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Abstract

the best method according to the settings.

Stroke is a serious health condition that is responsible for more than 5% of total deaths. Near 20% of patients experi-
encing stroke die every year, resulting in the stroke being at the top of the list of preventable causes of death. Once

an acute stroke is suspected, a golden hour of less than an hour is available to prevent the undesirable consequences.
Since neuroimaging is mandatory in the diagnosis of stroke, the proper use of neuroimaging could help saving time
and planning the right treatment for the patient. Some of the available imaging methods help us with rapid results,
while others benefit us from a more accurate diagnosis. Hereby, we aim to provide a clinical review of the advantages
and disadvantages of different available neuroimaging methods in approaching acute stroke to help clinicians choose
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Introduction

Cerebrovascular diseases are serious health conditions
that can affect the quality of life by leading to disabling
consequences, such as dysarthria, paralysis, and amnesia
[1, 2]. A stroke happens when the brain’s blood-supply-
ing vessels are ruptured or blocked, usually along with
thrombus formation, displaced embolism, stenosis in cer-
ebral arteries, and hemorrhage in the brain parenchyma
[3]. These events can lead to a significant decrease in
blood flow and oxygen to the brain, resulting in a stroke.
Stroke is responsible for more than 10% of deaths world-
wide [4], and one in five stroke patients die each year,
putting stroke at the top of the list of preventable causes
of death [5]. Risk factors attributable to stroke are mainly
the ones that are also common in other non-communica-
ble diseases, such as diabetes, blood pressure, being obe-
sity, smoking, and alcohol consumption; although, the
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prevalence of them may vary between different countries
[6,71].

In the management of acute stroke, a “golden time” of
less than an hour is available from the onset of the symp-
toms, where making prudent diagnostic and therapeutic
choices may result in fewer complications [8, 9]. Sense of
weakness or numbness, visual loss or blurred vision, sen-
sory disturbance, impaired consciousness, dizziness and
loss of balance, dysphagia, headache, and speech prob-
lems are the most common findings in favor of stroke
[10]. Like other life-threatening emergencies, an accurate
and rapid diagnosis is crucial. Delay in diagnosis could
result in irreversible damages, since the brain tissue is
lost for each minute delay. Several stroke assessment
scales [such as Face Arm Speech Time (FAST), Cincin-
nati Prehospital Stroke Scale (CPSS), Los Angeles Prehos-
pital Stroke Scale (LAPSS), and Melbourne Ambulance
Stroke Scale (MASS)], and severity grading scores [such
as Los Angeles Motor Scale (LAMS), Kurashiki Prehospi-
tal Stroke Scale (KPSS), and National Institutes of Health
Stroke Scale (NIHSS)] have been developed, trying to
facilitate the rapid diagnosis of stroke through different
criteria. Simpler scales such as CPSS and FAST have been
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shown to have enough sensitivity for clinical purposes,
while the more complex scales might have lower sensitiv-
ity and, therefore, miss more cases [11]. Although some
important clinical manifestations, such as face drooping,
arm weakness, and speech difficulty, may suggest stroke
in the initial assessment, the definitive diagnosis is pri-
marily determined based on imaging [12]. Therefore, an
intelligent choice of imaging technique could result in
an early, lifesaving diagnosis of acute stroke. This article
aims to review the role of different imaging methods in
the diagnosis of acute ischemic stroke and determine the
advantages and disadvantages of each.

Main text

Etiology and pathophysiology of ischemic stroke

The main pathology of ischemic stroke is loss or abrup-
tion of blood circulation in specific parts of the brain,
which could be due to the thrombotic or embolic occlu-
sion [13]. The thrombotic ischemic strokes are gener-
ally associated with atherosclerotic accidents and are
classified based on the size of the involved vessels [14].
Depending on the speed of the plaque rupture, it can be
presented with sudden devastating damages or subtle
pathologic changes that manifest slowly [15]. In the lat-
ter situation, collateral circulation would partly compen-
sate the circulation loss. The small-vessel ischemic stroke
could occur as a consequence of systemic and chronic
diseases, such as diabetes [16]. Rarely, vasculitis can pre-
dispose the vessel walls to narrowing and obstruction
[17]. On the other hand, the embolic ischemic stroke is
mainly caused by atrial fibrillation [18]. In addition, sev-
eral monogenic disorders (such as Ehlers—Danlos, Fab-
ry’s disease, and Marfan syndrome) are associated with
ischemic stroke [19, 20].

