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AbstrAct

Acute ischaemic stroke is the second largest cause of death worldwide and a cause of major physical and psychological 

morbidity. Current evidence based treatment includes intravenous thrombolysis (IVT) and mechanical thrombectomy 

(MT), both requiring careful patient selection and to be administered as quickly as possible within a limited time window 

from symptom onset. Imaging plays a crucial role identifying patients who may benefit from MT or IVT whilst excluding 

those that may be harmed. For IVT, imaging must as a minimum exclude haemorrhage, stroke mimics and provide an 

estimate of non-viable brain. For MT, imaging must in addition detect and characterize intra-arterial thrombus and 

assess the intra and extracranial arterial architecture. More advanced imaging techniques may be used to assess more 

accurately the volume of non-viable and potentially salvageable brain tissue. It is highly likely that further research 

will identify patients who would benefit from treatment beyond currently accepted time windows for IVT (4.5 h) and 

MT (6 h) and patients with an unknown time of symptom onset. Current evidence indicates that best outcomes are 

achieved when treatment is instituted as soon as possible after symptom onset. A rapid, efficient imaging pathway 

including interpretation is fundamental to achieving the best outcomes. This review summarizes current techniques for 

imaging assessment of acute stroke, highlighting strengths and limitations of each. The optimum pathway is a balance 

between diagnostic information, local resources, specialization and the time taken to acquire, process and interpret the 

data. As new evidence emerges, it is likely that the minimum required imaging data will change.
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introduction
Ischaemic stroke is an acute injury to the brain paren-
chyma that results in physical and psychological morbidity 
affecting both the patient and their family. It is the fourth 
largest cause of death in the UK and is the second largest 
cause of death globally.1,2 Stroke causes 20% mortality 
within the first year with 50% of survivors suffering signif-
icant morbidity. The incidence in the UK ranges from 115 
to 150 per 100,000 population and is estimated to cost 
the National  Health Service approximately £9 billion per 
annum.1

Approximately 85% of strokes result from occlusion of 
the artery supplying the cerebral parenchyma, with the 
remainder haemorrhagic.3 The larger and more proximal 
the occlusive thrombus, the more likely it will result in 
significant functional and psychological deficit.4

The rationale behind intervention in hyperacute stroke is 
based on a three-compartment model of brain parenchyma 
following vascular occlusion. The infarct core represents 
non-viable brain that cannot be salvaged even with very 

prompt treatment. The surrounding ischaemic penumbra 
represents brain with reduced blood flow that has poten-
tial for survival if blood flow is restored sufficiently quickly. 
This zone is the target for treatment by intravenous throm-
bolysis (IVT) and mechanical thrombectomy (MT). The 
outer zone represents brain that is likely to survive without 
such treatment (Figure 1).

A recent meta-analysis of nine trials5–13 investigating IVT 
has demonstrated that improved patient outcomes are 
achieved if treatment is delivered within 4.5 h of stroke 
onset, despite risk of fatal intracranial haemorrhage. The 
efficacy of such treatment can be limited, with functional 
independence gained in 19.1% patients (modified Rankin 
Score 0–2) compared with 32.6% in MT.14

Since 2015, there have been five major randomized control 
trials14–18 that provide Level 1 evidence that MT is supe-
rior to IVT for treatment of anterior circulation large vessel 
occlusion stroke when performed within 6 h of symptom 
onset. The HERMES (Highly Effective Reperfusion evalu-
ated in Multiple Endovascular Stroke Trials) collaboration 
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Figure 1. The three-compartment model of cerebral ischae-

mia. 1 = oligaemia, parenchyma that is likely to survive, 2 = 

ischaemic penumbra, parenchyma that is at risk of infarction 

without intervention, 3 = ischaemic core, parenchyma that is 

non-viable.

