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Abstract: Stroke remains one of the leading causes of death and long-term neurological disability worldwide. Differentiating ischemic stroke from
haemorrhagic stroke is the first and most urgent imaging priority because management pathways differ substantially. Ischemic stroke may require
intravenous thrombolysis, endovascular thrombectomy, antiplatelet therapy, or anticoagulation in selected cases, whereas haemorrhagic stroke
requires urgent blood pressure control, reversal of anticoagulation when indicated, neurosurgical assessment, and prevention of hematoma expansion.
Although computed tomography is widely used in emergency stroke pathways because of its rapid availability, magnetic resonance imaging provides
superior tissue characterization and can identify early ischemia, blood products, vascular occlusion, perfusion abnormality, haemorrhagic
transformation, and stroke mimics. Objective: This review summarizes the role of MRI in differentiating haemorrhagic and ischemic stroke, with
emphasis on MRI sequences, temporal lesion evolution, diagnostic pitfalls, advanced imaging techniques, structured reporting, and clinical decision-
making. Methods: Recent peer-reviewed literature, including original studies, meta-analyses, imaging-based stroke studies, and contemporary
guidelines published within the last five years, was reviewed. Key MRI sequences discussed include diffusion-weighted imaging, apparent diffusion
coefficient mapping, fluid-attenuated inversion recovery, gradient echo imaging, susceptibility-weighted imaging, perfusion MRI, arterial spin
labeling, magnetic resonance angiography, and vessel wall imaging. Results: Diffusion-weighted imaging with ADC mapping remains the most
sensitive MRI method for detecting acute ischemic injury, whereas GRE and SWI are central to identifying intracranial haemorrhage, microbleeds,
superficial siderosis, thrombus susceptibility, and haemorrhagic transformation. FLAIR supports lesion-age assessment and DWI-FLAIR mismatch
evaluation in unknown-onset stroke. Perfusion MRI and arterial spin labeling provide information about tissue-at-risk, delayed transit, collateral
physiology, and post-recanalization haemodynamic changes. MRA detects large-vessel occlusion, stenosis, dissection, and vascular malformation,
while vessel wall MRI improves etiological classification in selected patients. Conclusion: MRI is a highly valuable modality for differentiating
ischemic and haemorrhagic stroke when performed using a rapid, structured, and treatment-oriented protocol. The most useful acute MRI protocol
includes DWI/ADC, FLAIR, GRE or SWI, and MRA, with perfusion imaging, ASL, and vessel wall imaging added according to clinical need.
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Introduction management (3). This epidemiological difference explains why
emergency imaging protocols must be highly sensitive for ischemia while
also reliably excluding haemorrhage before reperfusion therapies are

considered.

Stroke is a heterogeneous neurological emergency caused by either
interruption of cerebral blood flow or bleeding within the intracranial

compartment. The two major pathological categories are ischemic stroke
and haemorrhagic stroke. Ischemic stroke results from arterial occlusion
or critically reduced perfusion, leading to cytotoxic edema, infarction, and
later tissue necrosis. Haemorrhagic stroke results from rupture of cerebral
vessels with bleeding into the brain parenchyma, ventricular system,
subarachnoid space, or other intracranial compartments. These entities
may present with overlapping clinical features, including acute weakness,
speech disturbance, facial deviation, visual field loss, altered
consciousness, headache, vertigo, seizures, or ataxia. Clinical assessment
alone is therefore insufficient to distinguish ischemic from haemorrhagic
stroke with adequate reliability.

The global burden of stroke remains substantial. Recent Global Burden of
Disease analyses continue to identify stroke as a major cause of mortality
and disability worldwide, with ischemic stroke representing the majority
of incident and prevalent stroke cases (1,2). Intracerebral haemorrhage is
less frequent than ischemic stroke but is associated with higher early case
fatality, more severe disability, and greater need for intensive

Neuroimaging is central to modern stroke care. The first imaging question
is whether intracranial haemorrhage is present. The second is whether
there is acute ischemic injury, large-vessel occlusion, tissue-at-risk, or a
stroke mimic. The third is whether imaging suggests a specific etiology,
such as cardioembolism, intracranial atherosclerosis, small-vessel
disease, arterial dissection, vasculitis, cerebral amyloid angiopathy,
venous thrombosis, vascular malformation, or tumour-related
haemorrhage. MRI is particularly valuable because it can answer several
of these questions within a single examination by combining tissue,
vascular, haemodynamic, and blood-product information (4,5).

