
Introduction
The main goals of imaging in ischemic stroke have 
been to establish the diagnosis of ischemic stroke and 
to exclude a nonischemic or hemorrhagic cause of the 
patient’s presentation, eg, brain tumor, intraparenchy-
mal hemorrhage, subarachnoid hemorrhage.1 
	 Recently, imaging of ischemic stroke has been 
revolutionized by developments in imaging modalities 
which enable more rapid and accurate identification 
of acute cerebral infarction. During the same period, 
multiple clinical trials of intravenous and intra-arterial 
thrombolysis, as well as mechanical clot removal 
in the treatment of ischemic stroke, have shown 
that success of interventions depends on the timely 
and accurate imaging detection of acute stroke to 
identify the patients who meet the inclusion criteria 
of therapy. Advances in the imaging of acute stroke 
have the potential to aid in the improved selection 
of patients in whom the benefits of therapeutic 
interventions outweigh its potential risks. Advances 
in stroke imaging techniques allow a more accurate 
detection of an acute stroke, assessment of the state of 
intracranial circulation, parenchymal perfusion, and 
volume of potentially salvageable brain parenchyma.2
	 In order to understand the benefit of imaging 
techniques utilized in the diagnosis and therapy of 
ischemic stroke, it is necessary to comprehend the 
pathophysiology of ischemic stroke and the subsequent 
gross pathologic changes in brain parenchyma that are 
reflected in imaging.

Pathophysiology of Ischemic Stroke and 
Evolution of Parenchymal Damage 
The characteristic imaging findings of ischemic stroke 
may best be understood in the context of the evolution 
of injury to the brain parenchyma. Ischemic stroke is 
caused by a thrombotic or embolic occlusion of an  
 
 

intracranial blood vessel, which results in diminished 
or absent blood flow to the area of brain parenchyma 
that it supplies.3,4 
	 Ischemic injury of brain parenchyma is a result 
of energy depletion, due to the decrease in cellular 
oxygen and glucose, which leads to a cascade of 
events ultimately leading to cell death. The loss of 
stored cellular energy leads to the shutdown of ATP-
dependent cell membrane ion pumps, resulting in 
the loss of ionic gradients, leading to intracellular 
ionic imbalance. Cellular excitotoxicity occurs as a 
result of release, diminished reuptake and excessive 
stimulation by neurotransmitters such as glutamate, 
which binds to and activates NMDA and AMPA 
receptors. Ischemia and reperfusion cause oxidative 
and nitrosative stress to neurons, due to the adverse 
actions of reactive oxygen and nitrogen radicals. The 
most significant mechanism of neuronal death in 
ischemic stroke is the apoptotic cascade, which causes 
the loss of integrity of neuronal membranes and the 
failure of organelles. Subsequent inflammation of the 
wall of blood vessels and brain parenchyma propagates 
tissue damage.5-7

	 The combined effects of cytotoxic and vasogenic 
edema cause swelling and mass effect on adjacent 
brain parenchyma. Within minutes of the ischemic 
event, an ionic imbalance develops within neurons, 
leading to the intracellular accumulation of sodium. 
Cytotoxic edema occurs as a result of water entering 
the cell in order to maintain osmotic equilibrium. 
Within the first days to weeks after infarction, the 
cytotoxic edema increases, and resolves within one 
month. Within hours to days of the infarction, 
vascular injury caused by the ischemic stroke creates 
an increase in permeability of brain capillaries, leading 
to extravasation of serum proteins and plasma into 
adjacent parenchyma, or vasogenic edema. In the 
chronic stage after infarction (>3 months), volume 
loss and gliosis of the affected gray and white matter 
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occurs, accompanied by parenchymal atrophy and 
Wallerian degeneration and rarely, calcification.8-10

	 In the setting of acute ischemic stroke, the extent 
of parenchymal injury is dependent on the relative 
decrease in cerebral blood flow (rCBF). Normal 
cerebral blood flow in the adult brain is estimated to be 
between 45–65 mL/100 g/min, with baseline cerebral 
blood flow in gray matter in the range of 60–70 ml/100 
g/min, which is significantly greater than CBF in white 
matter, at 20 ml/100 g/min.5,11-13 

	 Hypoperfusion indicates values below this level. 
When rCBF drops below approximately 25–30 ml/100 g/
min, neurologic impairment is observed. The electrical 
failure of brain parenchyma occurs between 16–20 
ml/100 g/min, and cytotoxic edema is observed at 
10–12 ml/100 g/min. At rCBF levels below 10 ml/100 
g/min, metabolic failure of tissue is observed.11,12,14  

Figure 1. Flow thresholds for preservation of function 
and morphology of brain tissue. (Source: Heiss WD, 
Graf R, Grond M and Rudolf J. Quantification of 
Neuroimaging for the Evaluation of the Effect of 
Stroke Treatment. Cerebrovasc Dis 1998;8(suppl 2):23–29).

