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Imagingin Acutelschemic Stroke
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Abstract : With recent advancesinimaging and efficacioustreatment of cerebral ischemia, therole of imaging and
neuroradiologist has become central from peripheral. CT scan can be done as an initial imaging of clinically
suspected patient of stroke mainly to rule out hemorrhage and stroke mimickerslike masslesion. CT angioplasty
and perfusion imaging can be performed to look for major vessel occlusion and tissue at risk. MR imaging is
better imaging modality to diagnose acute i schemic stroke with use of diffusion weighted imging. Perfusion and
diffusion mismatch are very much suggestive of salvgeable brain parenchyma. MRA and MRS can be further
supportivein strengthening the diagnosis of ischemic stroke. DSA and intravenous and intraarterial thromboly-
sisare established ways of treatment of acute i schemic stroke patients when performed within 6 hour s of onset of

symptoms (window period).

INTRODUCTION

Stroke is an injury to the central nervous system that is
characteristically abrupt in onset and dueto avascular insult. The
termisreflective of damage to the brain secondary to ischemiaor
hemorrhage. It is the number three cause of mortality and the
number one cause of disability in adults in the United States.
Strokes are ischemic approximately 80% of the time, and until
recently, there was no available beneficia interventiont. In 1995,
the published results of the National Institute for Neurological
Diseases and Stroke (NINDS) recombinant tissue plasminogen
activator (rt-PA) trial represented the first demonstration of
efficacioustreatment for acute cerebral ischemig?. Thishasredefined
the role of the radiologist and neuroimaging from peripheral to

central in the management of acute cerebral ischemia.

COMPUTED TOMOGRAPHY

Computed tomography (CT) is an established basic and most
important tool for the diagnosis of ischemic or hemorrhagic stroke.
CT imaging protocol for ischemic strokeincludes- Non Enhanced
Scan, CT perfusion and CT angiography on multislice scanner.
Nonenhanced CT can help exclude hemorrhage and detect “ early
signs’ of infarction but cannot reliably demonstrate irreversibly
damaged brain tissue in the hyperacute stage of ischemic stroke.
Dynamic contrast enhanced CT scan or Perfusion CT provides
information about brain perfusion, which permits differentiation
of irreversibly damaged brain tissue from reversibly impaired
“tissue at risk”.

CT angiography can help detect stenosisor occlusion of extraand
intracranial arteries. Use of these three imaging techniques -
nonenhanced CT, perfusion CT and CT angiography - assist in
rapidly obtaining comprehensiveinformation regarding the extent

of ischemic damage in acute stroke patients.

NONENHANCED COMPUTED TOMOGRAPHY (CT)

Used until thelate 1980s primarily to exclude hemorrhagein patients
with acute stroke. Requirementsfor diagnosticimaging in patients
with ischemic stroke changed as aresult of the 1995 study by the
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National Institute of Neurological Disordersand Stroke (NINDS)2
With theinterruption of blood flow, the energy needsare no longer
met, resulting in cytotoxic edema, whichisdefined ascellular injury
withinflux of fluid intheintracellular space without anincreasein
vascular permeability?.

Neurons, located in gray matter are the most sensitive cell to
ischemia. Initially these are more dense than the white matter, later
becomesincreasingly lessdensewith anincreasein water content.

The CT signs of acute cerebral infarction (Fig.1) :

Fig.l CT scan brain showi ng awell defined hypodense
wedge shape area of infarct involving head of
left caudate nucleus

(@  blurring of the clarity of the internal capsule,

(b)  lossof distinctness of the insular ribbon cortex,

() lossof differentiation between the cortical gray matter and
the subjacent white matter*> and