Computed tomography remains widely used as the first-line emergency
imaging modality because it is fast, widely available, and excellent for
detecting acute intracranial haemorrhage. However, MRI provides
superior tissue characterization and is more sensitive for early ischemia,
small infarcts, posterior fossa infarction, microbleeds, superficial
siderosis, haemorrhagic transformation, and stroke mimics. MRI is
especially useful in wake-up stroke, unknown-onset stroke, posterior
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circulation stroke, young patients with suspected dissection or vasculitis,
suspected venous thrombosis, and cases where CT findings are equivocal.
Pathophysiological Basis of MRI Findings

The MRI appearance of ischemic stroke is primarily determined by the
evolution of cytotoxic edema, vasogenic edema, tissue necrosis, and
blood-brain barrier disruption. In acute ischemia, arterial occlusion causes
failure of oxidative metabolism and depletion of adenosine triphosphate.
Sodium-potassium pump failure leads to intracellular water accumulation
and restricted diffusion. This process is detected on diffusion-weighted
imaging as high signal intensity with corresponding low signal intensity
on the apparent diffusion coefficient map (6). This DWI-high/ADC-low
pattern is the most important MRI signature of acute ischemic infarction.
Over time, ischemic tissue evolves. FLAIR and T2 signal become more
conspicuous as edema develops. ADC values gradually rise and may
pseudonormalize during the subacute period. Contrast enhancement may
occur because of blood-brain barrier disruption, and chronic infarction
eventually appears as gliosis, encephalomalacia, volume loss, and ex-
vacuo ventricular dilatation.

Haemorrhagic stroke follows a different biochemical trajectory. The MRI
appearance depends on the stage of hemoglobin degradation. Hyperacute
haemorrhage contains oxyhemoglobin, acute haemorrhage contains
deoxyhemoglobin, early subacute haemorrhage contains intracellular
methemoglobin, late subacute haemorrhage contains extracellular
methemoglobin, and chronic haemorrhage leaves hemosiderin and
ferritin. These blood products create characteristic signal changes on T1,
T2, GRE, and SWI sequences. Susceptibility-sensitive sequences are
therefore essential for identifying blood products and chronic
haemorrhagic markers (7,8).

This temporal evolution is clinically important because haemorrhage is
not always uniformly dark on SWI. Hyperacute and late-subacute
haemorrhage may show mixed or high central signal, while acute and
chronic blood products usually show prominent susceptibility-related low
signal. Therefore, accurate differentiation between ischemic and
haemorrhagic lesions requires interpretation of multiple MRI sequences
rather than reliance on one sequence alone. (Figure 1).

MRI Evaluation of Stroke:
Differentiating Ischemic and Haemorrhagic Pathologies
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MRI combines tissue, blood-product, and vascular information
to guide acute stroke diagnosis.

Figure 1: Schematic illustration of ischemic versus haemorrhagic stroke pathophysiology

Core MRI Sequences in Stroke Evaluation

MRI evaluation of stroke depends on a multiparametric protocol. Each
sequence contributes different diagnostic information. DWI and ADC
identify acute ischemia, FLAIR helps estimate lesion age and edema,

GRE and SWI detect blood products, MRA identifies vascular occlusion
or stenosis, perfusion imaging estimates tissue-at-risk, ASL provides non-
contrast perfusion assessment, and vessel wall MRI improves etiological
classification in selected patients.

Table 1: MRI sequences used for differentiating ischemic and haemorrhagic stroke

MRI Role in ischemic stroke
sequence
DWI Detects acute cytotoxic edema within
minutes lesions
ADC map Confirms true diffusion restriction

through

Role in haemorrhagic stroke
May show perihematomal or remote ischemic

Helps distinguish restriction from T2 shine-

Key diagnostic value

Most sensitive marker of acute
infarction
Essential companion to DWI
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FLAIR Shows edema, lesion age, and DWI-FLAIR = Shows perihematomal edema and Useful for timing and lesion
mismatch subarachnoid/intraventricular signal conspicuity

GRE T2* Detects haemorrhagic transformation and = Detects acute and chronic blood products Rapid  susceptibility-sensitive
thrombus susceptibility sequence

SWI Shows susceptibility vessel sign, venous = Highly sensitive for blood products, microbleeds, Best sequence for subtle
congestion, and microbleeds and siderosis haemorrhagic markers