Hypoperfused tissue may be divided into several 
principal compartments, based on the likelihood of 
survival. At CBF levels below 18 – 20 ml/100 g/min, 
ischemia places the tissue at risk for irreversible 
damage unless blood flow is restored. When CBF is 
between 10 and 20 ml/100 g/min, cell death may occur 
between minutes to hours, and when CBF falls below 
10 mL/100 g/min, infarction occurs within minutes. 
The core of the infarction represents tissue which has 
been irreversibly damaged due to insufficient blood 
supply.1,12,13

	 The ischemic penumbra is tissue that has impaired 
function but preserved integrity due to the reduction 
of blood flow to less than the penumbral threshold 
but greater than the threshold of infarction. The 
ischemic penumbra is further defined by abnormal 
neural function which may be correlated with clinical 

symptoms, possessing characteristics of cellular 
dysfunction but not death, as well as having an 
uncertain fate. The basis of current therapy for acute 
stroke is the salvage of the ischemic penumbra by 
restoring blood flow, which has been shown to improve 
clinical outcomes.12,15

Computed Tomography (CT) Findings in 
Ischemic Stroke
In the acute imaging of ischemic stroke, there are 
several roles for CT imaging. Noncontrast CT can 
differentiate ischemic stroke from hemorrhagic stroke 
in the acute clinical setting, which has a significant 
implication on therapy.16 The identification of a 
significant hemorrhage in acute stroke is crucial, since 
this is a contraindication to thrombolytic therapy. 
The location and extent of brain parenchyma and 
vasculature affected by ischemic stroke may also be 
identified by CT. 
	 The CT findings in ischemic stroke vary by the 
amount of time post-ictus. Contrary to the accepted 
notion that hyperacute infarction has no signs on 
plain CT until four to six hours after infarction, 
abnormalities may be seen in 75% of patients with 
a large middle cerebral artery (MCA) stroke within 
three hours of stroke onset.1,16,17

	 One of the early signs of ischemic stroke on CT is 
hyperattenuation of the occluded artery. For example, 
an occlusion of the proximal MCA may be seen as 
high density within the vessel due to a thrombus or a 
calcified embolus which inhibits blood flow to distal 
MCA segments. The hyperdense MCA (HMCA) 
sign may be confirmed by comparing the density of 
the infarcted proximal MCA with the contralateral 
MCA to verify that it is in fact asymmetrically 
hyperdense.1,16

Figure 2.  The arrow points to a hyperdense M1 
segment of the left middle cerebral artery (MCA) 
due to an intraluminal thrombus, causing an acute 
infarction in the distribution of the left MCA.
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Within six hours of infarction, cytotoxic edema of 
affected brain parenchyma can cause a loss of definition 
of the border between gray and white matter, leading 
to several findings.1,18 In infarctions involving the 
MCA, the loss of clear definition in the junction 
between gray and white matter in the lateral insula is 
known as the loss of the insular ribbon (insular ribbon 
sign). The lentiform nucleus may also be obscured 
due to hypodensity of the surrounding area. Brain 
edema, causing localized mass effect will result in sulcal 
effacement and unilateral ventricular compression. 

Figure 3. Acute large left MCA distribution infarction 
with brain edema with effacement of sulci within the 
left cerebral hemisphere with mass effect on the left 
lateral ventricle causing effacement and a subfalcine 
herniation to the right.