Figure 2. Hyperacute stroke trials listing treatment and 

imaging protocols used.  CTA, CT  angiography;  DWI,  diffu-

sion-weighted imaging; PWI, perfusion-weighted imaging.

meta-analysis of the data from the five trials determined that the 
number needed to treat to achieve a one-point improvement in 
the modified Rankin Score at 90 days is 2.6 [adjusted cOR (crude 
odds ratio) 2.49, 95% CI (1.76–3.53); p < 0.0001].19 This is irre-
spective of patient demographic and geographical location. At 
2 years post-treatment, the patients of the MR CLEAN (Multi-
center Randomised Clinical Trial of Endovascular Treatment for 
Acute Ischaemic Stroke in the Netherlands)  trial who received 
MT continue to benefit.20 Current guidelines recommend that in 
eligible patients MT, in addition to IVT if within 4.5 h, may be 
performed for large arterial occlusion in the anterior circulation 
up to 6 h after symptom onset.21

“Time is brain” is an apt phrase when dealing with an acute 
stroke. In 1 min, 1.9 million neurons die with the brain ageing 
approximately 3.6 years each hour without treatment.22 This 
emphasizes the importance of a rapid and efficient workflow 
to ensure patients receive timely treatment. Analysis of SWIFT 
PRIME and STAR trial data showed that treatment provided in 
2.5 h of symptom onset resulted in independent function in 91% 
of patients,23 with a 1 h delay in treatment decreasing a posi-
tive clinical outcome by 38%.24 Every 60 min delay 3.5 h after 
symptom onset results in a 20% lower chance of regaining func-
tion independence.23

Rapid imaging plays an essential part in assessing and selecting 
patients and determining their treatment course. Hyperacute 
stroke trials have utilized a variety of imaging methods (Figure 2).

For IVT, imaging must as a minimum exclude haemorrhage and 
stroke mimics and provide an estimate of the volume of non-vi-
able brain tissue in order to identify patients who will not benefit 

or risk being harmed. For MT, vascular imaging is also essential 
to identify the presence, location and morphology of occlusive 
thrombus, to identify tandem lesions and to assess the collateral 
circulation.

CT perfusion (CTP) and MRI techniques can provide additional 
information that, although not essential, may improve patient 
selection in some circumstances.

CT
Unenhanced CT
Unenhanced CT is a widely available technique producing 
images rapidly in the acute stroke setting. It has a proven track 
record for assessing acute ischaemic stroke and ruling out haem-
orrhage and has been used in almost all major trials.

Acute infarction results in a relative reduction in the attenu-
ation of grey matter owing  due to cytotoxic oedema and an 
overall increase in water content. Associated swelling of the 
infarcted parenchyma produces focal sulcal effacement. Brain 
swelling without cytotoxic oedema may represent early isch-
aemic change (ischaemic penumbra or oligaemic tissue) rather 
than severe ischaemia.25 Characteristic signs are loss of defini-
tion of the basal ganglia from the adjacent capsules and loss of 
distinction of cortex from underlying white matter typified by 
the insular ribbon sign26 (Figure 3). Unenhanced CT has been 
shown to have a sensitivity of approximately 52% in assessment 
of abnormal parenchymal changes indicative of ischaemia.27 
One of the greatest benefits from unenhanced CT is the ability 
to rule out acute haemorrhage, an absolute contraindication to 
IVT. The high sensitivity has been demonstrated in early major 
trials.6,7,27–29

Unenhanced CT is best viewed as series comprising thick and 
thin slices, typically 5 and 0.5 mm. If sub-millimetre slices are 
considered too noisy, an intermediate thickness such as 2.5 mm 
may be preferred. The thicker slices provide good appreciation of 
the brain parenchyma, detection of haemorrhage and assessment 
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Figure 3. Unenhanced CT. (a) Demonstrates a right MCA ter-

ritory infarct with loss of differentiation of the caudate and 

lentiform nuclei and the insula ribbon (Star). There is swelling 

with overlying sulcal effacement. (b) Demonstrates haemor-

rhagic transformation of the right MCA territory infarct in the 

same patient (Arrow), a complication of large territory infarc-

tion.

Figure 4. (a) (5-mm slices) Fails to demonstrate the proximal 

right sylvian M2 thrombus observed on (b) (Arrow) (0.5-mm 

slices) showing the importance of thin slice review.

