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Abstract 

Over the last decades, neuroimaging methods have been refined to improve clinical 

decisions regarding acute stroke treatment. Computed tomography (CT) and 

magnetic resonance imaging (MRI) are routinely used to rule out intracerebral 

hemorrhage or other contraindications of thrombolysis, to detect stroke mimics and to 

estimate the time of stroke onset. With the availability of fast and advanced imaging 

methods, there is a growing interest in expanding their application for the prediction 

of success and risks of specific therapies. The mismatch concept, which has long 

been controversial, has now experienced a breakthrough due to further development 

and standardization of imaging parameters and separation of different, clinically 

relevant mismatch patterns. In this review, we will highlight existing neuroimaging 

modalities for acute stroke. To interpret neuroimaging results, knowledge about the 

clinical situation is essential. Furthermore, the factors of time since stroke onset and 

collateral blood supply need to be incorporated into existing imaging-based 

therapeutic strategies. 

 

 

 

 

 

 

 

 

 

 

 



3 
 

CT in acute stroke 

A plain non-contrast-CT scan is sufficient to perform thrombolysis in acute stroke 

patients if all contraindications can be excluded (1995). Since the European 

Cooperative Acute Stroke Study (ECASS) III trial, intravenous thrombolysis with 

recombinant tissue-type plasminogen activator (rtPA) has been approved for up to 

4.5 hours from symptom onset in Europe and appears to be safe within this time 

window (Hacke et al., 2009; Ahmed et al., 2013). Despite this extended therapeutic 

window, rtPA can only be given to a small fraction of stroke patients (de Los Rios la 

Rosa et al., 2012). This is because the potential benefit of treatment has to be 

balanced against the risk of hemorrhage in the individual patient. There is an inverse 

relationship between time from stroke onset and successful recanalization with 

thrombolysis (Hacke et al., 2004).  

Non-contrast brain CT is fast and easily available, helping to minimize delays within 

the hospital (“door-to-needle times”), and therefore still the preferred primary imaging 

modality in many stroke centers (Ferrari et al., 2013). In addition to non-contrast CT, 

CT angiography (CTA) and/or CT perfusion (CTP) imaging are increasingly available 

for stroke patients (Wintermark et al., 2006). They allow visualizing extra- and 

intracranial arteries, including plaque characteristics as well as collateral flow 

(Delgado Almandoz et al., 2010; McVerry et al., 2012). Earlier drawbacks of a 

significantly increased radiation dose have been overcome by improved hardware 

and post-processing capabilities in new generation CT scanners (Hochberg and 

Young, 2012). CT perfusion allows imaging of brain tissue perfusion through 

sequential CT acquisitions following an intravenous bolus of an iodinated contrast 

agent. The following parameters are derived in most CTP applications: cerebral blood 

flow (CBF), cerebral blood volume (CBV), mean transit time (MTT) and Time to peak 
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(TTP) (Konstas et al., 2009). After deconvolution of a reference arterial input function, 

MTT is derived. CBV is the area under the time-contrast-enhancement curve, TTP 

the time to peak contrast enhancement, and CBF is calculated as CBF = CBV/MTT 

(Axel, 1983).  

MRI in acute stroke 

MRI is increasingly available as an alternative imaging modality in acute stroke and 

allows several non-contrast image acquisition modalities as well as MR angiography 

(MRA) and MR-based perfusion-weighted imaging (MRI-PWI). From the latter and 

similar to CTP, the parameters CBF, CBV and MTT can be derived (Barbier et al., 

2001; Calamante et al., 2002; Hochberg and Young, 2012). In addition to bolus-

tracking techniques that rely on the application of an MRI contrast agent, arterial spin 

labeling MRI measures perfusion by non-invasively, magnetically labeling 

endogenous water protons (Detre et al., 1994; Hendrikse et al., 2012). The method is 

gaining access to clinical MRI protocols and has the unique potential to selectively 

analyze blood supply from a single, magnetically labeled vessel (“vessel encoded 

imaging”) or with blood flow of a pre-defined velocity (“velocity selective imaging”), 

which is not feasible with bolus-tracking CTP or MRI-PWI methods (Wong et al., 

2006; Wong, 2007). The MRI sequence parameter that has revolutionized stroke 

imaging in the 90s was the non-contrast application diffusion weighted imaging (DWI) 

(Latchaw et al., 2009). DWI can readily depict even small ischemic lesions within the 

first minutes/hours of stroke onset and has proven to be more sensitive in ischemic 

lesion detection than CT (Barber et al., 1999). MRI is at least as good as CT with 

respect to the detection of acute intracranial hemorrhage (Chalela et al., 2007). 