Mass effect increases until three to five days after the 
ictus, and after four weeks, mass effect resolves and the 
lesion is characterized by chronic hypodensity due to 
the loss of parenchyma.1,16

	 Within 24 hours of an ischemic event, an indistinct 
area of low density develops in the distribution 
of occluded vessel. Between the second and third 
weeks after the infarction the CT fogging effect may 
occur, which denotes the change from low density to 
isodensity in the distribution of the infarcted vessel in 
20–40% of large infarctions. This change in density 
is thought to occur due to the influx of macrophages, 
capillary proliferation, hemorrhagic transformation 
of the lesion and net decrease in water in the lesion. 
After four weeks, the infarcted area reverts back to a 
low density area. Persistent hyperdensity may occur in 
the cortex if laminar necrosis has taken place, leading 
to deposition of compounds such as heavy metals  
or calcium.1,19,20 

	 Contrast enhancement of the lesion may be 
observed if the blood-brain barrier has been disrupted 
by the infarction, and if the contrast is able to reach 

the ischemic area. If enhancement is seen within 24 
hours, the embolus has moved distal to the area of 
occlusion, or the embolus is affecting an area with good 
collateral circulation. Between the second and third 
weeks post infarction, enhancement may be seen in 
70% of lesions. The shape of the area of enhancement 
is typically gyriform if the ischemic area involves the 
cortex, or ring-shaped if it involves deeper structures 
such as the brain stem or basal ganglia. The CT 
enhancement of infarction may last for several weeks, 
typically resolving after four weeks.1

Magnetic Resonance Imaging (MRI) 
Findings in Ischemic Stroke 
Magnetic Resonance has been shown to be as sensitive 
as CT to rule out acute parenchymal hemorrhage 
in the imaging of acute stroke. The MRI findings in 
ischemic stroke depend on the size and location of 
the infarction, and most significantly, on time from 
the ictus. Acute findings are seen on T1-weighted, 
T2-weighted, and T2 FLAIR imaging within the first 
6 to 12 hours, and typically develop within the first 24 
hours of the ischemic event.9,21

Figure 4. T2 FLAIR weighted axial image showing 
acute left PCA distribution infarctions with 
involvement of the left thalamus, left paramedian 
occipital lobe and left posterior temporal lobe.

Immediately after a stroke, the occlusion of an 
intracranial vessel may be seen as T2 FLAIR hyper-
intensity from within the vessel. The absence of flow 
results in the loss of the normal flow void which is 
normally seen with flowing blood.1,9,16

	 Gross morphologic changes of brain parenchyma 
may precede signal changes of areas affected by 
infarction. Within a few hours of the infarction, 
swelling of the cortex may be observed on T1 and 
FLAIR imaging. Within 12 hours of the infarction, 
edematous change is typically observed on T1WI in the 
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form of sulcal effacement, edema of gyri, and the loss 
of the interface differentiation between gray and white 
matter. Mass effect appears between 12 and 24 hours 
of the stroke, begins to resolve after 4 to 7 days, and is 
absent within 8 weeks. In the chronic stage (months 
to years), volume loss may be observed in the area 
of affected vascular distribution with compensatory 
enlargement of sulci, cisterns and ventricles. 1,9,16 
	 Accompanying the gross changes in brain 
parenchyma are changes in signal intensity on T1 and 
T2 weighted imaging, depending on the elapsed time 
following infarction. Within eight hours, cytotoxic 
edema within the gray matter of the affected area is seen 
as hyperintensity on T2 weighted imaging.1,18 Within 
16 hours, the lesion has low signal intensity on T1 
weighted imaging. These T1 and T2 weighted imaging 
signal abnormalities are most prominent 1–2 days post 
infarction.16 The persistence of T2 hyperintensity is 
a chronic finding in ischemic stroke on MR imaging, 
due to gliosis and encephalomalacia that develop in 
affected areas of brain parenchyma.9,10 

	 However, within 1–8 weeks, the T2 fogging effect 
may be noted as the abnormal T2 signal hyperintensity 
partially resolves.16 The fogging effect is due to the 
same etiologies as seen in the CT fogging effect (influx 
of macrophages, capillary proliferation, hemorrhagic 
transformation of the lesion and net decrease in water 
in the lesion), and may lead to the underestimation 
of the size of the lesion in its chronic stage. The 
fogging effect may be avoided with the use of contrast 
enhancement to better visualize the lesion.19,20