TOF-MRA Detects large-vessel occlusion and stenosis = May detect vascular malformation or aneurysmal = Non-contrast arterial assessment

cause

Perfusion Identifies tissue-at-risk and perfusion May show perihematomal perfusion changes Supports treatment selection

MRI mismatch

ASL Non-contrast perfusion and collateral-flow = May show hyperperfusion or delayed transit Useful when gadolinium is
assessment avoided

Vessel wall Detects plaque, dissection, and vasculitis Evaluates underlying vasculopathy Adds etiological information

MRI

A practical acute stroke MRI protocol should be short and treatment-
oriented. Delayed acquisition may reduce the benefit of MRI in
hyperacute stroke. Minimal imaging requirements for acute stroke
emphasize rapid acquisition and direct relevance to treatment decisions
(9). Newer abbreviated MRI protocols have shown promising diagnostic
performance, including one-minute and 2.5-minute multi-contrast
protocols for acute ischemic stroke (10,11). Deep-learning-based MRI
reconstruction has also been investigated to shorten acquisition time while
preserving diagnostic utility (12).

Diffusion-Weighted Imaging and ADC Mapping

DWTI is the most important MRI sequence for detecting acute ischemic
stroke. It is highly sensitive to restricted water motion caused by cytotoxic
edema. In acute infarction, the lesion appears hyperintense on DWI and
hypointense on ADC. The ADC map is essential because DWI
hyperintensity alone may reflect T2 shine-through rather than true
diffusion restriction.

DWI can detect ischemic injury within minutes and is particularly
valuable in small cortical infarcts, lacunar infarcts, embolic infarcts, and
posterior circulation strokes. It is more sensitive than CT for early
ischemic injury, especially in the posterior fossa where CT artifacts may
obscure brainstem and cerebellar infarcts. However, a normal DWI does
not completely exclude ischemic stroke. A recent systematic review and
meta-analysis reported that DWI-negative ischemic stroke may occur,
particularly in minor stroke and posterior circulation events (13). This
limitation is important because overreliance on a negative DWI may delay
diagnosis in clinically suspicious cases.

ADC values also help determine lesion timing. ADC is typically reduced
in acute infarction, rises during the subacute stage, and becomes elevated
in chronic infarction because of tissue loss and gliosis. ADC
pseudonormalization during the subacute period can complicate
interpretation, particularly when the clinical history is unclear. Therefore,
ADC must be interpreted along with DWI, FLAIR, vascular imaging, and
clinical onset time.

FLAIR Imaging and DWI-FLAIR Mismatch

FLAIR imaging suppresses cerebrospinal fluid signal and improves
visualization of cortical, periventricular, and subarachnoid abnormalities.
In acute ischemic stroke, FLAIR may remain normal during the earliest
hours, whereas DWI is already positive. This mismatch, known as DWI-
FLAIR mismatch, can help estimate lesion age in patients with unknown
onset or wake-up stroke.

The European Stroke Organisation guideline supports use of MRI-based
DWI-FLAIR mismatch in selected patients with wake-up or unknown-
onset ischemic stroke when considering intravenous thrombolysis and
when mechanical thrombectomy is not planned (14). Studies evaluating
FLAIR vascular hyperintensity-DWI mismatch and DWI-FLAIR
mismatch have also suggested that these markers may provide prognostic
information in anterior circulation large-vessel occlusion (15). Deep
learning models have also been investigated for stroke onset time
prediction using DWI-FLAIR mismatch concepts (16).

In haemorrhagic stroke, FLAIR helps demonstrate surrounding edema,
intraventricular extension, subarachnoid signal abnormality, and chronic

tissue injury. Although FLAIR is less specific than SWI or GRE for blood
products, it provides important anatomical information about lesion
extent, mass effect, edema, and associated parenchymal changes.

GRE and Susceptibility-Weighted Imaging

GRE T2* and SWI are central to the MRI evaluation of haemorrhage.
These sequences detect magnetic susceptibility effects caused by
deoxyhemoglobin, methemoglobin, ferritin, hemosiderin, and other
paramagnetic substances. SWI is generally more sensitive than GRE for
microbleeds, superficial siderosis, small haemorrhagic foci, venous
abnormalities, and susceptibility vessel signs.