Stroke mimics such as seizures, migraine or encephalopathy are typically not 

discerned on a non-contrast CT (Forster et al., 2012). Although the complication rate 



5 
 

of thrombolysis in stroke mimics is low, patients would receive a potentially harmful 

therapy unnecessarily. In patients presenting with ambiguous clinical symptoms 

raising doubt about an ischemic cause, MRI would be the preferred imaging modality. 

Another challenge for the physician is stroke occurring during the night (“wake up 

stroke”) or in other situations when the onset is unknown. These patients were 

previously excluded from thrombolysis. Using DWI and fluid-attenuated inversion 

recovery (FLAIR) MRI, it is now possible to estimate the onset of stroke into < or > 6 

hours earlier (Thomalla et al., 2011). Patients with a wake-up stroke, who have a 

DWI positive lesion that is not demarcated on FLAIR are very likely to be within a 

time window where thrombolysis can still be performed. Both sequences can be 

acquired within 5-10 minutes. Since stroke occurs during the night in about 25% of 

patients, this concept may significantly increase the eligibility of acute stroke patients 

for thrombolysis.  

Despite these advantages of MRI, the applicability to acute stroke patients is often 

limited due to the required head restrain, difficulties in patient monitoring, and 

exclusion of patients with pacemakers or claustrophobia. 

 

The target mismatch  

Initially described by Astrup in 1983, the penumbra is tissue at risk of infarction due to 

a reduction in blood flow, hypoxia and loss of functionality that has however not yet 

caused irreversible failure of energy metabolism and necrosis (Astrup et al., 1981; 

Paciaroni et al., 2009). The concept of “mismatch” is an attempt to define this area by 

imaging with the goal to search for tissue that is hypoperfused but still salvageable by 

recanalization even beyond the approved treatment time window or to select patients 
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for endovascular treatment. It was initially used in the context of a MRI-PWI and DWI 

mismatch for MRI assessment in acute stroke patients (Farr and Wegener, 2010). 

The infarct core is the area where MRI-PWI and DWI lesions are overlapping; 

indicating that hypoperfusion in these areas has already progressed to infarction. 

With time and with persistence of the vascular occlusion, the core is expected to 

grow. After results from smaller studies indicated that the PWI-DWI mismatch may 

indeed help to select patients for safe thrombolysis at treatment times > 4.5h 

(Warach, 2002; Schellinger et al., 2003; Thomalla et al., 2007), the concept was 

introduced into larger clinical trials, where a patient was grouped as having a 

mismatch when the lesion on MRI-PWI was 20% larger than the DWI lesion (Donnan 

et al., 2009). (Fiebach and Schellinger, 2009; Schabitz, 2009). These trials 

(DEFUSE, EPITHET, DIAS-2), although showing a favorable response to 

thrombolysis with mismatch, could not prove that patient selection for thrombolysis 

based on the mismatch was beneficial (Albers et al., 2006; Davis et al., 2008; 

Donnan et al., 2009; Hacke et al., 2009). The results were probably influenced by 

differences in post-processing of the perfusion maps (Dani et al., 2011). A separate, 

retrospective analysis of the DEFUSE data showed that the correlation between MRI-

PWI lesion and final infarct size depends on the thresholds applied to the calculation 

of the PWI maps (Olivot et al., 2009). However, another re-analysis of the pooled 

DEFUSE-EPITHET data revealed that not only technical aspects might have 

contributed to the disappointing results regarding the interpretation of the mismatch: 

in patients between 3 and 6 hours of symptom onset with a mismatch, but with a 

“malignant” profile, defined as large (>80ml) DWI and large (>85ml with Tmax > 

8sec) MRI-PWI lesion, recanalization caused even worse outcomes, due to the 

increased occurrence of parenchymal hemorrhage (Mlynash et al., 2011). These 

findings suggest that recanalization strategies should be pursued with caution in 
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patients presenting at later (>3h) time points with a MRI-defined malignant profile. 