(d) Due to the accumulation of intracellular fluid causing
swelling of the Gray matter. This results in effacement of
the spaces demarcted by thegyral infoldings (sulci) known

as“sulcal effacement”®.
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The* hyperdense MCA sign” issecondary to an emboluslodgedin
theMCA. Thisresultsin increased attenuation in the first segment
of the MCA’. Angiographic correlation has demonstrated a
corresponding thrombus. Thissign isassociated with worse patient
outcomes. A similar “hyperdense” vessel sign has been described
for the basilar artery. Whereas prominence of the parenchymal
changes associated with vascular occlusion are a contraindication
to thrombolysis, the “hyperdense MCA sign” signifies a vascular
occlusion and a need for intervention when detected within the
treatment window. However false positive hyperdense MCA sign
can be seen in polycythemic, vessel calcification, post contrast
scansand dehydrated patients and fal se negativein anemic patients.
Administration of contrast material may be helpful in delineating
infarcts in the subacute period when there may be obscuration of
theinfarct by “ fogging” 8. Fogging is described asthe phenomenon
of an area of previously hypoattenuating infarction evolving to a
state of isoattenuation between days 14 and 21 after infacrtion;
this occurrence was believed to be secondary to small potechial
hemorrhages or infiltration of the infarcted tissue with
macrophages’. Although difficult to see on a nonenhanced studly,
the area of infarction intensely enhances at the periphery.

In summary, nonenhanced head CT hasaclearly defined roleinthe
current management of acute stroke. A CT scan for the exclusion of
hemorrhage. CT isappealing asanimaging study inthat it iswidely
available, can be performed quickly and safely on criticaly ill
patients, and isrelatively inexpensive. Further, its utility has been
provedinlarge-scaeclinicd trials.

Limitation of NCCT in stroke : (1) Up to 60% of CT scans are
normal in the first few hours after ischemic insult. (2) Another
10%-20% had arterial dissections, occlusions sites not readily
susceptible to thrombolysis, or minor branch occlusions that
without intervention have afavorable natural outcome™. Thelack
of sensitivity and specificity in the diagnosis of stroke limits the
attainable benefit.

CT PERFUSION

Viabhility of thecerebral parenchymaisdependent on cerebral blood
flow (CBF). The assessment of cerebral perfusionin patientswith
acute stroke, in a clinically relevant time frame, is of utmost
importance for patient selection before thrombolytic therapy.
Quantitative mapping of CBF to indicate the severity and potential
reversibility of neuronal damage can be used to predict which brain
tissue will be salvaged with reperfusion or die without it
(pneumbra), as well as which brain tissue is aready infarcted.
Perfusion CT offersanumber of practical advantageslikeit can be
performed immediately after unenhanced CT and used in general
to exclude cerebral haemorrhage. It isfast (typical proceduretime
< 5 min) and does not require specialized computer hardware.

Limitationsof CT perfusion : (1) Limited samplevolume. Whole
brain cannot be studied even with newer 64 slice CT scan. (2)
Patient motion causes false registration of perfusion values and
hence incorrect results. (3) Beam hardening due to any reason

causes interpretation of perfusion study fallacious®.

CTANGIOGRAPHY
Computed tomographic (CT) angiography is a new method for
evaluating vascular anatomy. Making use of slip-ring technology
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and multi slice CT scan, visualization of vascular anatomy after
intravenously adminstered iodinated contrast medium has been
recently been shown to bereliable aternative to MR angiography
in the detection of arterial anatomy in the circle of Willis. It has
shown promise in the evalution of carotid bifurcation disease as

well asfor intracranial aneurysms and vascular malformations®.

MRI

Thediagnosisof intracerebral hemorrhage (ICH) isstill adomain
of CT rather than MRI, especially in acute stroke. The key
substrate for MRI visualization of hemorrhage is
deoxyhemoglobin, which causes a signal loss in T2-weighted
imaging (T2-W1) because of paramagnetic susceptibility effects,
although usually not within the first 12 to 24 hours. MRI has
proved superior to CT scan in diagnosis of ischemic stroke with
recent introduction of new multimodal MRI (mMRI) techniques
such asdiffusion and perfusion-weighted imaging (DW1 and PW1)
hasimproved diagnostic imaging in hyperacute ischemic stroke'.
Diffusion weighted MRI (DW1) can render ischemicfieldsvisible
within minutes of ischemia onset and extent of ischemia.

