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Stroke!

¥! DeÞnition!
Ð!Rapidly developing loss of brain function 

due to a disturbance in the blood vessels 
supplying the brain!

¥! Third leading cause of death in U.S., 
Europe, and Japan!
Ð!150,000 deaths per year in U.S. alone!

¥! Leading cause of adult disability!



¥! Hemorrhagic stroke 
(15%):  acute disruption 
of cerebral artery !

¥!Hypertension!

¥!Cerebral amyloid 
disease!

¥!Aneurysm rupture!

¥!Drugs!
¥!Other!

Stroke!
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¥! Ischemic stroke (85%): 
acute reduction in blood 
supply!
Ð! Embolic (heart, cervical 

vessels)!
Ð! Thrombosis (intracranial 

vessels)!
Ð! Dissection!
Ð! Other (vasculitis, venous 

occlusion)!

Stroke!

With permission from Amirsys, Inc."



¥! < 3 hours:  IV tPA"
Ð!Approved by FDA in 1996!

¥! > 3 hours:  ????!
Ð!IV tPA? (ECASS III: < 4.5 hours)!
Ð!IA tPA? (not FDA approved)!
Ð!Mechanical thrombolysis?!
Ð!Combination?!

Treatment of Ischemic Stroke!



Treatment of Ischemic Stroke!

¥! Goals of imaging: !
Ð!Determine if ischemic or hemorrhagic!
Ð!Identify ischemic stroke patients most 

likely to beneÞt from available 
reperfusion therapies!

¥! Which is better:  CT or MRI?!



¥! Pros!
Ð!Highly sensitive for acute 

hemorrhage!
Ð!Less susceptible to artifacts!
Ð!Fast; readily available!
Ð!No contraindications!

Computed Tomography (CT)!



¥! Cons!
Ð!Less sensitive than MRI for 

acute ischemia!

Ð!Radiation exposure!

Computed Tomography (CT)!



Radiation Exposure!

¥! > 200 patients in California 
received radiation doses 8 
times greater than normal!

¥! Effective radiation dose of 
current CT perfusion studies:  
2-3 mSv!
Ð! Same dose as head CT!
Ð! 3 mSv = background radiation 

dose to person living in Boston 
for one year!



¥! Pros!
Ð!More sensitive than CT for 

acute ischemia (DWI)!
Ð!No radiation exposure!

Ð!MR perfusion: whole brain 
coverage!

Magnetic Resonance Imaging (MRI)!



¥! Cons!
Ð! Flow-related artifacts (MRA)!
Ð! Longer imaging time!
Ð! Not always available!
Ð! Must clear patients prior to 

scanning; unable to scan all patients!
¥! Contraindications!

Ð! Pacemaker, cochlear implant, 
aneurysm clip !

Ð! Prosthetic valves and orthopedic 
hardware are MRI safe!!

Magnetic Resonance Imaging (MRI)!



Goal: improved selection of patients 
for reperfusion therapy!

¥! Non-contrast Head CT!
¥! CT Angiography (head and neck)!
¥! CT Perfusion (head)!

Multimodal CT Protocol!



¥! Parenchyma - Is there hemorrhage? (CT)!
¥! Pipes - Is there arterial thrombus that can be 

targeted for IA/mechanical therapy? (CTA)!
¥! Perfusion - Is there a core of critically 

ischemic, irreversibly infarcted tissue? (CTP)!
¥! Penumbra - Is there severely ischemic but 

potentially salvageable tissue? (CTP)!

Multimodal CT Protocol!

ÒThe Four PÕsÓ"



¥! Excludes hemorrhage !
¥! Can detect early ischemic changes!

Ð!Insular ribbon sign!
Ð!Obscuration of basal ganglia!

Ð!Hyperdense artery!
¥!Dense MCA sign (proximal MCA)!

¥!MCA dot sign (MCA branches)!

Non-contrast Head CT!



Non-contrast Head CT!



Non-contrast Head CT!



¥! Early ischemic changes!
Ð!Sensitivity ~25% compared to DWI!
Ð!SpeciÞc for irreversible tissue damage, but 

unable to distinguish core and penumbra!
Ð!Infarct size > 1/3 MCA territory is relative 

contraindication to IV tPA!
¥! Increased risk of hemorrhage!

Non-contrast Head CT!



Non-contrast Head CT!



¥! Complete evaluation of 
extracranial and intracranial 
vessels!
Ð!Aortic arch => vertex!

¥! IdentiÞes patients with large 
vessel occlusions most 
likely to beneÞt from IA/
mechanical thrombolysis!

CT Angiography!



¥! Protocol!
Ð!Contrast injected at 4 cc/sec (need 18/20 g IV)!
Ð!0.5 mm images from aortic arch to vertex!

Ð!Acquisition time ~ 20 seconds!
Ð!Timing of scanning critical!

¥!Bolus tracking used to maximize arterial contrast!

Ð!Viewed as 1 mm axial images with additional 
coronal and sagittal reformations!

CT Angiography!



¥! Often provides source of intracranial 
vessel occlusion!
Ð!Stenosis!