	 Immediately after large embolic occlusion, para-
magnetic contrast enhancement may be observed 
within the vasculature adjacent to the lesion, most 
commonly observed in cortical lesions but also in 
lesions of the subcortical gray or white matter. The 
association of increased intravascular enhancement 
and better outcomes implies sufficient circulation to 
the lesion via leptomeningeal collaterals, which bridge 
ACA and MCA, PCA and MCA, superior cerebellar 
artery and PCA, and major cerebellar hemispheric 
arteries. Between 12 and 24 hours, contrast enhance-
ment of the meninges adjacent to the infarcted 
area may be seen. Between one and three days post 
infarction, intravascular and meningeal enhancement 
begins to diminish, while contrast enhancement of the 
parenchyma starts to develop. Parenchymal contrast 
enhancement is most prominent between four to seven 
days post infarction, and may persist for up to eight 
weeks. As seen with contrast CT imaging, the amount 
of parenchymal contrast enhancement is correlated 
with the amount of collateral circulation supplying the 
lesion, as earlier and more intense enhancement may 

be related to increased collateral blood supply.1,16,21-23

 	 Hemorrhagic transformation of tissue in ischemic 
stroke may be seen within one to three days due 
to the breakdown of the blood brain barrier, and is 
apparent in 25% of lesions by one week post-infarction. 
Hemorrhagic changes become chronic by eight weeks, 
when the hemorrhagic residua of hemosiderin and 
ferritin are seen as T1 and T2 hypointensity.9,16,24

Magnetic Resonance Diffusion Weighted 
Imaging (DWI)
The development of diffusion weighted imaging (DWI) 
has revolutionized the imaging of acute ischemic 
stroke because it enables the accelerated identification 
of acute infarction and the ability to discriminate 
between acute and chronic lesions that result from 
infarction.9,25 
	 The DWI measures differences in the movement 
of tissue water molecules based on random Brownian 
motion of water molecules. The extent of water 
diffusion in tissue depends on the observation time 
as well as the presence or absence of barriers, such as 
cell membranes, organelles, or macromolecules. The 
apparent diffusion coefficient (ADC) represents the 
weighted average of intracellular and extracellular 
compartment diffusion coefficients, and is a measure 
of the relative freedom of water diffusion. Diffusion 
is slower in the intracellular space compared to the 
extracellular space, as the free movement of water is 
potentially obstructed by barriers at the molecular and 
cellular level. This may be represented by a diffusion 
weighted image, where areas of brain parenchyma 
with low ADC values due to restricted diffusion are 
rendered as areas of hyperintensity. This can also be 
represented on an ADC map, where the same area 
would be displayed as an area of decreased signal or 
hypointensity.1,18,26-28 

	 In ischemic stroke, one of the theories behind 
the restriction in water diffusion within areas of acute 
infarction is the shift of water from the extracellular 
compartment to the intracellular compartment, causing 
cytotoxic edema. Cytotoxic edema corresponds to high 
signal intensity on DWI due to restricted diffusion, 
while vasogenic edema causes low signal intensity 
on DWI due to increased diffusion. While there 
are cases of reversible diffusion abnormalities in the 
setting of hyperacute stroke, the area of increased 
signal on DWI in lesions of acute stroke is generally 
believed to represent the area of irreversible core of 
ischemic infarction. Clinical outcome in stroke has 
been correlated with the volume of the lesion within 
48 hours in DWI.1,26-28
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Figure 5A. CT of a patient with acute right sided 
weakness, without definite acute abnormality.

Figure 5B. Diffusion weighted imaging obtained 
immediately following head CT in the same patient 
demonstrates well-delineated acute infarction involving 
the left corona radiata.

	

In animal experiments of DWI imaging of ischemic 
stroke, signal changes within brain parenchyma have 
been observed within two to three minutes.1 While 
DWI generally reveals signal changes within 30 
minutes in humans, case reports have revealed more 
rapid DWI identification of ischemic stroke, in as little 
as 11 minutes.1,29 The low diffusion signal on an ADC 
map and high signal intensity on DWI, resulting from 
ischemic stroke, lasts between 10 days and 2 weeks. 
In the chronic phase (>2 weeks), the ADC signal 
undergoes “pseudonormalization” and elevation due  
to encephalomalacia, with increased water diffusion 
and gliosis.1,25,30

	 Imaging via DWI can help differentiate between 
acute and chronic stroke lesions as well. Both cytotoxic 

edema secondary to acute infarction and gliosis 
secondary to chronic infarction have hyperintense 
signal characteristics on T2 weighted imaging. 
Although a lesion from a chronic infarction will have 
high signal on T2 weighted imaging, it will have an 
isointense signal to normal brain parenchyma on DWI, 
as opposed to a hyperintense signal on DWI in an 
acute infarction.1,25 