In ischemic stroke, SWI can identify the susceptibility vessel sign, which
represents thrombus within an occluded artery. Prominent venous signs
may reflect increased oxygen extraction in hypoperfused tissue and have
been associated with poor functional outcome in acute ischemic stroke
(17). Susceptibility vessel sign characteristics may also provide
information about thrombus burden and possible stroke mechanism (18).
In haemorrhagic stroke, GRE and SWI demonstrate acute and chronic
blood products through blooming artifacts and low-signal foci.
Microbleed distribution may suggest underlying small-vessel pathology.
Deep microbleeds are commonly associated with hypertensive
arteriopathy, whereas lobar microbleeds and cortical superficial siderosis
raise suspicion for cerebral amyloid angiopathy. Importantly, not all
haemorrhage appears black on SWI, and the signal depends on
hemoglobin stage and lesion timing (8).

Magnetic Resonance Angiography

MRA provides non-invasive evaluation of arterial patency. Time-of-flight
MRA is widely used in acute stroke MRI because it can identify
intracranial large-vessel occlusion, high-grade stenosis, and flow
limitation without contrast. Contrast-enhanced MRA can provide
additional information about extracranial carotid and vertebral arteries,
tandem lesions, and aortic arch anatomy.

In ischemic stroke, MRA helps identify large-vessel occlusion and
supports endovascular thrombectomy decisions. It may also identify
intracranial atherosclerosis, embolic occlusion, dissection, and collateral-
flow patterns. In haemorrhagic stroke, MRA may reveal secondary
vascular causes such as aneurysm, arteriovenous malformation, dural
arteriovenous fistula, or vascular malformation. However, CT
angiography or digital subtraction angiography may still be required when
vascular malformation is strongly suspected or when MRI findings are
inconclusive.

Slow flow can mimic occlusion on TOF-MRA, and small distal vessel
occlusions may be missed. Therefore, MRA findings should be
interpreted with DWI lesion pattern, perfusion imaging, clinical deficit,
and, when required, CT angiography or catheter angiography.

Perfusion MRI and Arterial Spin Labeling

Perfusion imaging estimates haemodynamic status and helps distinguish
infarct core from tissue-at-risk. Contrast-based perfusion MRI evaluates
cerebral blood flow, cerebral blood volume, mean transit time, time-to-
maximum, and related parameters. In acute ischemic stroke, perfusion-
diffusion mismatch may suggest salvageable tissue that has not yet
undergone irreversible infarction.
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Arterial spin labeling is a non-contrast perfusion technique that uses
magnetically labeled arterial blood water as an endogenous tracer. It may
be useful in patients with renal impairment, contrast allergy, or need for
repeated follow-up imaging. ASL can demonstrate hypoperfusion,
delayed arterial transit, collateral flow, and hyperperfusion after
recanalization (22,23).

In haemorrhagic stroke, perfusion methods are not usually required for
first-line diagnosis but may provide information about perihematomal
physiology or post-treatment haemodynamic changes. ASL has also been
studied for evaluating haemorrhagic transformation after endovascular
recanalization in subacute ischemic stroke (21). These advanced
techniques should be used selectively and should not delay urgent
treatment decisions.

Vessel Wall MRI

High-resolution vessel wall MRI provides information beyond the arterial
lumen by directly evaluating the vessel wall. It can identify intracranial
atherosclerotic plaque, plaque enhancement, intraplaque haemorrhage,
dissection, intramural hematoma, vasculitis, and reversible cerebral
vasoconstriction syndrome.

In young adults with ischemic stroke or transient ischemic attack, high-
resolution vessel wall imaging can improve etiological classification and

Table 2: Temporal MRI evolution of ischemic stroke

reduce the proportion of cases labelled as undetermined (24). Vessel wall
MRI is also increasingly used to evaluate intracranial arterial diseases and
characterize plaque vulnerability (25). In symptomatic intracranial
atherosclerotic ~ steno-occlusive  disease, vessel wall imaging
characteristics may be associated with recurrent stroke risk (26). In
suspected internal carotid artery dissection, high-resolution vessel wall
MRI can directly demonstrate wall abnormalities and intramural
hematoma (27).

Vessel wall MRI is usually not part of the first emergency sequence set
unless dissection, vasculitis, or unusual vasculopathy is strongly
suspected. It is often most useful after initial stabilization for etiological
classification and secondary prevention planning.

