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Abstract
Worldwide, non-contrast computed tomography (NCCT) has been the imaging modality 
of choice in acute stroke, primarily due to its accessibility and short acquisition time. 
However, magnetic resonance imaging (MRI), specifically diffusion-weighted imaging 
(DWI), is much more sensitive to hyperacute ischemic changes. Multimodal MRI studies 
provide significantly more pathophysiological and prognostic information than NCCT. 
Finally, perfusion-weighted MRI permits visualization of the extent of the ischemic 
penumbra in individual patients. MRI-based penumbral imaging appears to be the most 
promising approach to expanding the thrombolysis population base to include patients 
with prolonged symptoms. This article describes advances in MRI techniques and their 
application to acute stroke management. 
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Introduction

In patients with stroke, rapid diagnosis is essential 
for appropriate management. Results of acute stroke 
trials amply demonstrated that early treatment 
is critical in determining prognosis. In the 1980s, 
magnetic resonance imaging (MRI) scanners were 
first made available and generated great excitement 
owing to early recognition of ischemic brain tissue. [1] 
Advances in MRI techniques have now made it 
possible to differentiate areas of preventable infarction 
and identify patients most likely to benefit from 
interventional therapy.

Conventional spin echo (SE) and gradient recall echo 
(GRE) images rely on multiple radiofrequency (RF) 
excitations to generate images. Echoplanar Imaging 
(EPI) allows sampling of an entire volume of tissue 
with a single RF pulse excitation. This is accomplished 
through high-performance gradients, which are cycled 
on and off during a single period of proton relaxation. 

This ultra-fast technique therefore allows imaging of 
physiological phenomena, including water diffusion and 
blood flow. Images of the whole brain can be acquired 
within one minute.[2] The EPI technique can be applied 
to conventional SE or GRE images.

Imaging the Parenchyma 

Diffusion-weighted imaging
Diffusion-weighted imaging (DWI) delineates 
regions of bio-energetic compromise, where sodium-
potassium ATPase activity has failed. DWI employs 
serial de-phasing and re-phasing gradients, known 
as diffusion-gradients, to image the movement of 
protons (water) in space (diffusion). Protons that are 
not moving (restricted diffusion/cytotoxic edema) 
are associated with higher signal, i.e. hyper-intensity, 
on DWI. Under ischemic conditions, DWI restriction 
occurs within minutes and persists for 7-10 days, at 
which point cell membranes break down and water 
is no longer compartmentalized. Vasogenic edema 
appears hyperintense on T2 images, which will also 
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“shine-through” on DWI sequences acquired in sub-
acute stroke patients.

The apparent diffusion coefficient (ADC) is derived from 
the raw diffusion-weighted images. It is a quantitative 
measure of the rate of proton, and therefore water 
molecule, movement.[3] By comparing signal intensities 
at varying diffusion gradient strengths, the speed of 
water diffusion can be estimated. Gradients are applied 
in a number of directions (generally at least three). 
The strength of gradients is denoted by the symbol ‘b’; 
clinical DWI is normally obtained with a b-value of 1000. 
The signal is averaged to form a direction-independent 
(isotropic) image (sometimes referred to as the ‘trace’ 
image). When diffusion gradients are not applied 
(b 5 0), a T2-weighted image is obtained. Color-coded 
or intensity-coded ADC maps are obtained by applying 
an equation (Stejskal-Tanner) to the signal intensities 
with two or more b-values for each voxel.[4] In areas of 
more profound energetic compromise and sequestration 
of water molecules ADC values are lower. ADC values 
begin to increase 5-10 days after stroke symptom onset, 
which can result in the phenomenon of ADC ‘pseudo-
reversal’. In areas of encephalomalacia and vasogenic 
edema, ADC values are increased, reflecting more freely 
diffusing water.[5]