	 It is important that DWI imaging be correlated with 
T2 weighted images as well as the ADC map.31 Since 
most DWI imaging techniques have T2 weighting, the 
shine through effect may be observed. This effect causes 
lesions that have high signal intensity on T2 weighted 
imaging to be seen as areas of mild hyperintensity on 
DWI. In this instance, the ADC maps will correctly 
delineate between acute lesions, with lower signal 
intensity and chronic lesions, which will have higher 
signal intensity.1

CT Angiography (CTA) and  
MR Angiography (MRA)
Both CTA and MRA provide noninvasive methods in 
the evaluation of cerebral vasculature in the setting of 
acute stroke.1 The CTA and MRA can demonstrate 
the location of a lesion as well as provide further 
information as to the possible etiology of a thrombus or 
embolus, the site where thrombolysis may be targeted, 
as well as the patterns of collateral circulation to an 
area of affected parenchyma.2
	 There are three methods of MRA: time of flight 
(TOF), phase contrast (PC) and contrast enhanced 
angiography. The TOF technique is based on the flow 
related enhancement caused by protons which are not 
immediately exposed to a radio frequency pulse. This 
technique is sensitive to flow related enhancement 
which is predominant in slow or moderate flow. 
The PC technique tags moving spins in order to 
track positional change and create an angiographic 
image based on flow velocities. Contrast enhanced 
MRA involves the injection of paramagnetic contrast 
and the use of vascular enhancement to create a 
high resolution image of the intracranial vasculature.1 
Use of MRA has been demonstrated to identify 
proximal occlusions of large vessels, but it has not 
been as reliable in identifying occlusions in smaller,  
distal branches.2
	 The CTA involves the injection of iodinated 
contrast, followed by the acquisition of a 2-dimensional 
data set which is used to demonstrate the cerebral 
vasculature. The CTA is a rapid imaging modality, 
taking less than 30 seconds for the image to be 
acquired. However, the postprocessing of data acquired  
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by CTA involves significant time.1 The CTA has 
been demonstrated to be effective in the evaluation  
of occlusions of large extracranial as well as  
intracranial vessels.2

Figure 6A. Normal 3D time of flight brain MRA 
demonstrating major intracranial arteries in 3D, 
which can be rotated in space for detailed evaluation 
(Figure 6B).

Figure 6B.

Figure 6C. Post processed isolated images of 
vertebrobasilar arteries from a gadolinium bolus  
3-D neck MRA.

Stroke Therapy and Implications  
on Imaging
While in vitro and in vivo experimental models have 
demonstrated several mechanisms of tissue damage 
in ischemic stroke which may be limited or delayed 
by neuroprotective medical treatment, none of these 
treatment approaches has been demonstrated to 
improve outcomes in multiple clinical trials. Therefore, 
current therapeutic interventions for acute stroke 
target rapid restoration of blood flow using intravenous 
or intra-arterial thrombolysis or mechanical thrombus 
extraction for preservation of brain parenchyma.7,32 

	 In 1995, The National Institute of Neurological 
Disorders and Stroke (NINDS) rt-PA Stroke Study 
Group demonstrated that intravenous recombinant 
tissue plasminogen activator (rt-PA, duteplase), 
administered within three hours of a stroke, was 
associated with improved clinical outcome after three 
months when compared to placebo, although with 
increased risk of intracerebral hemorrhage. At 24 hours 
after the onset of stroke, there was no difference in 
neurologic improvement seen in patients treated with 
rt-PA and placebo. However, at three months follow-
up, patients treated with rt-PA were found to have 
statistically significant clinical improvement (global 
odds ratio 1.7), and had an increased likelihood of 
having minimal to no disability of at least 30% compared 
to the placebo group. Intracerebral hemorrhage was 
observed in 0.6% of patients who were treated with 
placebo, while this complication occurred in 6.4% 
of patients who were administered rt-PA. After three 
months, mortality in the rt-PA treatment group was 
17%, while in the placebo group, it was 21%. Based 
on the proven benefit of rt-PA in the NINDS trial, 
the Food and Drug Administration (FDA) approved 
the use of IV administration of recombinant tissue 
plasminogen activator for ischemic stroke in 1996.33-35 
	 The Prolyse in Acute Cerebral Thromboembolism 
(PROACT) studies were randomized, controlled 
studies which evaluated the direct, trans-catheter intra-
arterial administration of recombinant pro-urokinase  
(rpro-UK) into the body of a thrombus. In 1998, the 
PROACT I trial demonstrated that IA administration 
of rpro-UK (alteplase) aids in recanalization (57% of 
patients) of proximal MCA occlusion when administered 
within six hours of stroke onset, versus 14% of patients 
treated with placebo. Intracerebral hemorrhage was 
observed in 15% of patients treated with rpro-UK versus 
7%, and was correlated with the concomitant dose  
of heparin.36-38