Exclusion of patients with a malignant profile and dichotomizing into patients 

with/without a “target mismatch” demonstrated that indeed patients with a target 

mismatch respond better to recanalization therapies, as in the prospective, 

randomized DEFUSE2 trial (Lansberg et al., 2012). Currently, several trials are 

ongoing testing the target mismatch as a selection criterion to extend the 

thrombolysis time window to up to 9 hours or test endovascular recanalization (Fisher 

and Albers, 2013). CT has also been used to provide a mismatch, whereby MTT/TTP 

and CBV/CBF maps are overlaid in analogy to MRI-PWI and DWI, with MTT and 

CBV probably yielding the best prediction for infarct growth (Wintermark et al., 2006). 

In this model, the core is the area of decreased CBV embedded into the larger area 

of prolonged MTT. Although the correlation to the MRI-defined mismatch is fairly 

good, the approach suffers from the fact that it can assess contrast-based perfusion 

parameters only, and does not measure an independent tissue parameter such as 

DWI to estimate the core. 

What is the underlying vascular physiology of a target mismatch versus a malignant 

profile in similar vascular occlusions? A proficient collateral vascular network might 

be present in some patients. Such collaterals might maintain perfusion and slow 

down growth of the ischemic core. It is conceivable that differences in collateral 

supply or in tissue resistance to ischemia might contribute to the observed imaging 

patterns (Shuaib et al., 2011). If different growth dynamics are to be expected, the 

influence of time should be incorporated into existing models of infarct growth. 

Recanalization may still lead to clinical improvement when achieved within the first 3 

hours of symptom onset in patients with a malignant profile and/or poor collaterals, 

but may be beneficial even at much later time points in a target mismatch patient with 
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good collaterals (for an example of a patient with a target mismatch see figure 1). It is 

very likely that advanced neuroimaging including CTP and MRI-PWI will facilitate the 

introduction of new and better treatments for acute stroke patients in the near future. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



9 
 

References 

 

(1995) Tissue plasminogen activator for acute ischemic stroke. The National Institute of 

Neurological Disorders and Stroke rt-PA Stroke Study Group. N Engl J Med 

333:1581-1587. 

Ahmed N, Kellert L, Lees KR, Mikulik R, Tatlisumak T, Toni D (2013) Results of intravenous 

thrombolysis within 4.5 to 6 hours and updated results within 3 to 4.5 hours of onset 

of acute ischemic stroke recorded in the Safe Implementation of Treatment in Stroke 

International Stroke Thrombolysis Register (SITS-ISTR): an observational study. 

JAMA Neurol 70:837-844. 

Albers GW, Thijs VN, Wechsler L, Kemp S, Schlaug G, Skalabrin E, Bammer R, Kakuda W, 

Lansberg MG, Shuaib A, Coplin W, Hamilton S, Moseley M, Marks MP (2006) 

Magnetic resonance imaging profiles predict clinical response to early reperfusion: 

the diffusion and perfusion imaging evaluation for understanding stroke evolution 

(DEFUSE) study. Ann Neurol 60:508-517. 

Astrup J, Siesjo BK, Symon L (1981) Thresholds in cerebral ischemia - the ischemic 

penumbra. Stroke 12:723-725. 

Axel L (1983) Tissue mean transit time from dynamic computed tomography by a simple 

deconvolution technique. Invest Radiol 18:94-99. 

Barber PA, Darby DG, Desmond PM, Gerraty RP, Yang Q, Li T, Jolley D, Donnan GA, Tress 

BM, Davis SM (1999) Identification of major ischemic change. Diffusion-weighted 

imaging versus computed tomography. Stroke 30:2059-2065. 

Barbier EL, Silva AC, Kim SG, Koretsky AP (2001) Perfusion imaging using dynamic arterial 

spin labeling (DASL). Magn Reson Med 45:1021-1029. 

Calamante F, Gadian DG, Connelly A (2002) Quantification of perfusion using bolus tracking 

magnetic resonance imaging in stroke: assumptions, limitations, and potential 

implications for clinical use. Stroke 33:1146-1151. 



