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Assumptions

• Treatment with iv-rtPA is highly 

effective in acute ischemic stroke

• Best outcomes require strict adherence 

to protocols (incl/excl guidelines)

• There is sufficient evidence for efficacy 

within a 4.5 hours time window

• Appropriate imaging essential to 

exclude ICH prior to treatment



Outline of presentation

• Rates of neuronal injury during 
acute stroke

• Current time-window 
recommendations for thrombolysis

• Evidence for thrombolysis in the 
longer time windows

• Infra-structure and system change 
requirements for extending time 
window for thrombolysis



Number of Patients Who Benefit and Are Harmed 
per 100 Patients tPA Treated in Each Time Window 
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45% of patients seen within 4 hours

(additional >1000 telestroke consults)











One wk history of L Carotid dissection. Sudden onset of LMCA symptoms
Presents within an hr to hospital 500km away. tPA on telestroke



Imaging 5 hours later at the UAH; NIHSS 7





87 yrs old female with COPD and CAD
AF but not on AC

Patient seen by ambulance within 20 minutes. 
Intubated in the ambulance for respiratory distress
CT and tPA in ambulance





87 yrs old female with 
COPD and CAD
AF but not on AC

Patient seen by 
ambulance within 20 
minutes.
Intubated 



DEFUSE 2: Speed of progression
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Collaterals Predict Imaging and Clinical Outcomes
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Explaining the paradox:

• Lansberg MG et al, DEFUSE II. Lancet 2012 

Late Time

but 

Good Collaterals

=

Good outcome

SLOW 

PROGRESSOR!

Early Time

but 

Poor Collaterals

=

Poor outcome

FAST PROGRESSOR!



Other factors effecting speed of 

neuronal injury

• Temperature

• Glucose

• Blood pressure (current and previous 

history of hypertension/medications)

• Diabetes

• Autonomic dysfunction



Outline of presentation

• Rates of neuronal injury during 
acute stroke

• Current time-window 
recommendations for thrombolysis

• Evidence for thrombolysis in the 
longer time windows

• Infra-structure and system change 
requirements













Outline of presentation

• Rates of neuronal injury during 
acute stroke

• Current time-window 
recommendations for thrombolysis

• Evidence for thrombolysis in the 
longer time windows

• Infra-structure and system change 
requirements





MRI or CTP: small core and large penumbra









WAKE-UP trial





Outline of presentation

• Rates of neuronal injury during 
acute stroke

• Current time-window 
recommendations for thrombolysis

• Evidence for thrombolysis in the 
later time windows

• Infra-structure and system change 
requirements for extending time 
window for thrombolysis



UAH Stroke Diagnosis and Treatment: CT 
Based

CT + CTA + CTP:

10 min: total table time

Treatment starts here
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Penumbral Mapping Software 
OptionsSiemens (no volumes) MiStar (Apollo Imaging)

RAPID (iSchemaView)
Olea Medical Viz CTP



I asked for the time...not how the watch 
works!

CBF CBV MTT

At Risk tissue
“the penumbra”

CoreCore

‘Mismatch’ =Penumbra

Courtesy Dr Ken Butcher



Penumbral Patterns in the ESCAPE Trial

24 Hour 
NCCT

NCCT: ASPECTS 9 CTA: M1 Occlusion

CTP: Penumbral 
Pattern

CTA Collaterals: Good

TICI 3 (7.7 hours)

Wannamaker et al, Stroke, 2018

71 yrs male
NIHSS 22
Onset 5.5 hours



Does CTP Have a Role < 6 h From 
Onset?79 M: 1.5 h after onset

2.10 h (residual M2 after tPA)

24 h CT

87 ml core

TICI 3 (3.20 hours)



Edmonton Stroke Program

• 24/7 comprehensive program with, pre-
hospital ambulance and tele-stroke

• Immediate availability of advanced imaging 
• Careful clinical evaluation by the stroke team
• Rapid access to angio-suite and an 

enthusiastic interventionist critical for 
success

• After treatment care very important
• Follow-up evaluation to determine recovery 



Conclusions

• Highly effective treatment including 
thrombolysis and thrombectomy for acute 
stroke patients available 

• Treatment is time-dependent very early
• Effective treatment available up to or later 

than 24 hours in some patients
• For patients presenting late, imaging 

essential to determination “slow-
progressors” 

• Comprehensive stroke program essential