	 In 1999, the PROACT II trial demonstrated a 
15% absolute and 58% relative increase in positive 

16 • Carle Selected Papers Vol. 51 No. 1 • Fundamental and Advanced Imaging Techniques in the Treatment of Acute Stroke Patients



1 • Carle Selected Papers Vol. 44 No. 1 • 

outcomes in patients treated with IA rpro-UK. The 
PROACT II trial also demonstrated MCA revascular-
ization in 66% of patients treated with IA rpro-UK, 
versus 18% of the control group. Intracerebral hemor-
rhage was observed in 10.9% of the treated group and 
in 3.1% of controls, although overall mortality was not 
significantly different between the two groups, with 
25% and 27%, respectively.37,39

	 The Interventional Management of Stroke (IMS) 
II Trial was a safety and feasibility study to obtain pre-
liminary data for a randomized trial that compared the 
use of intravenous rt-PA with a combined intravenous 
and intra-arterial approach. The IMS II trial found 
that the mortality at three months was lower (16%) 
than patients treated with placebo (24%), as well as 
patients treated with rt-PA in the NINDS trial (21%). 
Intracerebral hemorrhage was observed in 9.9% of 
treated patients, which was not significantly different 
than patients treated with rt-PA in the NINDS trial. 
Additionally, patients who received treatment had 
better outcomes (global odds ratio >=2.7) than pla-
cebo patients in the NINDS trial, as well as patients 
treated with rt-PA in the NINDS trial. The IMS II 
trial was followed with the currently ongoing IMS III 
trial, which aims to evaluate if a combined intrave-
nous and intra-arterial rt-PA is superior to intravenous 
rt-PA in achieving the outcome of recanalization, if 
patients are treated within three hours of the onset of  
ischemic stroke.40-42

	 In 2005, the Mechanical Embolus Removal in 
Cerebral Ischemia (MERCI) Trial revealed that an 
endovascular embolectomy device was able to restore 
blood flow in ischemic stroke within eight hours of 
the onset of symptoms. The MERCI Trial demon-
strated MCA revascularization in 45% of patients, 
when compared to the spontaneous recanalization 
rate observed in PROACT II. Procedural complica-
tions which caused clinically significant adverse effects 
were observed in 7% of patients, while fracture of the 
device, which occurred in 3% of treated patients, was 
correlated with the death of 2 patients (1.4%). Based 
on the results from the MERCI Trial, the mechanical 
embolectomy device received FDA approval in 2004 
in order to provide a therapeutic option for patients 
who do not meet the criteria for thrombolysis based on 
time frame or contraindications.43,44

	 The development of thrombolytic therapy increas-
es the necessity to reliably and rapidly identify stroke 
within the time limit in which the benefits of throm-
bolytic therapy have been demonstrated to outweigh 
its risks. Current imaging techniques should not only 
detect the presence of an acute infarction and possible 

associated hemorrhage, but also ascertain the pres-
ence and measure the volume of ischemic penumbra, 
or area of ischemic but potentially salvageable tissue 
for appropriate selection of those patients who would 
benefit from such aggressive therapies without expos-
ing patients to unreasonable risks. The development of 
MR diffusion and perfusion weighted imaging, as well 
as CT perfusion imaging, allows detection and identi-
fication of the extent of ischemic penumbra. 