Figure 5. The 10 Territories identified in ASPECTS. Ischaemia 

in one of these regions leads to a one point reduction in the 

score. ASPECTS, Alberta Stroke Program Early CT Score.

of grey white matter differentiation. Thin slice imaging offers 
increased spatial resolution for resolving partial volume aver-
aging and detecting very small infarcts. It is particularly useful 
at identifying small thrombi, increasing sensitivity from 67 to 
97%28 (Figure 4). As well as the standard axial plane, reviewing 
images in reformatted coronal and sagittal planes may be useful 
in accurate localization of infarction and confirming suspicion of 
abnormality in the axial plane. This becomes particularly useful 
when assessing beam hardening artefact at the skull base and 
localizing small peripheral cortical infarcts.

Sensitivity to parenchymal changes in acute ischaemic stroke 
has been shown to improve by utilizing “stroke windows”. The 
window centre is set at white matter attenuation with a narrower 
width to increase grey white matter differentiation, increasing 

sensitivity from 57 to 71% in some studies.26,29 Typical values are 
window width 40, centre 40. In the authors’ experience optimum 
windowing can vary from scanner to scanner, protocol used and 
individual preference.

The extent of early ischaemic changes on CT correlates with 
stroke severity scores such as the National Institute of Health 
Stroke Score (NIHSS) and is a predictor of clinical outcome.29–31 
Accurate and consistent assessment of the extent of these changes 
by simple visual inspection is difficult.

The Alberta Stroke Program Early CT Score (ASPECTS) was 
originally devised as a simple topographic scoring system for 
assessment of the extent of early ischaemic changes in middle 
cerebral artery territory on unenhanced CT. The MCA terri-
tory is divided into 10 regions (Figure 5). Each region scores 1 
point if normal and 0 if abnormal, thus a normal scan scores 
10 and a total MCA territory infarct scores 0. This validated 
technique is useful for predicting radiological and neurolog-
ical outcome.32 A score of less than eight is associated with 
a poorer neurological outcome.32 e-ASPECTS (Brainomix™) 
is medical imaging software that provides a rapid, automated 
ASPECTS from plain CT data. It has been shown to perform as 
well as stroke experts and neuroradiologists [specificity, 95% 
CI (80.9–95.2%)].33

Isolated linear hyperdensity on CT can represent organized 
thrombus in the context of acute ischaemic stroke (attenuation 
≅ 80 HU).34 Linear hyperdensity in the terminal internal carotid 
artery has 100% specificity for distal internal carotid artery 
thrombosis with a high predictive value for distal internal carotid 
artery thrombus on CT angiography (CTA).35 Acute thrombus 
in the distal MCA can readily be detected on unenhanced CT 
as a linear hyperdensity or dot sign36 (Figure 6), but would not 
necessarily benefit from MT compared with revascularization 
of proximal occlusion.35 Hyperdensity in the basilar artery has 
a sensitivity of 71% and specificity of 98%. Visualization of the 
basilar artery can be difficult  due to the presence of beam hard-
ening artefact at the base of skull and lack of presence of other 
arteries at this level for comparison.35
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Figure 6. MCA dot sign—small focus of high density in the 

sylvian branch of the right MCA representing acute thrombus 

(arrow) (0.5 mm slices, unenchanced CT).

Figure 7. CT angiography  with thick slice coronal (a) and sag-

ittal (b) reformatted images demonstrating thrombus of the 

right MCA and occlusion in the right extracranial ICA, respec-

tively. The patient was treated successfully with mechanical 

thrombectomy and stenting of the occluded ICA.

Limitations of unenhanced CT
Plain CT does not accurately indicate the infarct core or provide 
information about the ischaemic penumbra. The European 
Cooperative Acute Stroke Study showed that acute ischaemic 
involvement of more than one-third of the MCA territory is a 
contraindication to IV thrombolysis  due to the risk of haemor-
rhagic transformation.6 ASPECTS provides a template to estimate 
the size of baseline infarct, but assessment of early change within 
90 min of stroke onset is less reliable and small core infarction 
may not be picked up.37 Patient factors that reduce sensitivity 
to ischaemia include cerebral atrophy and leukoariosis. CT has 
poor sensitivity for detection of posterior fossa infarcts.

Other pitfalls when assessing acute thrombus include vari-
ability in slice thickness, vessel wall calcification and increased 
haematocrit.38

Summary unenhanced CT
Unenhanced CT can provide sufficient information to select 
patients for IVT according to current guidelines. It is highly 
sensitivity for acute haemorrhage. Detectable changes of early 
infarction correlate with outcome and the risk of treatment 
related haemorrhage. It is able to detect intraluminal thrombosis 
with reasonable sensitivity.