10 
 

Chalela JA, Kidwell CS, Nentwich LM, Luby M, Butman JA, Demchuk AM, Hill MD, Patronas 

N, Latour L, Warach S (2007) Magnetic resonance imaging and computed 

tomography in emergency assessment of patients with suspected acute stroke: a 

prospective comparison. Lancet 369:293-298. 

Dani KA, Thomas RG, Chappell FM, Shuler K, MacLeod MJ, Muir KW, Wardlaw JM (2011) 

Computed tomography and magnetic resonance perfusion imaging in ischemic 

stroke: definitions and thresholds. Ann Neurol 70:384-401. 

Davis SM et al. (2008) Effects of alteplase beyond 3 h after stroke in the Echoplanar Imaging 

Thrombolytic Evaluation Trial (EPITHET): a placebo-controlled randomised trial. 

Lancet Neurol 7:299-309. 

de Los Rios la Rosa F, Khoury J, Kissela BM, Flaherty ML, Alwell K, Moomaw CJ, Khatri P, 

Adeoye O, Woo D, Ferioli S, Kleindorfer DO (2012) Eligibility for Intravenous 

Recombinant Tissue-Type Plasminogen Activator Within a Population: The Effect of 

the European Cooperative Acute Stroke Study (ECASS) III Trial. Stroke 43:1591-

1595. 

Delgado Almandoz JE, Romero JM, Pomerantz SR, Lev MH (2010) Computed tomography 

angiography of the carotid and cerebral circulation. Radiol Clin North Am 48:265-281, 

vii-viii. 

Detre JA, Zhang W, Roberts DA, Silva AC, Williams DS, Grandis DJ, Koretsky AP, Leigh JS 

(1994) Tissue specific perfusion imaging using arterial spin labeling. NMR Biomed 

7:75-82. 

Donnan GA, Baron JC, Ma H, Davis SM (2009) Penumbral selection of patients for trials of 

acute stroke therapy. Lancet Neurol 8:261-269. 

Farr TD, Wegener S (2010) Use of magnetic resonance imaging to predict outcome after 

stroke: a review of experimental and clinical evidence. J Cereb Blood Flow Metab 

30:703-717. 

Ferrari J, Knoflach M, Seyfang L, Lang W (2013) Differences in process management and in-

hospital delays in treatment with iv thrombolysis. PLoS One 8:e75378. 



11 
 

Fiebach JB, Schellinger PD (2009) MR mismatch is useful for patient selection for 

thrombolysis: yes. Stroke 40:2906-2907. 

Fisher M, Albers GW (2013) Advanced imaging to extend the therapeutic time window of 

acute ischemic stroke. Ann Neurol 73:4-9. 

Forster A, Griebe M, Wolf ME, Szabo K, Hennerici MG, Kern R (2012) How to identify stroke 

mimics in patients eligible for intravenous thrombolysis? J Neurol 259:1347-1353. 

Hacke W, Furlan AJ, Al-Rawi Y, Davalos A, Fiebach JB, Gruber F, Kaste M, Lipka LJ, 

Pedraza S, Ringleb PA, Rowley HA, Schneider D, Schwamm LH, Leal JS, Sohngen 

M, Teal PA, Wilhelm-Ogunbiyi K, Wintermark M, Warach S (2009) Intravenous 

desmoteplase in patients with acute ischaemic stroke selected by MRI perfusion-

diffusion weighted imaging or perfusion CT (DIAS-2): a prospective, randomised, 

double-blind, placebo-controlled study. Lancet Neurol 8:141-150. 

Hacke W et al. (2004) Association of outcome with early stroke treatment: pooled analysis of 

ATLANTIS, ECASS, and NINDS rt-PA stroke trials. Lancet 363:768-774. 

Hendrikse J, Petersen ET, Golay X (2012) Vascular disorders: insights from arterial spin 

labeling. Neuroimaging Clin N Am 22:259-269, x-xi. 

Hochberg AR, Young GS (2012) Cerebral perfusion imaging. Semin Neurol 32:454-465. 

Konstas AA, Goldmakher GV, Lee TY, Lev MH (2009) Theoretic basis and technical 

implementations of CT perfusion in acute ischemic stroke, part 1: Theoretic basis. 

AJNR Am J Neuroradiol 30:662-668. 