Temporal MRI Evolution of Ischemic Stroke

The MRI appearance of ischemic stroke changes over time. In the
hyperacute stage, DWI becomes positive early, while FLAIR may still be
normal. ADC is low because of cytotoxic edema. During the acute stage,
FLAIR and T2 signal become increasingly visible as edema develops. In
the subacute stage, ADC values rise and may pseudonormalize, while
DWI may remain bright due to T2 shine-through. In the chronic stage,
infarction evolves into gliosis, encephalomalacia, volume loss, and
increased ADC.

Stage Approximate DWI/ADC pattern FLAIR/T2 pattern Interpretation
timing
Hyperacute Minutes to 6 hours DWI high, ADC low May be normal Early ischemia
Acute 6 hours to 7 days DWTI high, ADC low FLAIR/T2 positive Established acute
infarct
Early subacute = 7 to 14 days DWI may remain high; ADC rises Edema and FLAIR signal persist Evolving infarct
Late subacute = 2 to 3 weeks ADC pseudonormalization possible Enhancement may appear Timing may be

Chronic More than 3 weeks
Temporal MRI Evolution of Haemorrhagic Stroke

The MRI signal of haemorrhage depends on the biochemical stage of
hemoglobin. Hyperacute blood may be difficult to interpret on

DWTI usually normal or shine-through =~ Gliosis, encephalomalacia, volume loss

difficult
Old infarct

intracellular methemoglobin becomes T1 hyperintense but may remain
T2 hypointense. Late subacute blood with extracellular methemoglobin is
usually hyperintense on both T1 and T2. Chronic haemorrhage leaves

susceptibility imaging because oxyhemoglobin is relatively diamagnetic.  hemosiderin  and  ferritin, producing persistent susceptibility
Acute blood containing deoxyhemoglobin usually shows prominent low  hypointensity.
signal and blooming on GRE/SWI. Early subacute blood with
Table 3: Temporal MRI evolution of intracerebral haemorrhage
Stage Hemoglobin state T1 signal T2 signal GRE/SWI appearance Diagnostic implication
Hyperacute Oxyhemoglobin Iso/hypointense ~ Hyperintense May be subtle or mixed = Very early blood may not be
uniformly dark
Acute Deoxyhemoglobin Iso/hypointense  Hypointense Marked blooming Acute haemorrhage
Early Intracellular Hyperintense Hypointense Blooming persists Subacute blood
subacute methemoglobin
Late subacute =~ Extracellular Hyperintense Hyperintense Mixed; rim may remain = Resolving hematoma
methemoglobin dark
Chronic Hemosiderin/ferritin Variable Hypointense Persistent dark rim/foci ~ Old haemorrhage or microbleeds
rim

Differentiating Ischemic and Haemorrhagic Stroke on MRI

The most reliable distinction between ischemic and haemorrhagic stroke
is based on integrated pattern recognition. Ischemic stroke usually shows
vascular-territory diffusion restriction, reduced ADC, possible vessel

occlusion, and sometimes perfusion mismatch. Haemorrhagic stroke
usually shows hematoma-centered signal abnormality, susceptibility
blooming, mass effect, surrounding edema, and stage-dependent blood-
product signal.

Table 4: MRI features differentiating ischemic and haemorrhagic stroke

Feature Ischemic stroke

Dominant pattern Vascular territory infarction

DWI/ADC DWTI high with ADC low in acute phase

FLAIR May be negative early and positive later

GRE/SWI Thrombus sign, prominent veins, petechial haemorrhagic

transformation

Haemorrhagic stroke

Hematoma-centered lesion

Variable; may show adjacent or remote ischemia
Shows edema, mass effect, ventricular/subarachnoid
extension

Blood products, blooming, microbleeds, siderosis
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MRA Occlusion, stenosis, embolus, dissection
Perfusion Hypoperfusion, mismatch, penumbra
Evolution Cytotoxic edema to gliosis

Treatment implication = Reperfusion and antithrombotic decisions

Haemorrhagic transformation is an important mixed pattern. It occurs
when ischemic tissue bleeds, often after reperfusion, thrombolysis,
anticoagulation, large infarct volume, cardioembolism, or severe blood-
brain barrier disruption. MRI shows both diffusion restriction and
susceptibility abnormality. Petechial haemorrhage may be subtle on CT
but visible on SWI. Larger parenchymal hematoma shows susceptibility
blooming, edema, and mass effect.