CT angiography (CTA)
CTA demonstrates the presence, location and size of occlusive 
thrombus and may provide information on collateral supply to 
the ischaemic territory. It is widely available, rapid and provides 
excellent spatial resolution in assessment of the intra and extra-
cranial vasculature. The source data can be reformatted into 
two-dimensionla and three-dimensional multiplanar images.29 
The sensitivity of CTA in the detection of significant stenosis 
or thrombotic occlusion of large intracranial and extracranial 
vessels is 95 to 99%.39 Those patients who have a low National 
Institute of Health Stroke Score score with distal occlusion or 

patent vasculature on CTA assessment have better chances of 
early improvement and early independence with lower haemor-
rhagic complications when treated with IVT.39,40 This modality 
was included in patient assessment in all five major MT trials.

In the context of acute stroke, CTA must include the aortic arch 
to the vertex. The volume of thrombus demonstrated on CTA 
is an independent indicator of poor neurological outcome.39,40 
CTA provides a target for treatment. CTA of the arch and vessels 
is essential to identify tandem lesions such as an ICA stenosis or 
arterial dissection and to aid planning of access to the intracra-
nial circulation38 (Figure 7). Acute stenting of tandem lesions of 
the extracranial ICA () results in a high recanalization rate (87 vs 
48% p = 0.001), favourable outcome (68 vs 15% p = 0.001) and 
lower mortality (18 vs 41% p = 0.048).21

CTA also provides an assessment of the collateral circulation 
distal to an arterial occlusion. Assessment may be qualitative 
or a scoring system may be used. A good collateral circulation 
correlates with a positive clinical outcome. Utilizing assessment 
of the collateral supply can be enhanced by using a multiphase 
CTA technique (Figure  8). This typically comprises two addi-
tional low-dose CT scans of the head only, acquired sequentially 
at approximately 5 and 10 s after the initial arch to vertex acquisi-
tion. This provides a time-resolved assessment of collateral circu-
lation and a demonstration of delayed transit time. Multiphase 
CTA involves a lower radiation dose than CTP and no additional 
intravenous contrast is required.

CTA allows visualization of the distal pial arteries after the 
occlusive thrombus, the number of which is consistent with the 
number of collaterals.39,41 Collateral scores were utilized in the 
SWIFT PRIME and ESCAPE trial for patient stratification. There 
are multiple collateral scores published in the literature, none of 
which are standardized, but some of which have demonstrated 
good interobserver agreement with different grading scales and 
a positive predictive outcome42–47 (Figure 9).
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Figure 9.  A single example of a scoring system that has 

demonstrated good interobserver agreement in the analysis 

of collaterals using CT angiography.

Figure 10. A 65-year-old male with right-sided weakness. (a) 

Demonstrates loss of grey white matter differentiation and cor-

tical swelling involving the left anterior MCA territory. There is 

a mismatch between the CBF (b) and CBV (c) with an overall 

increase in MTT (d) suggesting there is ischaemic penumbra 

that would benefit from revascularization. (Image courtesy of 

Dr D Scoffings). CBF, cerebral blood flow; MTT, mean transit 

time.

Figure 8. Patient (a) has a left MCA thrombus with complete 

occlusion. Delayed multiphase imaging shows good collater-

als, which was not shown on single-phase imaging alone. The 

patient underwent thrombectomy and had a good recovery. 

Patient (b) has a small distal MCA thrombus. Multiphase imag-

ing demonstrates delayed washout of contrast in the left MCA 

territory aiding the detection and localization of thrombus. 

The patient was treated with i.v. tPA and made a good func-

tional recovery.

Limitations
CTA was thought to be more sensitive in detection of early irre-
versible ischaemia than unenhanced CT alone.48 However, in 
the efforts to speed up imaging and optimize arterial opacifi-
cation, it has been shown to result in overestimation of infarct 
size, which may inadvertently exclude patients from treatment.49 
It has been shown that early arterial phase CTA may underes-
timate thrombus length. Collateralization scores have not been 
standardized. In M1 branch occlusion, thrombus length discrep-
ancy grade using dual phase CT may represent an alternative way 
to reflect collateral status or the presence of anterograde flow 
to outcome predictor than collateral scoring on CTA.50 CTA is 
superior for vessel luminal assessment, but there can be limita-
tions  due to artefact. Renal disease and patients with low GFR () 
can be relatively contraindicated to have CTA assessment.