Lansberg MG, Straka M, Kemp S, Mlynash M, Wechsler LR, Jovin TG, Wilder MJ, Lutsep 

HL, Czartoski TJ, Bernstein RA, Chang CW, Warach S, Fazekas F, Inoue M, 

Tipirneni A, Hamilton SA, Zaharchuk G, Marks MP, Bammer R, Albers GW (2012) 

MRI profile and response to endovascular reperfusion after stroke (DEFUSE 2): a 

prospective cohort study. Lancet Neurol 11:860-867. 

Latchaw RE, Alberts MJ, Lev MH, Connors JJ, Harbaugh RE, Higashida RT, Hobson R, 

Kidwell CS, Koroshetz WJ, Mathews V, Villablanca P, Warach S, Walters B (2009) 



12 
 

Recommendations for Imaging of Acute Ischemic Stroke. A Scientific Statement From 

the American Heart Association. Stroke. 

McVerry F, Liebeskind DS, Muir KW (2012) Systematic review of methods for assessing 

leptomeningeal collateral flow. AJNR Am J Neuroradiol 33:576-582. 

Mlynash M, Lansberg MG, De Silva DA, Lee J, Christensen S, Straka M, Campbell BC, 

Bammer R, Olivot JM, Desmond P, Donnan GA, Davis SM, Albers GW (2011) 

Refining the definition of the malignant profile: insights from the DEFUSE-EPITHET 

pooled data set. Stroke 42:1270-1275. 

Olivot JM, Mlynash M, Thijs VN, Kemp S, Lansberg MG, Wechsler L, Bammer R, Marks MP, 

Albers GW (2009) Optimal Tmax threshold for predicting penumbral tissue in acute 

stroke. Stroke 40:469-475. 

Paciaroni M, Caso V, Agnelli G (2009) The concept of ischemic penumbra in acute stroke 

and therapeutic opportunities. Eur Neurol 61:321-330. 

Schabitz WR (2009) MR mismatch is useful for patient selection for thrombolysis: no. Stroke 

40:2908-2909. 

Schellinger PD, Fiebach JB, Hacke W (2003) Imaging-based decision making in thrombolytic 

therapy for ischemic stroke: present status. Stroke 34:575-583. 

Shuaib A, Butcher K, Mohammad AA, Saqqur M, Liebeskind DS (2011) Collateral blood 

vessels in acute ischaemic stroke: a potential therapeutic target. Lancet Neurol 

10:909-921. 

Thomalla G, Kohrmann M, Rother J, Schellinger PD (2007) [Effective acute stroke treatment 

beyond approval limitations: intravenous thrombolysis within an extended time 

window (3-6 h) and in old patients (aged 80 or older)]. Fortschr Neurol Psychiatr 

75:343-350. 

Thomalla G et al. (2011) DWI-FLAIR mismatch for the identification of patients with acute 

ischaemic stroke within 4.5 h of symptom onset (PRE-FLAIR): a multicentre 

observational study. Lancet Neurol 10:978-986. 



13 
 

Warach S (2002) Thrombolysis in stroke beyond three hours: Targeting patients with 

diffusion and perfusion MRI. Ann Neurol 51:11-13. 

Wintermark M et al. (2006) Perfusion-CT assessment of infarct core and penumbra: receiver 

operating characteristic curve analysis in 130 patients suspected of acute 

hemispheric stroke. Stroke 37:979-985. 

Wong EC (2007) Vessel-encoded arterial spin-labeling using pseudocontinuous tagging. 

Magn Reson Med 58:1086-1091. 

Wong EC, Cronin M, Wu WC, Inglis B, Frank LR, Liu TT (2006) Velocity-selective arterial 

spin labeling. Magn Reson Med. 

 

 

 

 

 

 

 

 

 

 

 

 

 



14 
 

Figure 1: Patient with target mismatch without reperfusion 

Legend: 83 year old patient presenting 3 hours after the onset of aphasia and right 

sided, sensorimotor paralysis. The CTP including MTT and CBV maps and the DWI-

MRI, acquired 1.5 hours later, show a target mismatch in a MCA-M1 occlusion. 

Despite timely start of thrombolysis, recanalization could not be achieved. The FLAIR 

MRI acquired 3 weeks later demonstrates that with persisting M1-occlusion, the 

infarct has grown into the full area of prolonged TTP on the initial CTP map. 

 

 

 

 

 

 

 

 

 


