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Andrew M. Demchuk MD FRCPC
Director, Calgary Stroke Program
AI-HS Scholar
Heart and Stroke Foundation Chair in Stroke Research
Professor, Dept of Clinical Neurosciences, Dept of Radiology
University of Calgary

Disclosure Slide

• I have not received an honorarium from Hoffman LaRoche 
(licensure of tPA) or any endovascular device companies. I did 
receive a research grant from NovoNordisk Canada.

• I am a member of the Executive Committee of IMS‐3.

• I have no stocks or direct investments with pharmaceutical or 
device companies involved in stroke

3

“Time 
is 

Brain”

All Stroke Types Can Be Treated

4

“Ti
me 
is 

Brai
n”

Ischemic Brain Can Be Saved

5

“Ti
me 
is 

Brai
n”

Ischemic Brain Can Be Saved

6

“Ti
me 
is 

Brai
n”

Ischemic Brain Can Be Saved



7

“Ti
me 
is 

Brai
n”

Ischemic Brain Can Be Saved

8

Estimated Pace of Neural Circuitry Loss in Typical Large Vessel,
Supratentorial Acute Ischemic Stroke

Neurons  
Lost

Synapses    
Lost

Myelinated 
Fibers Lost

Accelerated 
Aging

Per Stroke 1.2 billion 8.3 trillion 7140 km/4470 miles 36 yrs

Per Hour 120 billion 830 billion 714/447 miles 3.6 yrs

Per Minute 1.9 million 14 billion 12 km/7.5 miles 3.1 weeks

Per Second 32,000 230 million 200 meters/218 yards 8.7 hours

Every Minute Counts: Time is Brain
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Annual Financial Costs (Cdn) 
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Acute Treatment reduces degree of disability

No disability Mild disability Moderate disability         Severe disability
Costs    ~$10,000 $30,000 $70,000                      >$200,000



13:02 Time 13:38
TPA bolus

IV TPA Improves Recanalization

Circulation 2000;100:2282Circulation 2000;100:2282--8383

iv tPA “On the table responders”

“Lazarus effect”
1 in 4-5 tPA patients

versus 1 in 30 
placebo patients

Lancet 2007;369:275‐282

tPA and ICH risk in SITS‐MOST Registry Intravenous rtPA 
Balance between benefit and risk

Stroke thrombolysis: Maximizing benefit
iv tPA ideal 
“sweet spot”

iv tPA 
modest net benefit

Conservative tx
avoid tPA

Time from 
onset

All 6 IV tPA Trials Pooled Analysis: 3669 patients

Pooled analysis: Lancet 2004;363:768-774.

ECASS-3: NEJM 2008;359:317-329.

7%

5%



Time is Brain 

~4h 30min

Pooled Analysis NINDS tPA; ATLANTIS; ECASS‐1,2,3;  EPITHET  Pooled Analysis NINDS tPA; ATLANTIS; ECASS‐1,2,3;  EPITHET 

Time is Brain 

Pooled Analysis NINDS tPA; ATLANTIS; ECASS‐1,2,3;  EPITHET 

Time is Brain 

Stroke thrombolysis: Maximizing benefit
iv tPA ideal 
“sweet spot”

iv tPA 
modest net benefit

Conservative tx
avoid tPA

Time from 
onset

< 90 min          90‐180 min            180‐270 min                >270 min
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“Time 
is 
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Raising symptom awareness 
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Alberta Acute Stroke Treatment 2004

Comprehensive Stroke Centre

Limited tPA use
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Rural acute stroke treatment was very limited

Comprehensive Stroke Centre

Limited tPA use
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“Time 
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Primary Stroke Centre (PSC) Criteria:

•CT scan availability
•Door to CT time less than 20 minutes with pre-alert
•Stroke expertise on-site or available by Telestroke link
•rtPA treatment availability
•Serves all surrounding communities in which it is the nearest PSC

Comprehensive Stroke Centre (CSC) Criteria:

•CT scan availability
•Door to CT time less than 20 minutes with pre-alert
•Stroke team on-site
•Neurosurgical expertise on-site
•Neuro-interventionist expertise on-site

•Central hub of stroke neurologist expertise in a telestroke network 

Stroke Centre Designation Criteria

28

Primary Stroke Centres

• Assessment

• Basic CT imaging

• iv tPA delivery
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Alberta Acute Stroke Treatment 2011

Comprehensive Stroke Centre

Primary Stroke Centre

30

EMS Hospital Redirect to PSC
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Alberta Acute Stroke Treatment 2011

Comprehensive Stroke Centre

Primary Stroke Centre
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EMS Stroke Screening Form
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EMS Stroke Screening Form
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EMS Stroke Screening Form
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EMS Directed Neurological Examination
Is the patient awake?
Can patient communicate? Is speech slurred?    
Is there arm weakness? 

arm kept 90 degrees against gravity bilaterally ?
hand grips symmetric ?

Is there leg weakness?
leg kept 45 degrees against gravity bilaterally ?

IS THIS DEFICIT DISABLING ?
36

EMS Hospital Redirect to PSC
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EMS Protocol-Transport
Contact Primary Stroke Centre to prewarn of patients’ impending 

arrival. 