Summary CT angiography
CTA is an effective method for rapid assessment of the extra- 
and intracranial arterial vasculature providing a target for MT, 
thereby assisting with preprocedural planning. Assessment 
of collateral circulation can be used as a positive predictor of 
patient outcome.

CT perfusion
CT perfusion (CTP) produces high spatial resolution quan-
titative perfusion–blood volume mapping. When adminis-
tering contrast, there is a linear relation of attenuation changes 
with contrast concentration that has been shown to produce 
comparable results with MR perfusion.51,52 Using automated or 
semi-automated software, qualitative and quantitative data for 
cerebral blood volume (CBV), cerebral blood flow (CBF) and 
mean transit time (MTT), i.e. the time difference between arte-
rial inflow and venous outflow, and time-to-peak enhancement 
(TTP) are derived. Normal cerebral blood flow is defined as 45–
110 ml100 g–1 min–1. This data can be applied to the three-com-
partment model of acute infarction and provide an estimate 
of the infarct core (irreversible infarction—CBF <10 ml100 
g–1  min–1), potentially salvageable brain tissue if the arterial 
supply is restored sufficiently quickly and tissue likely to survive 
(CBF >25 ml100 g–1 min–1) (Figure 10). The penumbral hypoth-
esis suggests that the greater the mismatch between the volume 
of irreversible ischaemia and the volume of hypoperfused but 
functional brain tissue, the more the patient may benefit from 
revascularization of the ischaemic brain.53

Preservation of or an increase in regional blood volume in the 
presence of reduced flow is thought to be an indicator of salvage-
able brain tissue. Thus, the greater the mismatch, the more likely 
that the patient would benefit from vessel recanalization. It can 
be used to triage patients who present late after initial onset of 
symptoms.29,54 CTP has also been shown to be able to help predict 

http://birpublications.org/bjr


6 of 11 birpublications.org/bjr Br J Radiol;90:20170573

BJR  Smith and  Rowland Hill

Figure 11. MRI of left PICA territory infarct (a) High FLAIR 

signal clearly identifies the region of oedema related to the 

infarct. (b) ADC map and (c) DWI demonstrates restricted dif-

fusion confirming the acute nature of the pathology. (d) Sag-

ittal T2 demonstrates high signal. (e) Gradient echo sequences 

demonstrates low signal confirming the presence of haem-

orrhage.  ADC,  apparent diffusioncoefficient;  DWI,  Diffu-

sion-weighted  imaging;  FLAIR,  fluid attenuated inversion 

recovery; Posterior Inferior Cerebellar Artery.

haemorrhagic transformation in ischaemic stroke and recognize 
stroke mimics.38,55 For example, a patient with focal seizure 
would demonstrate decreased CBF and cerebral blood volume 
in the affected area in the absence of proximal occlusion, whilst 
a patient with an acute ischaemic stroke would have a decreased 
CBF with an increased time-to-peak enhancement with no 
sparing of the parenchymal structures in the affected vascular 
distribution. CTP comprised part of the imaging protocol for the 
SWIFT PRIME and ESCAPE trials. RAPID software has shown 
great accuracy in predicting final infarct volume56

Limitations
CTP increases imaging acquisition time, radiation dose and 
contrast dose. CTP when used in combination with unenhanced 
CT and CTA can the increase dose of examinations to between 
9 and 10 mSv. A non-contrast CT typically measures 4 mSv with 
multiphase CTA introducing a 1 mSv increment of exposure in 
comparison.41 However, lower dose protocols for CTP have been 
described.54

Interpretation requires specialist training, experience and is 
time-consuming. When looking at the analysis of workflow for 
the SWIFT PRIME trial, image time from unenhanced CT head 
to successful post-processing for CTP was 22 min.23 There are 
multiple software packages that are not standardized. CTP is 
sensitive to patient motion artefact resulting in misregistration 
and unreliable data. On older CT scanners z-axis coverage is 
limited, typically to 8 cm, and is, thus, dependent on accurate 
preselection of the volume of interest.38