Magnetic resonance angiography (MRA) allows rapid
characterization of the cervical and cephalic large vessels. MRA
detects and grades cervical internal carotid stenosis with an
accuracy of 85% to 96% compared with digital subtraction
angiography. With the use of MRS, stenosis and occlusions of
intracranial vessels are identified with 80% to 100% sensitivity
and specificity compared with catheter angiography?®.

Together, DW1 and cervical and cephalic MRA havethe potential
to identify the site of brain ischemia and the site of large vessel
disease within the first hours after stroke onset and hospital

admission, providing detailed pathophysiological information.
CONVENTIONAL MRIMAGING

Acute infarcts are better and more visible on MR images than on
CT scans, with over 80% of MR images positive in the 1st day
compared to 60% of CT scans. MR imaging is particularly superior
in the detection of stroke in the posterior fossa where CT is
limited due to beam-hardening artifact from the adjacent skull
base. Lacunar infarcts and small cortical strokes are also seen
with higher conspicuity?.

The earliest MR changes are loss of normal intravascular flow
voids, morphologic swelling of the gray matter and increased
signal intensity on the T2 weighted and intermediated-weighted
images. There is normally a loss of intraarterial signal with
standard spin-echo (SE) sequences, referred to asa*“ flow void”

in low-or-no flow states, there is aloss of the “flow void” such
that signal intensity isdemonstrated intheinvolved vessel. Similar
tothe“hyperdense MCA sign” in CT, absence of flow ininvolved
vesselscan be seenimmediately after occlusion. Theearliest signal
intensity changes usually involve the gray matter, with the white
matter typically appearing normal in the first 24 hours.
Intermediate-weighted images enable differentiation of lacunar
infarctsfrom perivasculr spaces, the former hyperintense and the
|atter isointense to CSF.

Intravenous contrast material can provide additional information.
Vascular enhancement can be seen in cortical infarcts up to 75%
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of thetime. Thisisbelieved to be due to slow flow in theregion
of theinfarction. Meningeal enhancement can also be seen acutely
in approximately 33% of patients, possibly due to meningeal
inflammation. Both types of enhancement resolve toward the
end of the 1st week. Administration of contrast material is now
typically reserved for those instances in which MR perfusion
imaging isperformed®’. A fast SE sequence enablesthe acquisition
of T2-weighted imagesin afraction of the time (roughly four to
16 times faster). Modified fast FLAIR and fast SE FLAIR can
reduce imaging time to 2-5 minutes. Acute infarct appears as
hyperintense on T2 weighted and intermediate (FLAIR or PD)

images and iso to hypointense on T1 weighted images (Fig.2).

Fig.2 : MRI brain T2 FLAIR image showing areas of
hyperintensity involving left parietal and few
areas of frontal cortical and sub cortical white
matter suggesing acute ischemic infarct

MRDIFFUSONIMAGING

Cytotoxic oedema which is due to accumulation of intracellular
water minutes after onset of acute cerebral ischemia, causes
restriction (decrease in) of microscopic diffusion of protons. In
diffusionweighted MRI, thisisreflected as decrease of the apparent
diffusion coefficient (ADC). It appears hyperintense on diffusion
weighted images (DW1) (Fig.3).

The apparent diffusion coefficient (ADC) decreased by
approximately 30-50% within 30 minutes after onset of focal
ischemia. Thischange occurswhile other MR imagetypessuch as
T2 or intermediate weighted imagesremain normal. Itisgenerally
believed that the most likely cause of the decreasein ADC values
isthe redistribution of water from theinterstitial to the (diffusion-
restricted) intracellular space, as the energy-dependent Na', K*-

ATPase pumps fail (i.e. the initiationof cytotoxic edema.
MRPERFUS ONIMAGING

Perfusionimaging can detect hypoperfused regions of brain either
by monitoring the transit of a rapidly injected contrast agent® or
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Fig.3 : Diffusion weighted image of same patient in
Fig.2 showing hyperintensity on B1001
suggesting restricted diffusion in areas of acute
ischemic infarct

magnetically tagged water moleculesin arteria blood through the
brain’. In region distal to arterial occlusion the arrival of contrast
may be delayed and less in amount. The resulting signal - time
curve can be converted into concentration - time curve, fromwhich
several functionslike CBV, rCBF, TTP, MTT that describeregional
perfusion can be determined and compared from normal side. A
variety of perfusion abnormality has been decribed like reduced
rCBF intheregion of ischemia.