Diffusion-positive lesions may also occur after primary intracerebral
haemorrhage. A study evaluating diffusion-weighted lesions after
intracerebral haemorrhage reported that such lesions can be seen in a
subset of patients and may occur both ipsilateral and contralateral to the
hematoma (19). This finding highlights the need for careful interpretation
rather than assuming that all DWI lesions represent the primary stroke
mechanism.

MRI in Haemorrhagic Transformation

Haemorrhagic transformation is a clinically important complication of
ischemic stroke. It may range from small petechial haemorrhage to large
parenchymal hematoma with mass effect. MRI is highly sensitive for
detecting this complication because SWI and GRE can identify small
blood products that may not be visible on CT.

After thrombectomy, MRI may detect intracranial haemorrhage not seen
on CT, although the clinical significance of MRI-only haemorrhage
requires careful interpretation (20). ASL has also been investigated for
evaluating  haemorrhagic  transformation  after  endovascular
recanalization in subacute ischemic stroke (21). In practice, haemorrhagic
transformation should be described according to location, extent, mass
effect, and relationship to the infarcted territory.

Table 5: Suggested emergency MRI protocol for suspected stroke
Protocol component Recommended sequence

Tissue injury DWI and ADC

Lesion timing FLAIR

Blood products GRE or SWI

Arterial status TOF-MRA head
Cervical vessels Neck MRA

Tissue at risk Perfusion MRI or ASL
Etiology Vessel wall MRI
Follow-up DWI/ADC, FLAIR, SWI

May show aneurysm, AVM, or vascular malformation
Variable perihematomal perfusion

Hemoglobin degradation to hemosiderin

Avoid thrombolysis; reverse anticoagulation; control
bleeding risk

MRI in Stroke Mimics

Stroke mimics are non-vascular disorders that present with acute
neurological deficits. These include seizure-related changes, migraine
aura, demyelination, encephalitis, abscess, tumour, hypoglycemia,
posterior reversible encephalopathy syndrome, cerebral venous
thrombosis, and functional neurological disorders. MRI is valuable
because many mimics have characteristic patterns that differ from
arterial-territory infarction.

Seizure-related changes may show cortical DWI hyperintensity and
FLAIR abnormality but often do not respect a vascular territory and may
show hyperperfusion. Tumours may demonstrate mass-like enhancement
and vasogenic edema. Demyelinating lesions may be ovoid,
periventricular, juxtacortical, or infratentorial. Cerebral venous
thrombosis may produce haemorrhagic venous infarction crossing arterial
boundaries and requires MR venography or CT venography.
Recognition of stroke mimics is important because inappropriate
thrombolysis or delayed treatment of the true underlying condition can
worsen outcomes.

MRI Protocol for Acute Stroke

A practical emergency MRI protocol should be brief, reproducible, and
directly linked to treatment decisions. The core protocol should include
DWI/ADC, FLAIR, GRE or SWI, and MRA. Perfusion MRI or ASL may
be added when tissue-at-risk assessment is required. Vessel wall MRI
should be reserved for selected cases where etiological clarification is
necessary.

Purpose

Detect acute ischemia

Estimate lesion age and edema

Detect haemorrhage, microbleeds, thrombus
Detect large-vessel occlusion

Detect carotid/vertebral stenosis or dissection
Identify mismatch or haemodynamic compromise
Assess plaque, dissection, vasculitis

Assess evolution and complications

MRI-Based Approach to Suspected Stroke
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Figure 3: Suggested MRI-based stroke differentiation pathway
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Diagnostic Pitfalls

Several pitfalls may lead to incorrect interpretation. First, DWI-negative
ischemic stroke can occur, especially in minor stroke and posterior
circulation infarction (13). Therefore, persistent clinical suspicion should
prompt repeat imaging or additional vascular evaluation.

Second, T2 shine-through can mimic restricted diffusion. ADC maps
must always be reviewed. True acute ischemia requires DWI
hyperintensity with corresponding ADC hypointensity.

Third, haemorrhage is not always uniformly dark on SWI. Hyperacute
and late-subacute haemorrhage may show variable signal, and
interpretation requires knowledge of hemoglobin evolution (8).

Fourth, calcification, air, iron deposition, and vascular structures may
mimic blood products on susceptibility imaging. CT correlation or phase
images may be helpful in uncertain cases.

Fifth, slow flow on TOF-MRA may mimic occlusion. Contrast-enhanced
MRA, CTA, or catheter angiography may be needed when findings are
unclear.