Regardless of the etiology, the abruption in blood cir-
culation, a cascade of ischemia-related events initiate
in both cellular level and macroscopic scale [13, 21]. In
the first place, the energy supply by mitochondria gets
interrupted—even in the absence of complete blood
occlusion—leading to loss of function of the membra-
nous proteins and an impaired gradient between intra-
cellular and extracellular space, which eventually results
in swelled neurons and glial cells (also referred to as
cytotoxic edema) [22, 23]. Besides, the release of excita-
tory neurotransmitters adds extra stress in terms of
energy supply by the cells, ectopic activation of destruc-
tive enzymes, such as lipases and proteases, destruction
of vital organelles in neurons, and production of oxygen
free radicals, eventually leading to necrotic death of the
neurons in the core of the ischemic region, and triggering
the cascade of apoptotic events in the peripheral neurons
[24-26].
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Importance of imaging in approach to stroke
For the following reasons, the suspicion of ischemic
stroke should be followed by early neuroimaging:

Exclude the presence of hemorrhage

Apart from stabilizing the patient, the initial manage-
ment of a patient with stroke depends on the type and
etiology of stroke [27]. While thrombolytic therapy
benefits ischemic strokes, it is contraindicated in hem-
orrhagic ones [28]. This process should be done fast, as
there is a golden time of 4.5 h available from the symp-
tom onset to safely use Tissue Plasminogen Activators
(tPA), such as Alteplase [29, 30].

Confirmation of the stroke

Although a stroke is generally accompanied by clini-
cal signs and symptoms, such as face drooping on one
side, arm weakness, and difficulty in speech, this diag-
nosis should be confirmed by detecting signs of infarc-
tion and early signs of ischemia (such as presence of
hyperdense area in a vessel—mainly in the middle
cerebral artery—which is a common sign of intravas-
cular thrombus or embolus) through imaging [31, 32].
In addition, although the collateral flow tends to com-
pensate the lack of blood flow in the affected area, early
signs such as hypoattenuation and loss of grey—white
matter differentiation would be evident [33].

Determining the status of brain-supplying arteries

The status of brain-supplying arteries should be
assessed in the work-up to specify the possible etiolo-
gies, indicate the damage severity, and determine the
recurrence risk in some cases [34].

Rule out the stroke mimics

Tumors are stroke-mimics that should be ruled out.
Migraines and seizures are other diseases that could
present with stroke-like symptoms and require imaging
for ruling out the stroke [27, 35-37].

Common imaging modalities in healthcare settings

Ranging from Magnetic Resonance Imaging (MRI) to
Computed Tomography Perfusion (CTP), there are
various imaging techniques available [38, 39]. Different
modalities of Computed Tomography (CT) include CT
Angiography of head and neck (CTA), CTP, and non-
contrast CT. As for MRI modalities, various measures
can be useful, such as Apparent Diffusion Coefficient
(ADC) Diffusion-Weighted Imaging (DWI), Gradi-
ent Recalled Echo (GRE), Fluid-Attenuated Inversion
Recovery (FLAIR), and MR Angiography of head and
neck (MRA) [40-42]. Although CT is still the preferred
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imaging modality in the early management of acute
stroke, MRI with DW measure is more sensitive than
noncontrast CT for the very early detection of acute
ischemia and is shown to be more efficient than the first
CT, second CT and MRI in the evaluation of patients
who are presented within the 24 h [43]. The main rea-
son for this accuracy is the capability of the DW imag-
ing to show the slight differences in diffusion of the
water molecules across the membranes during the
cytotoxic edema; therefore, more visually available con-
trast will be presented in contrast to CT imaging which
requires significant amount water molecule activity and
retention and more time to exhibit detectable contrasts
(44, 45].