CT and MR Perfusion Weighted  
Imaging
The technique of perfusion weighted imaging (PWI)
may be used in combination with diffusion weighted 
imaging to delineate the area of brain parenchyma 
affected by decreased blood flow, and to characterize the 
ischemic penumbra which therapy aims to preserve.
	 In ischemic stroke, the area of abnormal perfusion 
is thought to encompass the ischemic core, as well 
as the ischemic penumbra, which is at risk for death 
but which may be salvaged by reperfusion.1 A CT 
and MR perfusion weighted imaging can characterize 
the change in blood perfusion to brain parenchyma 
according to several parameters. Relative cerebral 
blood volume (rCBV) is the volume of blood per unit 
of brain tissue, which is normally 4–5 mL/100 g. Mean 
transit time (MTT) is the difference in time between 
arterial inflow and venous outflow of blood, which has 
been measured to be between three to five seconds in 
cerebral cortical regions of normal subjects. Relative 
cerebral blood flow (rCBF) is calculated by the ratio of 
rCBV to MTT.1,18,26,45

	 There are several techniques of MR perfusion 
imaging, including dynamic contrast-enhanced 
susceptibility-weighted perfusion imaging and arterial 
spin labeling techniques. The dynamic contrast-
enhanced susceptibility technique tracks the passage 
of an injected bolus of an exogenous paramagnetic 
contrast agent (ie, gadolinium) through the brain as a 
series of T2 weighted images is acquired. The arterial 
spin labeling technique is an endogenous contrast 
technique which “tags” hydrogen-1 protons in water 
molecules within arterial blood to a slice, which can 
then be used to quantify blood flow using the perfusion 
parameters.1,46,47 
	 The most commonly used MR perfusion technique 
is the dynamic contrast-enhanced susceptibility 
technique. Information from this technique is used to 
generate a curve of signal intensity over time, which 
is converted to contrast concentration over time, 
and used to derive the perfusion parameters of rCBF, 
rCBV and MTT using a deconvolution technique.  
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This information is then used to generate perfusion 
maps of rCBV and MTT. 1,45,47

	 There are two methods of CT perfusion imaging; 
dynamic contrast-enhanced perfusion imaging and 
perfused blood volume mapping.45 Dynamic contrast-
enhanced perfusion CT uses the multicompartmental 
tracer kinetic model to track an injected bolus of 
iodinated contrast as it travels through the cerebral 
circulation.18,45 The injected bolus of contrast causes 
an increase in attenuation that is related to the amount 
of contrast in a ROI. This information is used to 
derive curves that represent attenuation over time for 
arterial and venous blood. The perfusion parameters 
can be subsequently derived from this information 
using deconvolution analysis. Information derived 
from dynamic contrast-enhanced perfusion imaging 
may also be used to generate color perfusion maps 
of rCBV, rCBF and MTT, in order to enable visual 
identification of areas of decreased perfusion.45 In 
the past, the shortcoming of CT perfusion imaging 
was limited coverage of the brain, but with the latest 
software upgrades, the coverage area has increased to 8 
cm, or sixteen 5 mm axial slices, which should cover 
most of the supratentorial brain.12 

	 Images A-F of the insert nicely illustrate the 
application of advanced MR imaging techniques in 
the evaluation of acute stroke.  These images depict 
an example of acute infarctions in a patient with 
underlying chronic microvascular ischemic disease. 
Diffusion weighted imaging clearly demonstrates new 
infarcts as areas of hyperintensity within a background 
of chronic white matter infarctions within cerebral 
hemispheres, primarily within the left cerebral 
hemisphere. Perfusion MRI demonstrates decreased 
relative cerebral blood flow and relative cerebral blood 
volume with increased mean transit time.

Conclusion
Computed Tomography and Magnetic Resonance 
Imaging have revolutionized the diagnosis and 
treatment of stroke in their ability to rapidly and 
accurately detect and localize the presence of an acute 
infarction. The development of diffusion-weighted 
imaging further shortened the time to diagnosis in 
acute ischemic stroke and increased the specificity  
of the diagnosis of a new stroke in the presence of  
old strokes.
	 The development of intravenous thrombolysis,  
intra-arterial thrombolysis and mechanical clot removal 
techniques has increased the range of therapeutic 
options for acute stroke patients. These techniques 
have been shown in multiple trials to improve the 