Sixth, haemorrhagic transformation may be mistaken for primary
haemorrhage unless the arterial-territory infarct pattern is recognized.
Clinical Impact of MRI-Based Differentiation

MRI affects acute treatment, prognosis, and secondary prevention. In
ischemic stroke, MRI confirms infarct core, identifies large-vessel
occlusion, estimates tissue-at-risk, and supports treatment decisions

Table 6: Suggested structured MRI report for suspected stroke
Report section
Clinical information
Technique
Acute ischemia
Haemorrhage
Mass effect
Vascular findings
Perfusion findings
Etiological clues
Impression

The impression should be concise and treatment-oriented. For example, it
should state whether there is acute ischemia, whether haemorrhage is
present, whether large-vessel occlusion exists, whether haemorrhagic
transformation is present, and whether imaging supports immediate
reperfusion or haemorrhage-specific management.

Future Directions

MRI stroke imaging is moving toward faster acquisition, automated
interpretation, quantitative perfusion, artificial intelligence, and
integrated tissue-based triage. Abbreviated protocols may reduce scan
time while preserving diagnostic value (10-12). These methods may make
MRI-first stroke triage more feasible in selected centers.

Artificial intelligence has shown promising performance for MRI-based
stroke detection, but further validation is needed across scanner types,
populations, stroke subtypes, haemorrhagic lesions, and workflow
settings (28). Future Al systems may integrate DWI, ADC, FLAIR, SWI,
MRA, perfusion, and clinical variables to generate treatment-oriented
decision support.

Advanced vessel wall imaging and ASL may also improve etiological
diagnosis and recurrence-risk stratification. These techniques may be
particularly useful in young stroke, cryptogenic stroke, intracranial
atherosclerosis, dissection, vasculitis, and recurrent stroke despite
standard therapy.

Conclusion

MRI provides a comprehensive and highly sensitive approach to
differentiating ischemic and haemorrhagic stroke. Acute ischemic stroke
is best identified by DWI hyperintensity with corresponding ADC
reduction, vascular-territory distribution, and supportive MRA or

Required details

Onset time, last known well, neurological deficit, treatment question

MRI sequences performed, contrast use, MRA/perfusion/vessel wall imaging
Presence, location, vascular territory, DWI/ADC pattern, lesion burden
Primary haemorrhage, haemorrhagic transformation, microbleeds, siderosis
Edema, midline shift, herniation, ventricular compression

Occlusion, stenosis, dissection, aneurysm, AVM, collateral information
Core-penumbra mismatch, hypoperfusion, hyperperfusion

Small-vessel disease, amyloid pattern, plaque, vessel wall enhancement
Final diagnosis, stage, treatment relevance, urgent findings

regarding thrombolysis and thrombectomy. In unknown-onset stroke,
DWI-FLAIR mismatch may help identify selected patients eligible for
reperfusion therapy (14).

In haemorrhagic stroke, MRI helps identify underlying causes and
chronic bleeding markers. Microbleeds and superficial siderosis may
influence antithrombotic decisions. Detection of vascular malformation,
tumour, venous thrombosis, dissection, or vasculitis may substantially
change management.

Advanced MRI is increasingly relevant. ASL provides non-contrast
perfusion information (22,23). Vessel wall MRI can identify plaque,
dissection, vasculitis, and intracranial arterial disease (24-27). Artificial
intelligence has also been investigated for MRI-based stroke detection,
although external validation and workflow integration remain important
limitations (28). Imaging-selection strategies for endovascular treatment
continue to evolve, and MRI may be feasible in selected early and
extended time-window pathways when it does not delay treatment
(29,30).

Structured MRI Reporting

A structured MRI report improves communication between radiologists,
neurologists, emergency physicians, and neurosurgeons. The report
should directly answer the acute clinical question and highlight treatment-
relevant findings.

perfusion findings. Haemorrhagic stroke is best identified by GRE/SWI
susceptibility patterns, hematoma-centered morphology, mass effect,
edema, microbleeds, and stage-dependent hemoglobin signal evolution.
The distinction is most reliable when MRI is interpreted as a
multiparametric examination rather than through any single sequence. A
rapid emergency MRI protocol consisting of DWI/ADC, FLAIR, GRE or
SWI, and MRA can differentiate most ischemic and haemorrhagic
lesions, while perfusion imaging, ASL, and vessel wall MRI provide
additional treatment and etiological information. MRI should be applied
in a structured and time-conscious manner so that diagnostic detail
supports rather than delays acute stroke management.
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