a dramatic reduction in the
cerebral blood flow and blood volume involving the entire
left hemisphere, but with relative symmetry of mean transit
time, ruling out a large vessel occlusion [47].

Acute treatment with systemic thrombolysis should be
continued even if stroke mimics are suspected based on a
negative multimodal CT scan. The systemic thrombolysis
in stroke mimics is safe, the rate of intracranial haemor-
rhage is very low (0-2%), similar to the symptomatic ICH
rate in patients treated with IVT for acute myocardial infarc-
tion [48]. In the SITS international stroke thrombolysis reg-
istry with 10,436 treated subjects, only 429 (4.1%) treated
patients were diagnosed with stroke mimics. The most
common mimics treated with thrombolysis were functional
disorder (30.8%), migraine (17.5%) and seizures (14.2%)
[39]. The correct diagnosis in cases where ischaemic stroke
is suspected is crucial and there is a need to also improve
the diagnostics of stroke mimics.

Education of paramedics and effective prehospital
care can improve the overall quality of the provided stroke
care. The possibility of teleconsultation increases the cor-
rect diagnosis of ischaemic stroke in the prehospital phase.
The availability of stroke physician with combination of
multimodal CT examination can further improve the rates
of correct diagnosis of stroke and distinguished stroke mim-
ics [40]. In case of negative multimodal CT examination on
admission, 24 hours follow up of MR is recommended for
stroke mimics exclusion [48,49]. Misdiagnosis of stroke
leads to an unnecessary use of stroke prevention medica-
tion, psychosocial problems and stigmatisation [40].

5. Limitations

Our work is a brief overview of the importance of CT
and CTP in stroke, this is not an extensive systematic review
or metanalysis. Our own analysis was not performed, only
the data from carried out analysis were comprised in our
work.

6. Conclusions and future directions

CTP-based patient selection for recanalization treat-
ment has led to extension of crude time windows for intra-
venous thrombolysis and mechanical thrombectomy. The
use of automated software bridges the shortcomings of stan-
dard commercial software programs and enables the intro-
duction of CTP into clinical practice. CTP appears to be a
useful tool in detecting stroke mimics during the initial CT
scan in acute patients with suspected AIS.

Other standardisation of perfusion criteria and imag-
ing processing will help to widespread CTP to clinical prac-
tise. More evidence is needed for CTP in indication of
reperfusion therapy in patient with large core infarct, treat-
ment beyond 24 hours and futile reperfusion up to standard-
ised time window.
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