Varying pattern of “mismatch” between lesion extent on DWI and
PI can occur.

* Pl lesion > DWI lesion - larger area of brain isunder threat
of ischemiathan shown by DW1 aone.
* Pl lesion= DWI lesion - the brain parenchyma at risk is

minimum and final infarct may be of the size shown by
either of image.

* Pl lesion < DWI lesion - suggest that reperfusion has
occurred in theinfarcted tissue.

* Only Pl abnormality - acute areteria occlusion but noinfarct

(keir - 84)
MRANGIOGRAPHY

MR angiography enables the noninvasive evaluation of vasular
patency. Images can be generated on which flow within the vessel
isincreased in signal intensity (bright blood) or on which thelumen
isdepicted asdecreased in signal intensity (black blood); theformer
is the more commonly used technique. Time of flight is the most
frequently used bright-blood MR angiographic technique. For
evaluation the intracranial circulation, a volumetric (three-
dimensional) acquisitionisoptimal.

Animagesimilar to aconventional artreriogram can bereconstructed
fromtheintravascular signasthat issensitivetolargevessde occlusion
of narrowing intheinternal carotid, vertebral, basilar and first and
second segments of the anterior, middle and posterior cerebral
arteries. Although the value of MR angiography has yet to be
showninalarge-scaleclinical trial, the need for differentiating
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which patients have lesions amenabl e to thrombolysis seems clear
given the potential risks of treatment.

MR SPECTROSCOPY

In the evaluation of patients with cerebral ischemia the relevant
metabolites are lactate at 1.33 parts per million (ppm) and N-
acetylaspartate (NAA) at 2.02 ppm. Lactate is not present in
sufficiently high concentrationsto measureinthe brain under normal
conditions. NAA isnormally present and isfound only in neurons
or axonsin mature braint.

MR sepctroscopy depict acute cerebral ischemia on the basis of
increased levelsof lactate. NAA decreases after the onset of either
global or focal ischemia. NAA is either dramatically reduced or
completely absent. It is postulted that in acute stroke, tissue that
has high lactate, no conventional MR imaging abnormalities and
normal or only slightly reduced NAA levelsin thefirst few hours
after stroke onset may represent ischemic tissueat risk of infarction.
Thisissue could represent the“ penumbra’. It has been hypothesize
that identification of such regionsmay, inthefuture, may be one of
the criteria for initiating thrombolytic therapy?®.

Limitationsof MRS (1) Proton M R spectroscopicimagingisnot
be able detect lacunar or small infarcts (<1 cm3). The higher spatia
resolution of diffusion and perfusion MR imaging is definitely an
advantage is this regard. (2) The implementation of MR
spectroscopic imaging is hampered by the limited coverage and
lengthy imaging times.

DSA AND THROMBOLYSIS

DSA (Digital Substraction Angiography) is the gold standard for
delineation of arterial architecture and site of occlusion of artery.
With improvement in technique it is now safer and effective in
treating the selected patients with stroke with intra arterial
thrombolysisinwindow period of 6 hours. Prompt reestablishment
of flow with lysis of an occlusive thrombus is the goal of
thrombolysis. It can be done either by intravenous route or direct
intraarterial injection of thrombolytic agent. Thisisin contrast to
anticoagulation, in which new clot formation isminimized. These
agents convert the proenzyme plasminogen to the active enzyme
in thrombin lysis, plasmin. Thrombolysis can be performed by
using streptokinase, urokinase or rt-PA, rt-PA isthe most specific
of the three agents. It isfibrin specific, activating only thrombin-
bound plasminogen. For this reason, it has the most favourable
therapeutic index of the three thrombolytic agents.
Thrombolysiswasintroduced for thetreatment of ischemiclesions
of themiddlecerebral artery (MCA) territory. Thrombolytic agents
were used to treat acute ischemiawithin 3-6 hours after the acute
event. Thisrisk increased asthetimeinterval between the onset of
symptoms and thrombolytic therapy increased. Thus, patients
are more likely to have a good outcome when treated within 3
hoursthan between 3 and 6 hours after the acute event. Therefore,
the primary purpose of diagnostic imaging isto ensure selection of
the appropriate patients for thrombolytic therapy to reduce severe
complications®.