Ð!Dissection!

¥! Location and extent of occlusion may 
have prognostic value !
Ð!Carotid ÒTÓ, basilar occlusion!

Ð!Distal MCA branches!

CT Angiography!



Contrast Safety!

¥! 2008 Canadian study!
Ð!CTA/CTP in 198 patients without 

preexisting history of renal impairment!
Ð!None developed chronic renal disease or 

required dialysis!
Ð!Incidence of contrast-induced nephropathy 

= 2.9%!

¥! Conclusion:!
Ð!No need to delay CTA/CTP if no preexisting 

history of renal disease!

AJNR 2008; 29: 1826-1830 !



CT Angiography!



CT Angiography!



¥! Used to identify 
infarct core and 
penumbra!
Ð!Core = 

irreversibly 
infarcted tissue!

Ð!Penumbra = 
severely ischemic 
but potentially 
salvageable tissue!

CT Perfusion!



¥! Performed by monitoring Þrst 
pass of contrast bolus through 
cerebral circulation!

¥! Continuous imaging of same 
slab for 45-60 seconds during 
and after contrast injection !
Ð! 64 row = 40 mm slab!

¥! Produces time-density curve 
for each pixel!

CT Perfusion!



¥! Image processing!
Ð! Must select input artery and vein; 

should be perpendicular to 
imaging plane!

¥! Artery:  anterior cerebral artery!

¥! Vein:  superior sagittal sinus!

Ð! Perfusion parameters calculated 
for each pixel based on shape of 
its curve relative to arterial and 
venous curves!

CT Perfusion!

Neuroimag Clin N Am 2011; 21:215-238!



CT Perfusion!

¥! Perfusion parameters!
Ð!Mean transit time (MTT)!

¥!Average transit time of blood through given brain region!

Ð!Cerebral blood ßow (CBF)!
¥!Volume of blood moving through given unit volume of 

brain per unit time!

Ð!Cerebral blood volume (CBV)!
¥!Total volume of blood in given unit volume of brain!
!

MTT = CBV / CBF"



CT Perfusion!

¥! How do perfusion parameters 
differentiate between infarct 
core and penumbra?!
Ð!Differences in capillary 

autoregulation!

Parameter MTT CBF CBV 
Core Increased Decreased Decreased 

Penumbra Increased Decreased Normal/Increased 



CT Perfusion!

¥! Core!
Ð! Decreased CBF, decreased CBV, increased MTT 

(matched defect)!

¥! Penumbra!
Ð! Decreased CBF, normal/increased CBV, 

increased MTT (mismatched defect)!

¥! Small core and large penumbra (>20%) = 
ideal candidate for treatment                 
(large amount of tissue at risk)!



CT Perfusion!

Normal perfusion!

CBF" CBV" MTT "

AJNR 2010; 31: 1552-1563 !



CT Perfusion!

CBF" CBV" MTT "

Matched defect =!
Infarct core!

AJNR 2010; 31: 1552-1563 !



CT Perfusion!

CBF" CBV" MTT "

Mismatched defect =!
Infarct penumbra!

AJNR 2010; 31: 1552-1563 !



CT Perfusion!

CBF" CBV" MTT "

Postischemic!
hyperperfusion!

AJNR 2010; 31: 1552-1563 !



CT Perfusion!

Radiology 2009; 251: 616-626 !



CT Perfusion!

Radiology 2009; 251: 616-626 !

CBF" DWI " MTT "



CT Perfusion!

DWI " MTT "

Radiology 2009; 251: 616-626 !



CT Perfusion!

CBF" CBV" MTT "

AJNR 2010; 31: 1552-1563 !



CT Perfusion!



CT Perfusion!

CBF"

CBV"

MTT "



CT Perfusion!



CT Perfusion!

CBF"

CBV"

CTA"



CT Perfusion!



Neurothrombectomy Devices!



Merci Retrieval System!

¥! Restores blood ßow via 
clot retrieval!

¥! Approved by FDA in 2004!



Merci Retrieval System!

http://www.concentric-
medical.com/resources/

APM0517_A_Animation,%20V
%20Retriever%20+

%20DAC.wmv"

Merci animation: "



Penumbra System!

¥! Restores blood ßow 
via clot aspiration!

¥! Approved by FDA 
in 2007!



Penumbra System!

http://www.penumbrainc.com/
download.asp?

download_id=64&content_id=82
&category=download&menu_id=

0"

Penumbra animation:"



Solitaire and Trevo Devices!

¥! Stent-like devices 
that restore ßow 
and retrieve clot!

¥! Not yet FDA 
approved!

¥! Currently used in 
Canada and Europe!



Solitaire and Trevo Devices!

http://www.concentric-
medical.com/resources/

APM0550_A_Animation,
%20Trevo.wmv"

Trevo animation:"



Still many unanswered questionsÉ!
!
¥! Which patients should be imaged with 

multimodal CT protocol?!
¥! When should MRI be used in acute stroke 

setting?!
¥! What is the best treatment (IV, IA, devices)?!

Acute Stroke Imaging!


