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Part 1. Arterial 
Ischemia/Infarction



Stroke: Initial Considerations

• Infarction?
• Hemorrhage?
• Stroke Mimics: 

Tumor
Vasculitis
Drugs
Seizure
Venous Thromb
Other



Imaging Cerebral Infarct



Hyperacute Infarction (0-12 Hr)

• CT
Normal
Swelling
Dense Vessel 
Sylvian Stripe
Low signal

• MR
Pos diffusion
Signal change
Loss flow void



Dense MCA Sign



Sylvian (Insular) Stripe



93-year-old Female
Insular Ribbon Sign



24 Hours Later



Venous Congestion
Acute infarct



FLAIR shows many lesions
Which is acute & 
which is chronic?

FLAIR

FLAIR



DWI

DWI



77-year-old male with CVA Symptoms

FLAIR DWI



Flair  vs DWI
(Hyperacute Infarct)





Pitfall
MR: Hyperacute Hemorrhage



CT: Hyperacute Hemorrhage



Early Acute Infarct (12-24 h)

• Increase edema
• Increase mass 

effect (Flat gyryi)
• Meningeal C+



Early Acute Infarct (1-3 days)

• Decreasing 
meningeal & 
intravascular C+

• Increasing 
Parenchymal C+



Subacute Infarct (4-7 days)

• Decrease edema, 
mass deffct

• Continued 
parenchymal C+





Chronic Infarct ( months to forever)

• Volume loss
• Encephalomalacia
• Hemosiderin
• Calcification 







Ischemic Stroke Workup

• Hx & PE
• CT/MR
• Angio
• Rx



Hyperacute Stroke: Special Dx
Considerations

• Hemorrhage
• Ischemia vs infarct
• Age of infarct
• Stroke Mimics

(Tumor, SAH, drugs, seizure)



IV TPA (NINDS Trial)

• 0-3 hr time window
• .9mg/kg TPA IV
• 30% favorable outcome
• 6% sx hemorrhage



IA Urokinase (PROACT Trial)

• 6 hr window
• 60% favorable outcome
• 40% fully recovered within 90 days
• Hemorrhage 10%



Ischemic Stroke Rx

• IV Thrombolysis: <3 hrs
• IA Thrombolysis: <6 hrs



Time is Brain

?



Normal MR Perfusion

CBV

CBF
MTT

TTP



1 2 3

4 5 6



MR PWI in Old stroke

N

S



Cerebral Blood Flow
ml/100gm/min

• Normal 50
• Neuronal Paralysis 17
• Cytotoxic Edema 10
• Vasogenic Edema <10(>1hr:Infarct)
• Core CBF 8-10 (Rapid cell 

death)
Penumbra: 10-20
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Matched Perf/Diff: Dead Brain
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J L Sunshine



R.A. 55 y/o F Aphasia 7 hr
D/P Mismatch: ?Extended Window

Diffusion:

Perfusion:

Unmatched Perf/Diff: Still 
Viable Brain (Penumbra)



Brain=Time+Perfusion

Stroke Team
ER/Neurology

INR
Neurosurg/VascSurg



Clot Locations
Critical Considerations

• ICA: Opthalmic
orign

• No deep 
perforators

• Px: Good outcome 
likely

Connors,Interventional Neuroradiology



Clot Locations
Critical Considerations

• ICA: bifurcation
• Mod-high risk
• ?Ischemia of 

lenticulostriates
• Px: usually poor,

depending on pial
collaterals 

Connors,Interventional Neuroradiology



Clot Locations
Critical Considerations

• M1: origin
• Questionable risk
• Px: Poss. Good 

depending on pial
collaterals

Connors,Interventional Neuroradiology



Clot Locations
Critical Considerations

• M1: trunk
• High risk: 

Lenticulostiates
occluded

• Px: Probably poor
?worst case

Connors,Interventional Neuroradiology



Clot Locations
Critical Considerations

• M1: bifurcation
• Px: fair to good
• May have up to 12 

hrs to lyse
depending on 
retrograde pial
collaterals

Connors,Interventional Neuroradiology



Clot Locations
Critical Considerations

• M2
• Px: good
• May have up to 12 

hrs.