For this purpose, diagnosticimaging of acute stroke should reliably
help (a) excludeintracranial hemorrhage; (b) differentiate between
irreversible affeted brain tissue (“dead brain”) and reversibly
impaired tissue (“tissue at risk”), which might benefit from early
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treatment and (c) identify stenosisor occlusion of major extraand
intracranial arteries.

Tissueat risk, or “ pneumbra,” isdefined as an area of markedly
reduced perfusion with loss of function of still viable neurons'.
Timely reperfusion of thistissue may prevent cell death and help
reestablish normal function. Because thrombolysis of large areas
of irreversibly affected braintissue carriesahigh risk of hemorrhage,
patients with infarction that affects more than one-third of the
MCA territory should not undergo thrombolysis.

The NINDS (National Institute for Neurological Diseases and
Stroke) trial wasthefirst trial to demonstrate efficacy in the use
of the thrombolytics for the treatment of cerebral ischemia2. The
protocol was based on a 3-hour treatment window from the time
of iclus to the administration of rt-PA. A CT scan was obtained
and the detection of intracerebral thrombosis was an exclusion
criterion. Although no short-term benefits were demonstrated,
patients in the treatment group achieved improved stroke scale
ratings as compared with those in the placebo group at 3 months.
The ECASS(European Cooper ative Acute Stroke Sudy) isanother
trial which allowed alonger treatment window of 6 hours®. This
time-window prolongation increased the likelihood of manifest
infarction at the time of reestablishing flow and thus the risk of
reperfusion hemorrhage. In an attempt to avoid referfusion
hemorrhage, a CT scan was obtained to exclude patients with
extensiveinfarction. Patientswereexcluded if on siteinterpretation
detected infarction in greater than 33% of the middle cerebral
artery (MCA) distribution. Unfortunately, the ECASS group failed
to demonstrate efficacy in the intention to treat group.

Recent advances in techniques of intracranial vascular
catheterisation have madeit possibleto deliver thrombolytic agents
intraarterially directly proximal to the thrombus with much less
systemic side effects'.

Limitations of DSA and Thrombolytic Therapy : The major
disadvantage of intraarterial thrombolytic therapy is that it can
only beundertaken in centerswhere neurointerventional specialists
and infrastructure required for this intervention are available.
Furthermore, the administration of a potentially toxic drug by a
highly specialized techniqueto an acutely ill and vulnerable patient
within ashort timeframe demand an expert decision making process
after athorough consideration of the risks and benefits. Because
of these reasons, it is unlikely that selective intraarterial
thrombolytic therapy will ever produce asignificant impactinthe
treatment of acute ischaemic stroke in a developing country®.

In summary, acute ischemic strokeis prominent cause of death
and morbidity. It needs to be identified by the clinician and the
radiologist at the earliest, so as to start appropriate treatment
immediately. Themain role of CT scanisto rule out hemorrhagic
stroke, however can be clubbed with CTA and CT perfusion study
for better charaterization of the site and extent of lesion. MR
imaging proves to be a better modality as can detect changes as
early as 3 hours with advent of newer imaging techniques like
diffusion and perfusion imaging and supportive role of MRA and
MRS. With appropriate patient selection, intra venous
thrombolysis can be done with in 3 hours of onset of symptoms
and with help of DSA, intra-arterial thrombolytic agents can be
used inwindow period of 6 hoursin anterior circulation. Experience

and expertiseis required to carry out such procedure.
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