However, not all medical centers have convenient
access to MR, and due to patient contraindications and
intolerance to MRI scans, the amount of time it takes,
and despite providing more accurate insight in tissue and
vascular pathology, CT is considered the first-line imag-
ing study at most centers [46]. Widespread availability,
rapid scanning features, and ease of detecting intracranial
hemorrhage make noncontract CT of the head an appeal-
ing choice in early acute stroke evaluation [47]. Although,
approaches including multimodal CT/MRI protocols
seem to be valuable tools in prevention, diagnosis and
tracking the pathologic course of stroke and therapeu-
tic response of interventions [48]. In addition, after the
initial treatment is given and the acute emergency phase
has passed, carotid ultrasound should be performed to
evaluate the vessels’ status in terms of artery occlusion,
decreased blood flow, and potential sources of embolism.
The characteristics of the brain infarct (including the size
and the location) are key findings to determine the sub-
type of stroke (Intracerebral hemorrhage, subarachnoid
hemorrhage, and brain ischemia) [49].

Early signs of ischemic stroke in CT are chiefly
described as hypoattenuation, loss of differentiation
between the grey and the white matter, parenchymal
swelling and edema, hyperattenuation of the MCA (mid-
dle cerebral artery), infarction in the territory of the
brain-supplying arteries, and cortical sulcal effacement
on the affected side [50-52]. The Alberta Stroke Program
Early CT Score (ASPECTS) is a quantitative scoring sys-
tem that evaluates early changes of MCA stroke, based
on the topographic involvement of the MCA-supplying
territories of the brain [53]. For each area involved, one
point is deducted from the total of ten points. Some clini-
cal variations of ASPECTS have also been introduced,
such as pc-ASPECTS which evaluates the stroke of the
posterior circulation [54]. On the other hand, speaking
of MR], an increase in DWI signals is evident from the
first hours of the ischemic stroke [55]. While the ADC
mapping shows reduced signals, T1- and T2-weighted
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sequences do not show significant changes in the early
hyperacute phase of the ischemic stroke (0-6 h after
stroke) [56]. T1-weighted MRI usually shows low sig-
nal intensity after 16 h, and T2-weighted MRI is usually
high-signal after 8 h [56]. Therefore, the presentations of
different MRI sequences could determine the age of the
infarct.

Angiography modalities

Non-invasive methods such as CT Angiography (CTA) or
Magnetic Resonance Angiography (MRA) are accessible
and typically used for screening [57, 58]. Although non-
invasive imaging modalities prevent a significant num-
ber of stroke cases, choosing the right strategy may differ
based on the time that has been passed from the transient
ischemic attack [59]. With intravenous administration of
contrast, CTA can illustrate a precise anatomical picture
of the vascular system with sufficient details [60]. On the
other hand, MRA is an appropriate modality to evaluate
the dynamic changes, since the technique used in this
imaging is based on changes in the vasculature flow [61].
Four-dimensional CTA and MRA are also less invasive
alternatives to determine the clot burden and grading the
collateral blood flow in large vessel occlusions [62]. CTA
could be considered as the most appropriate approach to
diagnose stenosis and occlusions [63]. However, as the
injection of contrast material can cause kidney failure, it
requires a thorough history, which is not always possible
and time permitting in an acute stroke situation [64, 65].