outcome of the subgroup of acute stroke patients 
who meet appropriate treatment criteria. Advanced 
imaging techniques such as perfusion CT and MRI 
techniques hold promise in providing additional 
functional information about the physiologic state of 
an acute stroke patient in terms of cerebral blood flow, 
cerebral blood volume, and mean transit time.  The use 
of these state-of-the-art imaging techniques can help 
correctly triage acute stroke patients to maximize the 
benefits of therapeutic interventions while minimizing 
the risks inherent to these interventions.
	 One of the most significant challenges in the 
therapy of acute stroke is in the timing of patient 
arrival to a treatment center. Studies have shown that 
approximately one fifth (22–27%) of patients arrive 
to an ED within the three hour time frame of stroke 
therapy, but only approximately 8% of ischemic stroke 
patients who arrive to an ED qualify for rtPA. There 
are many factors that contribute to the delay in arrival 
to an ED for acute care, including limited awareness 
of stroke signs and available treatment options by 
patients, as well as delays in emergent transport to a 
certified stroke center.48,49 

	 Today, rapid and accurate diagnosis and thera-
peutic intervention of acute stroke patients require 
an interdisciplinary and multidisciplinary approach 
in the setting of a comprehensive stroke program.  
In 2005, the American Stroke Association’s Task Force 
on the Development of Stroke Systems emphasized 
the integration of multiple components in stroke  
prevention, treatment, and rehabilitation: primordial 
and primary prevention, community education, noti-
fication and response of emergency medical services, 
acute stroke treatment, including the hyperacute and 
emergency department phases, subacute stroke treat-
ment and secondary prevention, rehabilitation, (and) 
continuous quality improvement (CQI) activities.50

	 In 2005, the Brain Attack Coalition issued a 
recommendation statement on the establishment of 
acute stroke centers.51 This statement outlines the 
requirements for a comprehensive stroke center to 
be able to deliver specialized care for patients with 
cerebrovascular disease: (1) healthcare personnel 
with specific expertise in a number of disciplines, 
including neurosurgery and vascular neurology; (2) 
advanced neuroimaging capabilities such as MRI and 
various types of cerebral angiography; (3) surgical and 
endovascular techniques, including clipping and coiling 
of intracranial aneurysms, carotid endarterectomy, and 
intra-arterial thrombolytic therapy; and (4) other 
specific infrastructure and programmatic elements 
such as an intensive care unit and a stroke registry. 
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The statement concludes that a comprehensive stroke 
center which integrates these resources is likely to  
improve outcomes of patients who suffer from stroke 
and cerebrovascular disease.51

	 A comprehensive stroke center has several 
components that integrate these recommendations. 
First, it requires a widespread community-based 
educational program of the general population which 
aims to promote the reduction of risk factors for 
primary prevention of strokes as well as increase the 
early recognition of signs and symptoms of acute stroke. 
Second, it requires an organized EMS infrastructure 
that allows for a rapid transport of a patient to 
the stroke center. Finally, rapid clinical assessment 
and CT and MR imaging of the patient need to be 
performed to make the diagnosis of acute stroke and 
to assess location, size and perfusion state of brain 
parenchyma affected by stroke at the time of the 
patient’s presentation. The combination of clinical 
and imaging information would be used to make 
appropriate treatment decisions which could include 
intravenous and/or intra-arterial thrombolysis or intra-
arterial mechanical clot extraction.
	 Such a comprehensive approach to the prevention 
and acute management of ischemic stroke would require 
a significant investment in resources by institutions, as 
well as effective collaboration by physicians on an 
interdisciplinary stroke team in order to maximize  
the benefit and minimize the risk in the management  
of ischemic stroke patients. Ultimately, the 
establishment of comprehensive stroke centers should 
be justified by a population-based outcomes analysis 
that demonstrates the cost-effectiveness of such a 
program, based on an evaluation of resource utilization 
and final clinical outcomes in terms of the reduction in 
long-term morbidity and mortality in the acute stroke 
patient population.
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CME Questions 2a-d
Please select the best answer for the following:

2a.	 The main goal of imaging in ischemic stroke  
	 is to:
	 a.	 Diagnose ischemic stroke
	 b.	 Exclude non-ischemic stroke
	 c.	 Rule out brain tumor
	 d.	 All of the above

2b.	 Ischemic injury of brain parenchyma is a result  
	 of energy depletion.
	 a.	 True
	 b.	 False

2c.	 Within 24 hours of an ischemic event an
	 indistinct area of low density develops in the 	
	 distribution of occluded vessel.
	 a.	 True
	 b.	 False

2d.	 Diffusion weighted imaging cannot differentiate 	
	 between acute and chronic stroke lesions.
	 a.	 True
	 b.	 False
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