Perfusion-weighted imaging
Perfusion-weighted images are currently acquired using 
the dynamic-susceptibility contrast imaging technique. 
This is very similar to the computed tomography 
perfusion (CT perfusion) technique described in Part I 
of this series. A series of susceptibility-weighted images 
(known as T2*) are obtained every 1-2 sec during an 
injection of intravenous gadolinium contrast. As contrast 
transits the cerebral circulation, MRI T2* signal intensity of 
the images successively decreases due to the paramagnetic 
nature of the contrast, and then returns to normal. This 
change in signal intensity is plotted as a function of time 
(the signal-intensity time curve). Just as in CTP imaging, 
the central volume principle is used to calculate cerebral 
blood flow (CBF) and cerebral blood volume (CBV) on a 
voxel-wise basis. CBF is proportional to the amplitude of 
the signal intensity time curve, while CBV is estimated 
from the area under the signal-intensity time curve.[6] 
Areas of hypoperfusion can also be visualized as tissue 
with delayed time to peak (TTP) or prolonged mean 
transit time (MTT). Although not always performed in real 
time, most PWI studies have also used the deconvolution 
technique to correct for delay and dispersion of contrast 
bolus prior to arrival in the brain.[7,8] A commonly used 
parameter in these studies is Tmax, which is simply the 
time to peak after deconvolution of the signal-intensity 
time curve.[9] Voxel-wise values for each parameter are 

assigned a color code or intensity value, and maps are 
then constructed for CBF, CBV, TTP, Tmax and MTT.

In the near future, it may be possible to routinely measure 
cerebral perfusion without the need for gadolinium 
injections. Arterial spin labeling (ASL) is a quantitative 
MR perfusion method that does not require paramagnetic 
contrast.[10] An inversion pulse is utilized to tag protons 
in the blood prior to their entry into the imaging plane. 
In this way, water flowing in blood is used as an 
endogenous perfusion tracer. CBF maps are generated 
by subtraction of control from the spin-labeled images. 
The signal to noise ratio is relatively low, and significant 
contamination from blood-oxygenation-level-dependent 
effects is seen.[11] As no gadolinium is used, ASL can be 
used for sequential study of CBF without fear of contrast-
related adverse effects. However, this technique is not 
routinely performed and is still a research tool. In most 
clinical settings, bolus contrast PWI methodology is 
currently used to visualize perfusion deficits.

Imaging Blood Vessels: Magnetic Resonance 
Angiography

Magnetic resonance angiography (MRA) can be 
performed using the time of flight (TOF) or the phase 
contrast technique. In TOF studies, repetitive pulses 
are used to saturate tissue, while mobile protons in 
the vessels create a signal that is utilized to create images 
of the vasculature. Areas with turbulent flow, slow flow 
and adjacent fat or blood products can lead to erroneous 
estimation of vessel lumen diameter and patency.[12] 
Depending on the sequence parameters, the acquisition 
time for a 3D TOF is approximately 3-6 min.[13] The phase 
contrast technique is based on the manipulation of phase 
of magnetization, and is sensitive to flow velocities.[14] 
In contrast to TOF, phase contrast MRA can therefore 
indicate both the rate and direction of flow, although 
signal-to-noise ratios are lower and this technique is less 
often used in clinical practice.

Contrast-enhanced (CE) MRA utilizes gadolinium as an 
intravascular contrast medium. CE-MRA has a higher 
signal-to-noise ratio compared to conventional MRA, and 
visualization of smaller intracranial vessels (beyond the 
proximal middle cerebral artery, MCA) is improved. [15] 
Conventional 3D TOF tends to overestimate stenotic 
lesions while CE-MRA provides a better morphological 
image of the vessels.[16] MRA has a satisfactory sensitivity 
and specificity (80-90%), as compared to intra-arterial 
angiography, for detection of high-grade stenosis or 
occlusion of the internal carotid (ICA). For moderately 
severe ICA stenosis and for assessment of intracranial 
vessels, the sensitivity is less than optimal (0-18% for 
intracranial stenosis $50%).[17,18]
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Imaging the Ischemic Penumbra: PwI-DwI 
Mismatch

As discussed in the first article, the extent of the 
ischemic penumbra is fundamental to the success of 
all stroke therapies, including thrombolysis. Therefore 
demonstration of the penumbra, or lack thereof, in all 
stroke patients prior to making therapeutic decisions 
is ideal. Although a model of the penumbra based 
solely on perfusion thresholds is possible [Figure 1], 
combining DWI and PWI allows a visual assessment of 
the pathophysiological changes occurring in ischemic 
stroke. The DWI lesion generally represents the ischemic 
core [Figures 1 and 2], although it is now recognized that 
a portion of this tissue is sometimes part of the penumbra. 
This is because tissue with moderately decreased ADC, 
generally less than 15% of normal, sometimes escapes 
infarction.[19,20] This phenomenon is known as DWI 
reversal.[21] Nonetheless, mismatch between a larger PWI 
abnormality and a smaller DWI lesion has been postulated 
to represent the ischemic penumbra.[22] Within the first 3-6 h 
after ischemic stroke onset, up to 80% patients have PWI-
DWI mismatch, but the frequency of penumbral patterns 

decreases progressively with duration of symptoms.[23,24]