Connors,Interventional Neuroradiology



IA Thrombolysis
Patient Selection

• Angiography<6 hrs
• CT: NO Hemorrhage, Hypodensity
• Consentable Patient
• No other exclusionary criteria



IA Thrombolysis
Exclusionary Criteria

• ICH in past 12weeks
• Neurosurgery in past 12 weeks
• Significant Head trauma in past 12 weeks
• Stroke in past 3 weeks  (?recent CPR)
• Intracranial Infection
• Allergy, Coagulopathy, (renal failure)
• Complete resolution of Sx<3hrs (TIA)



Endovascular Technique

• Stroke Evaluation: H&P, Imaging
• Decision to Rx (or not to Rx)
• Consent
• Angio
• Identify Target
• Access Target



Accessing Clot

• Catheterize parent 
artery

• Catheter exchange 
for 6 F delivery 
catheter

• Microcatheter
setup



Microcatheter Setup



Thrombolysis Technique

• Pass microwire & microcather
through clot

• 2 mg TPA
• Pull back just prox: further infusion
• Add mechanical disruption by passing 

microwire & microcath through & back
• F/u angios, reassess continually



Microcatheter to Clot



Microcatheter Through Clot
Lyse distally, pulling back 



Pre  vs Post
(8 mg TPA IA)



73 y/o M: Aphasia; 4 hr



Outcome: Return to normal



T.G.

• 84 y/o M
• Fell over @ 0745
• R hemiplegia & global 

aphasia
• PMH: A-fib, COPD
• ER arrival 0900
• Family: ?decision 

delay
• MRI 1200
• Angio:1445

1933041



Diffusion vs Perfusion



What to DO?

• Too late for IV or 
IA thrombolysis 7 h

• Merci Retriever 8h



Access off Arch
The Challenge



PRE





Mech Thrombectomy
8 hr time limit



Technique for Merci Retriever 1

• Hydrate 2 min prior
• 9 F guide via 9f 

sheath
• 014 wire, 

microcath thru clot
• Retriever & 

microcath thru clot



Technique for Merci Retriever 2

• 2 loops
• 2 counterclockwise 

turns (tighten)
• Unsheath all 5 

loops
• 5 clockwise turns 

(opens)



Technique for Merci Retriever 3

• Inflate balloon
• Withdraw retriever & 

microcath while 
aspirating delivery 
cath

• Release tension if 
loops straighten

• Aspirate vigorously 
upon drawing clot into 
delivery cath





PRE    vs POST



Outcome

• Some residual 
Global Aphasia

• Improved R 
Hemiparesis

• Gradual recovery 



Part 2. Intraparenchymal
Hemorrhage



DDx Intraparenchymal
Hemorrhage



Hypertension
affects the perforators

Striates
Pontine perf



Hypertensive
Hemorrhage



AVM

• 2-4 % chance Hem 
per yr

• Often 
intraparenchymal

• 15% of 
nontraumatic SAH



AVM Criteria

• Nidus
• Early draining vein



AVM Rx

• Embolization
• XRT
• Surgery
• Combined



Pedicle #2 R MCA Pedicle
0.5 cc glue



Pedicle #3 R MCA Pedicle
0.6 cc glue



Post Embo x 3





Cerebral Venous Thrombosis

• Coagulopathy
• Pregnancy
• Malignancy
• Infection
• Trauma
• Dehydration









No improvement on rehydration, Heparin



Intervention: Endovascular Thrombectomy



• b



Outcome: Full Recovery



Part 3. Subarachnoid Hemorrhage



Nontraumatic Subarachnoid
Hemorrhage 

• Aneurysm 80%
• AVM         15%
• Other          5%



Workup for Ruptured Aneurysms

• CT
• Angio
• (CTA)
• Rx: endovasc vs

clipping



6 F Northstar, SL 10, Synchro 14, 
Trascend Ex, Med Mizzen



Pt Premed w/ ASA & Plavix:
Cont’d coiling



International Subarachnoid
Aneurysm Trial (ISAT)

• Lancet, Oct 2002



Rankin Scale Summary @1 yr

Coil Clip

Less Severe(gr 0-2) 611 178
(76%) (69%)

More Severe(gr 3-6)190 243
(23%) (30%)

Outcomes: 
Significantly favored coiling over clipping



49 y/o F underwent clipping of left 
paraopthalmic aneurysm 6 days post 

SAH:  became more obtunded





Cerebral Vasospasm

• 4-14 days post aneurysmal SAH
• Triple H Rx: Hypervolemia

Hemodilution
Hypertentsion

• Endovascular
IA Papaverine
Microangioplasty





Endovascular Microballoon
Angioplasty



Microangioplasty
Pre  vs Post