CTP maps may be inaccurate in those patients who have extra-
cranial carotid occlusion/stenosis, atrial fibrillation or poor 
cardiac output if inadequate image acquisition time is given. 
Reduced perfusion may also be seen in those patients who have 
seizures that mimic strokes and vasospasm.57

Summary CT perfusion
CTP provides high spatial resolution data on blood flow and 
volume which can supplement the information from plain 
CT and CTA to optimize selection for treatment, especially in 
subjects who present late after symptom onset. It provides quan-
titative and qualitative data on the infarct core and ischaemic 
penumbra and is particularly useful in those patients who present 
3 h after symptom onset. It may be useful in predicting haemor-
rhagic risk of reperfusion therapy and recognize stroke mimics 
in CTA negative studies.38 Providing a routine CTP service in 
acute stroke requires a considerable resource of equipment and 
expertize.

MRI
MRI presents practical difficulties for hyperacute stroke patients 
but can be a valuable contributor to patient work-up, particularly 
beyond 3 h post-symptom onset.58 Typical MRI stroke protocols 
can take 10–15 min to perform but rapid protocols are described 
allowing patient evaluation in 6 min with a mean delay of only 18 
min in workflow when compared with CT scanning at very expe-
rienced acute stroke centres.24,59 The goals in MRI and CT scan-
ning are identical. Assessment of the brain parenchyma can be 

performed on T2W FSE () and FLAIR (fluid attenuated inversion 
recovery) imaging, with assessment of haemorrhage and micro-
haemorrhage with gradient echo and susceptibility-weighted 
imaging (SWI) (Figure  11). Although there is no significant 
difference in patient outcome, when utilizing unenhanced CT 
and MR within the first 3 h post-symptom onset, use of MRI may 
reduce the rate of symptomatic intracerebral haemorrhage.58

Diffusion-weighted imaging (DWI) provides the most accurate 
measure of infarct core volume and is an independent predictor 
of clinical outcome in many trials.11,58–61 Restricted diffusion on 
DWI can be seen as early as 30 min post-ictus, with evolution 
of infarction being observed up to 4 weeks.29 DWI can identify 
small volume infarction that may not be appreciated on unen-
hanced CT alone and locates infarct position relative to region 
eloquence accurately. In the RECOST study, MRI imaging with 
DWI-derived ASPECTS scoring demonstrated effective patient 
selection for MT, in particular in those patients older than 70 
with small volume infarcts.62 An added benefit of DWI is opti-
mized posterior circulation evaluation. Between 6 and  10% of 
ischaemic strokes involve the basilar artery with patients having 
a poor prognosis and mortality rate of up to 85%.63 Studies 
have shown that a DWI Brain Stem Score and DWI ASPECTS 
can optimally assess small volume infarcts and predict clinical 
outcome.63,64 DWI is also valuable in the diagnosis of stroke 
mimics particularly as a negative finding in Todd’s Paraesis.

SWI is useful in assessment of thrombus length in the 
MCA, with a recent study having a 95.5% sensitivity on SWI 
imaging and strong correlations between the thrombus loca-
tion identified on SWI with time-of-flight (TOF) imaging 
(Pearson’s correlation coefficient (PCC) 0.918, p < 0.001), 
contrast  MRA (Magnetic Resonance Angiography) (PCC 0.887, 
p < 0.001) and digital subtraction angiography (PCC 0.841,  
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p < 0.001).60 SWI imaging can give an idea of collateralization  
due to deoxygenated blood in the hypoperfused area. Thrombus 
can also be indicated by blooming on gradient echo sequences.65 
SWI is very sensitive to cerebral microhaemorrhages, which may 
be associated with an increased risk of symptomatic intracere-
bral haemorrhage after thrombolysis therapy.66

TOF and contrast enhanced MRA (CEMRA) are effective in 
assessment of the intracranial and extracranial vasculature 
(Figure  12). CEMRA requires IV Gadolinium which may be 
contraindicated in some patients. TOF will frequently suffice. As 
with CTA, MRA can identify the location and extent of occlu-
sive thrombus as well as identify tandem lesions at the cervical 
level. Sensitivity of TOF MRA for total occlusion in the internal 
carotid artery was shown to be 92% with 100% sensitivity for 
near total occlusion.61