One of the technical difficulties that has limited immediate 
use of mismatch models in routine clinical practice is the 
lack of a standardized and objective definition.[25] It is 
impossible to define perfusion thresholds for infarct 
core/penumbra, as they vary with duration of ischemia 
and can therefore be modified by recanalization and/or 
collateral circulation.[26] As described above, there are a 
number of perfusion parameters, i.e. TTP, MTT, CBF 
that can be used to define the area at risk.[27] Finally, it is 
not clear what constitutes a critical volume of mismatch 
tissue. A value of 20%, i.e. perfusion deficits $120% 
of DWI lesion volume, has been utilized in a number 
of studies, but this is an arbitrary ratio. Comparative 
studies with PET do confirm that visual inspection of 
TTP maps, without objective thresholds does result in 
an over-estimation of the true volume at risk, due to the 
inclusion of areas of benign oligemia.[28,29]

Evidence for the mismatch hypothesis with respect to 
MRI-based selection of patients for thrombolysis
Patients with a PWI-DWI mismatch pattern have been 
hypothesized to be more likely to benefit from reperfusion 

Figure 1: Signal-intensity time curve used to generate perfusion-weighted images. Peak intensity is proportional to cerebral blood flow, area under the 
curve to cerebral blood volume. Mean transit time is calculated as CBV/CBF. Diffusion-weighted image demonstrates the infarct core. The volume of 

tissue that is hypoperfused, but outside the infarct core can be used as an operational definition of the ischemic penumbra. Penumbral tissue volume 
estimates vary with the PWI parameter utilized and the threshold used to differentiate at risk tissue from benign oligemia

Figure 2: Acute right anterior cerebral artery stroke. The diffusion-weighted image shows patchy areas of restricted diffusion (infarct core). 
Perfusion-weighted imaging, specifically a time to peak map, demonstrates hypoperfusion in the ACA territory. A significant PWI-DWI mismatch 

is evident. Magnetic resonance angiography shows right A2 occlusion (arrow). In addition, the left internal carotid artery is not visualized due to a 
chronic occlusion
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therapy relative to those without a mismatch. [30] In 
a cohort of 24 patients, imaged within 6 h of stroke 
onset, Schellinger et al., administered open label tissue 
plasminogen activator (tPA) to all patients with visible 
PWI-DWI mismatch.[31] Patients who recanalized after 
receiving tPA had better clinical outcomes. Although 
this study did not confirm the mismatch hypothesis, 
it did demonstrate that PWI-DWI selection of acute 
thrombolysis patients is feasible. Similarly, Parsons 
et al., also evaluated the effect of PWI-DWI mismatch in 
patients thrombolysed within 6 h of stroke onset.[32] In 
this study, all patients were treated with tPA, regardless 
of the MRI findings. Mismatch patients who received 
tPA had higher rates of recanalization and reperfusion, 
relative to non-mismatch patients, which was associated 
with significant increases in the volume of penumbral 
tissue that was salvaged.[32]

Several recent clinical studies of intravenous thrombolysis 
have included pre-treatment MRI PWI-DWI.[33-36] 
The diffusion and perfusion imaging evaluation for 
understanding stroke evolution (DEFUSE) study tested 
the hypothesis that the benefit of early reperfusion, 
with thrombolysis, would be enhanced in patients 
with mismatch.[35] Intravenous tPA was administered 
to all patients with ischemic stroke (3-6 h) regardless 
of their MRI profiles. Tmax maps, with $2 sec delay, 
were used to calculate the perfusion lesion volumes and 
reperfusion was defined as a 30% or more and 10 ml or 
greater reduction in PWI volumes on follow-up scans. 
An interim analysis indicated that a number of different 
PWI-DWI combinations could result in a mismatch by 
volume, but each had different prognostic significance. 
Mismatch profiles were divided into “small lesion” 
(PWI and DWI , 10 ml), “malignant profile” (baseline 
DWI lesion $100 ml and/or PWI lesion $100 ml with 
Tmax delay $8 sec) and “target mismatch” (PWI $120% 
of DWI; PWI $10 ml more than DWI, without malignant 
profile). At baseline, 54% showed PWI-DWI mismatch, 
and a small lesion profile was seen in 26% of the study 
population. The frequency of favorable clinical outcomes 
was significantly increased in target mismatch patients 
with early reperfusion, relative to those with persisting 
PWI deficits. Patients with the malignant profile had a 
low rate of favorable outcome, and 100% symptomatic 
intracranial hemorrhage rate if reperfusion occurred. 
In contrast, all patients with a small lesion profile had 
favorable outcomes. These results suggested that the 
mismatch hypothesis requires further refinement in 
order to identify a subgroup of patients (target mismatch) 
most likely to derive benefit from use of thrombolytic 
agents.[35]