Role of ultrasonography in early identification of stroke

Ultrasound methods are also available as non-invasive
measures, though they are practically used only for the
evaluation of non-acute cerebrovascular accidents [66].
In addition, strokes of large arteries and patients with
transient ischemic attack (TIA) can possibly benefit from
Carotid Duplex Ultrasound (mostly extracranial vessels)
and Transcranial Doppler (mostly intracranial vessels),
where both of them are non-invasive [43, 67]. Transcra-
nial Doppler (TCD) relies on the physical phenomenon
known as the Doppler effect [68]. In this case, changes in
sound wave frequencies secondary to the motion of the
blood in the arteries are measured and evaluated usu-
ally by calculating the Doppler shift. In addition, The
peak systolic, diastolic, and mean flow velocities, along
with the Gosling pulsatility index are also usually cal-
culated, providing vital information about blood flow
and whether it is altered or absent, or there is a change
in pulsatility of the concerned vessel [69, 70]. Detecting
these changes helps the clinicians to find out about the
presence of occlusion and determine if the vessel has
been recanalized after the initiation of treatment or not.
The previous studies have demonstrated that prehospital
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diagnosis of middle cerebral artery occlusion with or
without microbubble contrast agents in stroke patients
has a significant amount of sensitivity and specificity, and
therefore, prehospital assessment with ultrasonography
may provide therapeutic benefits for stroke patients [71].
Especially utilizing imaging techniques that describe
the morphologic characteristics of lesions that lead
to embolic events is useful in the early stages of stroke
pathology, with ultrasound being the leading modality for
monitoring the plaque rupture and dynamic changes in
the vessels [72]. Doppler ultrasound may provide prog-
nostic value that may guide the therapeutic approach in
stroke patients and better risk scoring for stroke patients;
As an example, previous studies reported that asympto-
matic embolic signals, detected in patients with sympto-
matic carotid artery stenosis, may be useful in developing
better risk score system for prognostic purposes and effi-
cient antithrombotic therapy [73-75]. Table 1 provides a
summary of the benefits and limitations of MRI, CT, and
ultrasound.

Telemedicine and neuroimaging

Since the health burden of stroke has led to the devel-
opment of specialized centers and units for providing
stroke-related care, an increasing need for expanding
a constant and reliable communication between these
centers and the primary healthcare units is tangible.
Therefore, new concepts such as telehealth and telemedi-
cine have become bold, especially in emergencies, intro-
ducing even more specific terms, such as teleneurology
and telestroke [76—-78]. Telestroke aims to virtually exam-
ine the suspected stroke patient by evaluating the imag-
ing results and providing clinical recommendations [79].
Neuroimaging is the fundamental element of telediagno-
sis for stroke, and appropriate imaging would indicate the
best treatment approach for each patient.

Not all stroke patients need a transfer to a compre-
hensive stroke center (CSC). Several indications have
been defined for the patients in need of CSC trans-
fer, including qualification for tPA administration
(ischemic stroke who would remain in the golden time
after the transfer), endovascular thrombectomy, large-
vessel occlusion, and massive stroke [80, 81]. Apart
from making the final decision for which patients
should be transferred, the patients’ transfer time will
also decrease significantly by implementing the tel-
estroke strategies. From the several available modali-
ties, CT is an essential for the primary units and local
hospitals, since it benefits from availability in most
emergency departments and rapid results. Based on
the patient’s presentations, results of CT imaging, and
the facilities of the primary unit, the stroke specialists
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might request the local team to perform vascular imag-
ing, such as CTA, MRA, or Digital Subtraction Angiog-
raphy (DSA) [82].

Providing a standard and detailed protocol for the
application of telestroke could help the patients with a
rapid and more successful management, and the health-
care system by reducing the patient burden.

Conclusions

According to the clinical importance of stroke and the
advantages of early management, imaging plays a vital
role in the patients’ survival. MRI is more accurate in
ruling out the intracranial hemorrhage and MRI with
DWTI is more precise in the detection of acute ischemic
stroke. However, due to the availability and lower
acquisition time, CT is preferred in most healthcare
settings. Being cognizant of the early warning signs of
a stroke, alongside developing rapid, simple, and handy
imaging techniques could help us improve the out-
comes and overcome the burden of stroke.
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