The strength of perfusion-weighted imaging (PWI) lies in its ability 
to detect reversible ischaemic tissue.29 PWI can be performed 
using contrast-enhanced (dynamic susceptibility contrast and 
dynamic contrast-enhanced) or non-contrast methods (arterial 
spin labelling). It produces a perfusion map that calculates the 
mean transit time through the cerebral parenchyma which can 
be compared directly with the DWI map measuring the infarct 
core. If the DWI and PWI maps match, reperfusion would not 
be beneficial, correlating with the DEFUSE trial findings.62 PWI 
readily covers the whole brain, providing a more comprehensive 
evaluation compared with CTP on many scanners.38

Revisiting the EPITHET and DEFUSE trial data, the use of 
co-registration techniques with PWI and DWI was effective in 
determining the presence of mismatch compared with standard 
volumetric imaging. This suggested that these patients signifi-
cantly benefitted after treatment with Alteplase.67–69 In the acute 
setting, PWI combined with a DWI can offer accurate assessment 
for the individual patient and it could be hypothesized that the 
requirement of a specific time window for treatment in certain 
patients could be negated if significant penumbra is identified, 
thereby making treatment more available.70

ASPECTS has been applied to PWI and DWI as a means of 
producing a semi-quantitative assessment of perfusion–diffu-
sion mismatch in acute MCA stroke. This is an alternative to less 

reliable visual assessment or time-consuming manual segmenta-
tion for volumetry when ultrafast post-processing software is not 
available. A recent single centre study showed very high interob-
server agreement for the mismatch-ASPECTS method and that 
a mismatch-ASPECTS > 1 identified patients with a volumetric 
mismatch with high sensitivity and specificity.71 This study did 
not include correlation with patient outcome.

Limitations
Although MRI offers many advantages in hyperacute stroke 
imaging, its use in many centres may be limited by non-avail-
ability of 24/7 access, remote location of scanners from the 
acute stroke assessment areas and well-known safety issues that 
are exacerbated in the acutely unwell patient, especially if intu-
bated.58 These issues all have a potentially deleterious effect on 
time to treatment and, therefore, outcome. MRI is of course 
contraindicated in some patients with incompatible devices and 
implants.

DWI is not totally specific for irreversible infarction and 
DWI positive lesions have been reversed with early vessel 
recanalization.53,71

MRA is less able to provide accurate assessment of the collat-
eral circulation distal to an occlusions compared with CTA or 
as accurate assessment of luminal stenosis. When comparing 
CTA and MRA in the presence of T-occlusions of the distal 
internal carotid or basilar artery, they provide similar assessment 
accuracy.58

PWI demonstrates some challenges regarding penumbra 
measurement. This usually results  because of overestimation of 
penumbra  due to the inclusion of benign regions of oligaemia.72 
PWI may help to provide delayed treatment to those potential 
candidates who have late presentation with slow progressive 
strokes. However, a meta-analysis of multiple studies with PWI 
assessment using delayed thrombolysis in acute stroke did not 
demonstrate improved clinical outcome.73 Also, a recent study 
has suggested clinical diffusion mismatch, where condition 
severity does not match with the imaging, could be used as an 
alternative method to predict patient outcome in M1 MCA 
occlusion and in small infarct cores < 25 ml.72 However, PWI/
DWI mismatch modelling should be considered superior for 
selecting patients for reperfusion therapy where thrombus level 
has not been accounted for.74

Summary MRI
MRI provides comprehensive multiparametric assessment of 
the brain parenchyma and circulation in acute stroke. It is supe-
rior to CT in many respects particularly the provision of DWI in 
demonstration of the infarct core. DWI can be directly compared 
with PWI, other sequences and clinical status to assess tissue 
salvageability. SWI is very sensitive to microhaemorrhage, which 
may have proved to be significant in determining treatment. It 
is considerably superior to CT in posterior circulation strokes. 
It is likely to have a particular role in patients who present late 
or at an unknown interval after symptom onset to select who 
may benefit from reperfusion therapy. These advantages are 

Figure 12. There are multiple infarcts in the left cerebellar hem-

isphere as demonstrated on FLAIR (a) and DWI (b). Further 

investigation with TOF MRA demonstrates a dissection of the 

left vertebral artery (Arrow). DWI, Diffusion-weighted  imag-

ing;  FLAIR,  fluid attenuated inversion recovery,  TOF,  time- 

of-flight.
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What to do with the “wake-up stroke” (WUS) 
presentation
Wake-up stroke provides a diagnostic and therapeutic dilemma. 
These patients have an unknown time of symptom onset and can 
make up to 20 to 25% of stroke presentations.75 The inability to 
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excluded these patients from therapeutic trials and from IVT 
and MT according to current clinical practice guidelines.