The Echoplanar Imaging Thrombolytic Evaluation 
Trial (EPITHET) was designed specifically to test the 
hypothesis that tPA would result in attenuation of infarct 

expansion in patients with PWI-DWI mismatch.[36] As in 
DEFUSE, patients with ischemic stroke (n 5 100) 3-6 h 
after symptom onset were enrolled without reference to 
the baseline MRI results. Unlike DEFUSE, patients were 
randomized to tPA or placebo in double-blind design. 
The a priori definition of mismatch was PWI/DWI 
ratio . 1.2 and PWI-DWI volume $10 ml. Using this 
definition, 86% of randomized patients had mismatch at 
baseline. Infarct growth at 90 days, the primary endpoint 
of the trial, was not significantly different between tPA 
and placebo-treated patients. There were, however, 
strong trends to attenuation of DWI lesion expansion in 
patients treated with tPA. In addition, complete lack of 
DWI lesion expansion occurred in 23% fewer patients 
treated with tPA, relative to placebo.[36] Post-hoc analyses 
indicate that the mismatch definition used in the primary 
EPITHET analysis was too liberal and the trial was also 
underpowered.[37]

The Desmoteplase in Acute Ischemic Stroke (DIAS) and 
the related DEDAS (Dose Escalation of Desmoteplase for 
Acute Ischemic Stroke) trials were the initial randomized, 
placebo-controlled trials of a thrombolytic agent that 
used PWI-DWI mismatch for patient selection[33,34] DIAS 
patients with $20% PWI-DWI mismatch, estimated 
visually, were eligible to be randomized. Investigators 
were free to use any PWI parameter they chose to assess 
mismatch and no thresholds were applied. In most 
cases, mismatch would therefore have been assessed on 
the basis of raw TTP maps. A dose-dependent rate of 
favorable clinical outcome was seen with desmoteplase, 
as compared to placebo. A post-hoc analysis indicated 
that reperfusion, defined as either $30% reduction of 
MTT volume of abnormality or $2 points improvement 
on TIMI (adapted Thrombolysis In Myocardial Infarction 
grading scheme using MRA), was a favorable prognostic 
factor for clinical outcomes. Intriguingly, no effect of 
longer stroke onset-to-treatment time was observed on 
treatment effect in selected patients. This challenged the 
widely held concept of a “time-window” and suggested 
that the presence of mismatch, rather than time elapsed 
since symptom onset, was an important predictor of 
response to reperfusion therapy.[34] DEDAS, evaluated the 
safety and efficacy of two-dose tiers of desmoteplase. [33] 
Patients with $20% PWI-DWI mismatch, with a PWI 
deficit (with or without DWI lesion) of $2 cm diameter 
involving the hemispheric grey matter, were eligible for 
thrombolytic therapy. In patients fulfilling all MRI criteria, 
the use of desmoteplase (125 mg/kg) was associated with 
favorable clinical outcomes. Low rates of symptomatic 
intracranial hemorrhage (sICH) were observed in selected 
patients, indicating that beyond the 3 h window, PWI-
DWI MRI was potentially useful in identifying patients 
most likely to benefit from reperfusion. 

Although studies to date support the concept of 



554 Neurology India | Sep-Oct 2009 | Vol 57 | Issue 5

Saini and Butcher: MRI in acute stroke

penumbral selection for thrombolysis in an extended 
therapeutic window, it is also evident that the hypothesis 
requires further refinement. What is clear is that more 
conservative definitions of mismatch are required, based 
on higher PWI thresholds and/or ratios greater than 
20%. Future trials will utilize these more conservative 
definitions in patient inclusion criteria. We are optimistic 
that penumbral assessment tools will ultimately improve 
thrombolysis patient selection.

Alternative Resonance Imaging-Based 
Penumbral Selection Paradigms

Imaging blood flow with either MRI or CT is not routine 
in many stroke treatment centers. In addition, the 
EPITHET and DEFUSE studies have made it clear that 
more advanced tools than simple TTP maps, without 
a threshold applied, are required to accurately define 
significant hypoperfusion.[35,36] An alternative definition 
has therefore been devised that utilizes the severity of 
the clinical deficits as a surrogate marker for blood flow 
measurement. The “clinical-diffusion” mismatch (CDM), 
originally described by Davalos et al., defined CDM as 
an National Institute of Health Stroke Scale NIHSS $8 
associated with DWI lesion volume #25 mL. In a 
cohort of 166 patients with hemispheric stroke of ,12 h 
duration, CDM was detected in 52%. CDM was found 
to be a predictor of lesion growth and early neurological 
deterioration (increase in NIHSS $4 at 72 h).[38] Prosser 
et al., evaluated CDM in 54 patients imaged within 6 h 
of stroke onset and compared it to PWI-DWI mismatch. 
CDM detected PWI-DWI mismatch with high specificity 
(93%) but lower sensitivity (53%). Furthermore, DWI 
lesion expansion was significantly greater in patients 
with CDM as compared to those without CDM.[39] 
Thus CDM may be a useful surrogate for penumbral 
tissue patterns, although the additional information 
provided by blood flow imaging is fundamental to the 
pathophysiology of ischemic stroke and therefore should 
be obtained whenever possible, provided this does not 
result in undue delays to acute therapy.

Studies such as DEFUSE and EPITHET have all utilized 
‘off-line’ planimetric volume measurements.[35,36] While 
this is accurate, it is not yet automated and therefore 
impractical in the setting of acute stroke patient care, 
where a decision regarding thrombolysis must be made 
in minutes. An alternative to planimetric measurements is 
the use of an ordinal scale to rate the severity of DWI and 
PWI deficits. It has been demonstrated that the ASPECT 
score can be applied to DWI and PWI images. [40,41] Both 
DWI and PWI ASPECT scores are correlated with 
planimetric volumes.[41] The ‘MR Mismatch score’ is a 
measure of mismatch volume, that can be calculated by 
subtracting DWI ASPECT from PWI ASPECT scores. [40] 

MR Mismatch scores predict planimetric mismatch 
volumes with high specificity.

An MRA-DWI mismatch model has also been proposed 
on the basis of DWI lesion volume and proximal 
vessel occlusion identified on MRA [Figure 2].[42] In the 
DEFUSE study patients with proximal vessel occlusion 
and DWI lesion volume ,25 ml, and those with 
proximal vessel stenosis and DWI lesion volume ,15 ml 
(MRA-DWI mismatch) benefitted from reperfusion 
therapy administered 3-6 h from symptom onset.[42] 
Vessel occlusion associated with evidence of limited 
parenchymal injury is a logical treatment target, although 
the lack of blood flow imaging may preclude some 
patients with penumbral patterns secondary to smaller 
vessel occlusions, not visible on MRA or CTA, from 
treatment.

Magnetic Resonance Imaging Imaging-Based 
Prediction of tPA-Related Bleeding Risk

Baseline DWI lesion volume has been studied as a 
potential predictor of hemorrhagic transformation 
following tPA. In some studies larger DWI lesion volumes 
have been associated with increased hemorrhage rates. In 
the DEFUSE study also, larger DWI lesion volumes were 
associated with higher hemorrhage rates. A higher rate 
of hemorrhage was seen in patients with the “malignant 
profile”, defined as baseline DWI lesion $100 ml and/
or PWI lesion $100 ml with Tmax delay $8 sec.[35] In 
EPITHET, however, there was no relationship between 
initial DWI lesion volume and symptomatic hemorrhage, 
although there were relatively few of these events (four) 
making statistical test results somewhat less reliable. [36] 
Although patients with the “malignant profile” had 
worse clinical outcomes, when treated with tPA, 
compared to those without the malignant profile, no 
increase in the risk of sICH was observed, in contrast to 
results from DEFUSE.[36]