This is an area of active research with a number of trials – 
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data announced but as yet unpublished. T2W FLAIR and DWI 
are sensitive to different cerebral water changes and it has been 
shown that DWI positive and FLAIR negative sequences can 
identify acute parenchymal ischaemia within the first 3 to 4.5 h 
window accurately.76

The MR Witness trial findings presented at the International 
Stroke Conference 2016 has demonstrated that FLAIR/DWI 
mismatch may be utilized in initial assessment safely within 4.5 
h of symptom discovery and with a median time of >11 h of last 
being seen well to the initialization of tPA.77

discussion
The emergence of a strong evidence base for MT as a highly effec-
tive treatment in hyperacute ischaemic stroke poses a consider-
able challenge to imaging services to achieve the goal of 24 h, 
7-day delivery of this treatment across whole populations and 
large areas. The transfer of patients to suitable scanning facili-
ties is beyond the scope of this review but nevertheless critical to 
organization of imaging services in any particular geographical 
context.

Whichever imaging modality and techniques are utilized, they 
must be able to accurately and safely identify those patients likely 
to benefit from treatment and exclude those who are not, espe-
cially those at risk of greater harm than benefit. This must be 
done with the greatest possible speed but not at the expense of 
safety. In SWIFT PRIME, there was little difference in clinical 
outcome for those having advanced post-processed imaging 
compared with those who did not, questioning the value of more 
advanced imaging.23 It is also important that clinical assessment 

and imaging are efficiently integrated within the patient pathway 
and one does not unnecessarily delay the other.

For MT work-up, the minimum requirement of plain CT for 
IVT is no longer sufficient and must be supplemented at least by 
single-phase CTA from the aortic arch to the vertex. There are 
significant staffing and training implications for providing this 
on an emergency basis, especially out of hours. It is fundamental 
that rapid, expert interpretation of these studies is available either 
locally or remotely. Where necessary, high-speed robust telera-
diology links to the nearest thrombectomy centre are essential.

Basic CT and CTA may be supplemented by multiphase CTA 
and CT perfusion, which can provide key information on collat-
eral circulation and tissue viability. The place of these techniques 
in routine clinical practice is yet to be fully defined, but one or 
both are likely to become important in future assessment, espe-
cially for those patients presenting outside current treatment 
guidelines. Nevertheless, any additional time taken to acquire 
and interpret imaging must be balanced against the need to insti-
tute treatment as rapidly as possible.

MRI can provide all the required imaging data and in particular 
more definitive imaging of the infarct core, thereby providing 
more information to identify patients who could benefit for IVT 
and MT. However, MRI can present greater logistic challenges 
and in the UK at least it is likely that CT and CTA, ± CTP will 
be the mainstay of hyperacute stroke imaging for the foreseeable 
future. In places where there is better access to MRI, such as the 
USA, plain CT is often supplemented by MRI and MRA.

conclusion
The evidence for MT is excellent. The number needed to treat of 
2.619 is much fewer than for primary coronary intervention.78 It 
is highly likely that the current limit of 6 h from symptom onset 
for consideration of MT is excluding patients who may benefit. 
A recent meta-analysis of five randomized trials demonstrated 
that MT is effective up to 7.3 h after symptom onset with func-
tional independence gained in 64% of patients at 3 h and 46% 
of patients at 8 h.79 The DEFUSE III trial (NCT02586415) is 
assessing patients with large artery occlusion that have presented 
6–16 h after symptom onset and uses multimodal CT and MRI 
prior to randomization to thrombectomy and best medical 
therapy versus  best medical therapy alone. It is known that the 
growth rate of infarct cores is highly variable80   supporting the 
concept that in future optimum stroke treatment will be individ-
ualized based on clinical and imaging data.
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