A large multicenter study, including 645 patients 
thrombolysed within 6 h of stroke onset, retrospectively 
evaluated the value of DWI lesion volumes (on baseline 
MRI) in predicting sICH following intravenous or 
intra-arterial thrombolysis.[43] Patients who developed 
sICH had significantly larger baseline DWI lesion 
volumes (44 vs. 18 ml) compared to those without 
sICH. Compared to patients with baseline DWI lesion 
volume #10 ml, the odds of developing sICH were 
higher in patients with moderate (10-100 ml, OR 2.8) and 
large (.100 ml, OR 5.8) DWI volumes.[43] In contrast to 
the above reports, Thomalla et al., reported no significant 
correlation between PWI/DWI lesion volumes and 
the incidence of PH following thrombolysis within a 
6-h window. However, a significant correlation was 
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observed between hemorrhagic transformation (HT) and 
baseline PWI volumes, suggesting that the mechanisms 
underlying HT and PH may be different.[44]

Other studies have utilized the severity of diffusion- 
restriction to predict hemorrhagic transformation. 
Tong et al., showed that in patients imaged within 
8 h of stroke onset, ischemic areas with higher 
percentage of pixels with severely restricted diffusion 
(ADC , 550 3 10-6 mm2/s) were at greater risk for 
developing HT.[45] Selim et al., retrospectively analyzed 
MRI-DWI data in patients thrombolysed within a 3 h 
window. Larger pre-treatment DWI lesion volume 
and a higher absolute number of voxels with ADC 
values , 550 3 10-6 mm2/s were associated with 
increased risk of HT.[46] Several factors, including 
parenchymal changes, reperfusion, hypertension and 
glycemic control determine the risk of hemorrhage. 
Therefore, models based solely on imaging are unlikely 
to reliably predict the risk of HT, both spontaneous 
and tPA-related.

Advanced Magnetic Resonance Imaging 
Imaging and Intracerebral Hemorrhage

A common concern amongst clinicians who do not 
routinely use or have access to MRI is the ability to detect 
acute blood. There is a perceived difficulty associated 
with visualization of acute hemorrhage on MRI scans. 
On routine spin echo sequences, intravascular blood is 
visible due to the effects of flow, which disrupt signal 
acquisition, resulting in the ‘flow-voids’. Factors that 
alter MRI signal intensity in the presence of extravascular 
blood include increased red cell density, clot matrix 
formation, decreasing cellular hydration and blood 
deoxygenation and breakdown.[47] Blood deoxygenation 
and breakdown products are the most important, due 
to their susceptibility properties as well as their effects 
on relaxivity of adjacent water molecules (protons). 
Paramagnetic blood constituents and metabolic 
products include deoxyhemoglobin, methemoglobin 

and hemosiderin. Oxyhemoglobin is diamagnetic and 
therefore does not result in changes in MRI signal. Acute 
blood also contains significant amounts of water in the 
form of plasma, which is heavily T2-weighted. Thus, 
acute intraparenchymal blood, has a mixed signal on 
traditional T2-weighted images [Figure 2].[47,48]

In hyper-acute intracerebral hemorrhage (ICH), the 
susceptibility effects are first observed at the periphery of 
the hematoma [Figure 3].[49] This is related to formation 
of deoxyhemoglobin and magnetic field inhomogeneities 
at the interface with surrounding normal diamagnetic 
tissue. This is useful in delineating the boundary of the 
hematoma, from the rim of peri-hematomal edema, as the 
latter is always hyperintense on T2-weighted images. It is 
important to recognize that measurements of hematoma 
volume made on MRI will tend to overestimate the true 
volume.[50] Susceptibility-weighted sequences including 
GRE T2*, which are more sensitive to the paramagnetic 
effects of deoxyhemoglobin, make acute blood even more 
obvious on MRI [Figure 2].[47,51-53] MRI signal changes 
on GRE, T1 and T2-weighted images can be used to 
estimate the age of intracranial blood. In addition to the 
increasingly hypointense T2 signals, seen with progressive 
deoxygenation, after 72 h, T1 signal intensity increases due 
to the presence of methemoglobin. After approximately 
seven days, the T2 signal intensity will also increase, as red 
blood cells are lysed. Eventually, both T1 and T2 signals 
are significantly decreased, as only hemosiderin is left as 
a remnant of the hematoma. Depending on the size of the 
hematoma, a Cerebrospinal fluid CSF-filled cavity, which 
is heavily T2-weighted, may also be evident.

A number of comparative studies have demonstrated 
that acute ICH can be readily diagnosed and differentiated 
from ischemia using MRI.[54,55] MRI is markedly superior 
to CT for the detection of chronic blood. This includes 
identification of cerebral microbleeds (CMBs), defined 
as hypo-intensities, less than 5 mm in diameter, 
most easily identified on susceptibility-weighted 
sequences. [56- 59] These foci of MR signal loss represent 
deposits of hemosiderin within macrophages, resulting 

Figure 3: Acute intracerebral (right lentiform nucleus) hemorrhage seen as an area of hyperdensity on non-contrast CT. T2-weighted MRI shows lesion 
with heterogeneous intensity. Gradient recall echo image shows susceptibility effects (hypointense rim; arrow) at the periphery of the hematoma
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from past bleeding episodes. Histopathological analysis 
demonstrates a strong association between CMBs and 
microangiopathy secondary to lipo/fibrohyalanosis 
and amyloid deposition.[57] The incidence of CMBs in 
populations without neurological disease has been 
estimated to be between 4 and 6%.[60,61] 

It has been proposed that CMBs may be predictors of 
symptomatic HT following thrombolytic therapy for 
acute ischemic stroke. There are reports of increased 
rates of ICH following both intra-arterial and intravenous 
therapy in patients with CMBs.[62,63] This association 
has been particularly compelling in cases where the 
hemorrhage has appeared to occur at the site of a CMB, 
sometimes remote from the ischemic region.[63] A study 
demonstrated that the presence of CMBs independently 
predicted HT of ischemic infarcts, irrespective of 
treatment with tPA.[64] In the BRASIL (Bleeding Risk 
analysis in Stroke by T2*-Weighted Imaging before 
thromboLysis) study, the OR for sICH (following rTPA, 
given within 6 h of stroke onset) in patients with CMBs 
versus patients without CMBs was 2.23.[65] While CMBs 
are likely to be associated with increased risk of early 
hemorrhage after ischemic stroke, it is not clear whether 
thrombolysis necessarily significantly adds to this risk. 
The number of CMBs may also have an impact on the risk 
of hemorrhage.[66] However, this has not been adequately 
evaluated yet. Assessing the absolute risk that CMBs 
represent to potential thrombolysis candidates will 
require a very large number of patients, but at this point 
it does not appear to be excessive.

CT Versus Magnetic Resonance Imaging in 
Acute Stroke Assessment

MRI, specifically DWI, is more sensitive than NCCT for 
detection of early ischemic changes.[40] Using PWI, it is 
possible to obtain a complete visual representation of 
the ischemic penumbra. MRI is also the investigation 
of choice for differentiating stroke from stroke-mimics, 
which is critical in the emergent setting.[67] In addition, 
physician concerns about the ability of MRI to detect 
ICH or subarachnoid hemorrhage are now known 
to be unwarranted. MRI actually provides more 
information about ICH, including etiology in the case 
of secondary hemorrhage, age of blood products and 
previous bleeding events.[68-70] Although multimodal 
MRI provides comprehensive information about 
perfusion and the extent of ischemia, any additional 
benefit over multimodal CT in the first 3 h following 
stroke is controversial.[68,71] MRI technology is costly, less 
accessible hyper-acutely and involves more imaging time 
than CT. CTA and CTP can also reliably demonstrate 
vessel occlusion, and salvageable tissue. However, 
exposure to contrast and a limited coverage of brain 

tissue remain important concerns with multimodal CT.

It has become increasingly clear that the response to 
reperfusion therapy is largely determined by the volume 
of the penumbra. In this context, both multimodal 
MRI and CT are superior to NCCT for delineation of 
salvageable tissue and identification of patients who 
are most likely to benefit from thrombolytic therapy. 
The choice between multimodal MRI and CT, will 
vary between centers, depending on availability, time 
of imaging, and also the characteristics of the patient 
presenting with stroke symptoms.

Conclusion

MRI remains the investigation of choice in patients 
where there is diagnostic uncertainty. It is also one of the 
most practical means of assessing penumbral tissue in 
the acute setting. Although advanced imaging in acute 
stroke does require a significant investment on the part of 
all involved in the care of these patients, it is worthwhile 
in our opinion. In the future, simplified and automated 
assessment tools may facilitate more widespread uptake 
of these techniques. In the meantime, stroke clinicians 
would be well advised to understand the concepts 
underlying MRI acquisition and assessment.
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