Transport patient at 30o or less 

Nasal cannula  02 at 2 l/min. 
Titrate to 02 sats in mid 90’s

Perform a fingerstick glucose
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EMS Protocol-Transport
Start 2 IV lines each arm (at least one antecubital)

18 or 20 gauge is sufficient 
Start Normal Saline iv

Tag one IV “For TPA only”

Do not treat hypertension

Do not give ASA
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Center Type 
Included

Zone
Code

Percentage

Pre-APSS On-APSS Difference

Primary 
Comprehensive

and Others

1 1.9% 10.0% 8.1%

2 10.6% 15.9% 5.4%

3 2.0% 5.6% 3.6%

4 11.2% 10.8% -0.4%

5 3.2% 6.2% 2.9%

Across the province increases in TPA tx
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Institution Code (zone)

Institution Name (zone)

Ischemic Stroke

Fiscal Year

2008-2009 2009-2010 

021 (3) St Mary’s Camrose  12.24% 26.67%

042 (4) Grey Nuns   7.35% 12.26%

044 (4) UAH 13.29% 15.85%

061 (5) Hinton 14.29% 25.00%

079 (1) Medicine Hat 1.15% 20.00%

085 (5) Peace River 8.70% 11.11%

092 (3) Red Deer 5.56% 9.33%

112 (3) Wainwright 21.43% 29.41%

117 (5) Fort McMurray 7.14% 16.67%

Some remarkable successes
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What can we do better after arrival at PSC?

Target is:  <60 minute door to needle time

42

Future Primary Stroke Centres?

Comprehensive Stroke Centre

Primary Stroke Centre
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Estimated cost savings if iv tPA tx
• Length of stay 1.5 days shorter 1

• Out of 100 patients 1

12 more are discharged home
8 fewer require rehab
6 fewer require nursing home

• Estimated cost saving per tPA treatment $20,000 
over 30 years2

1. Fagan SC et al. NINDS rt-PA Stroke Study Group. Neurology 1998;50:883-90.

2. Ehlers L, et al. National use of thrombolysis with alteplase for acute ischaemic stroke via telemedicine in Denmark: a model of budgetary impact and cost effectiveness. CNS Drugs 2008;22:73-81.

Stroke thrombolysis: Maximizing benefit
iv tPA ideal 
“sweet spot”

iv tPA 
modest net benefit

Conservative tx
avoid tPA

Time from 
onset

< 90 min          90‐180 min            180‐270 min                >270 min

Age

BP/glucose

NIHSS

BMJ 2010;341:c6046
Elderly likely benefit less but still benefit…

Stroke 2009;40:2442‐2449

Systolic BP and tPA outcomes –SITS‐MOST

Arch Neurol 2010;67:1123‐30

Hyperglycemia and tPA outcomes‐ SITS‐MOST Sweet Spot for tPA;  bNIHSS 6‐10 ideal; 
11‐20 not bad



Stroke thrombolysis: Maximizing benefit
iv tPA ideal 
“sweet spot”

iv tPA 
modest net benefit

Conservative tx
avoid tPA

Time from 
onset

< 90 min          90‐180 min            180‐270 min                >270 min

Age <60 yrs                 60‐80 yrs              >80 yrs

BP/glucose normal                                  high                very high

NIHSS 6‐10                 11‐20              >20             <5

2889 randomized, read‐out autumn 2011

Over half of subjects randomized with age>80

>500 subjects randomized with NIHSS <6

• Prior meds: ASA + clopidogrel

• Atrial fibrillation: early recurrent stroke

• Cervical artery dissection

Some other tangibles to consider when treating ASA+Clopidogrel prior meds and high sICH risk

Atrial fibrillation causes early recurrent ischemic stroke

Stroke 2010;41:1990‐1995

Reichart M et al. Stroke 2009;40:3772‐3776

Cervical artery dissection and tPA okay



Stroke thrombolysis: Who should get what?
iv tPA ideal 
“sweet spot”

iv tPA 
modest net benefit

Conservative tx
avoid tPA

Time from 
onset

< 90 min          90‐180 min            180‐270 min                >270 min

Age <80 yrs                  >80 yrs

BP/glucose normal                                  high                very high

NIHSS 6‐10                 11‐20                 >20                <5

Prior meds ASA+clopidogrel

Stroke thrombolysis: What about imaging? 

iv tPA “sweet spot” iv tPA modest net benefit
Conservative tx

avoid tPA

NCCT EIC/DWI

Occlusion 
location

Thrombus 
characteristics
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Ischemic Brain Can Be Saved

ASPECTS methodology

Good scan 8‐10

Fair scan 5‐7

Poor scan 0‐4

NCCT ASPECTS score
Initial CT



Initial CT Initial CT

Initial CT CT 16 hrs from onset

Hill MD et al. CASES. CMAJ 2005



aspectsinstroke.com

aspectsinstroke.com

CT ‐ Defining the core

CT

CTA ‐ SI

CT ‐ 24 hrs

CTA

NCCT/CTASI ASPECTS reliability by time 

CT scan performed from 
symptom onset

NCCT ASPECTS
(ICC)

CTASI ASPECTS
(ICC)

<90 minutes  0.48 (0.28‐0.71) 0.96 (0.93‐0.98)

91‐180 minutes  0.80 (0.66‐0.90) 0.94 (0.89‐0.97)

181‐360 minutes  0.81 (0.69‐0.91) 0.87 (0.78‐0.94)

>360 minutes  0.89 (0.81‐0.95) 0.89 (0.80‐0.95)

Overall 0.78 (0.69‐0.84) 0.93 (0.90‐0.95)

Stroke 2009;40:2743‐2748

Stroke 2009;40:2743‐2748 ASPECTS correlates with infarct ASPECTS correlates with infarct volumevolume

Stroke 2009;40:2743‐2748



Stroke thrombolysis: What about imaging? 
iv tPA ideal 
“sweet spot”

iv tPA 
modest net benefit

Conservative tx
avoid tPA

NCCT EIC/DWI ASPECTS 8‐10 / DWI <25 ml             ASPECTS 3‐7                   ASPECTS 0‐2 / DWI >100 ml

Occlusion 
location

Thrombus 
characteristics

Hyperdense Thrombus Length and recanalization

Stroke 2011 epub

HDMCAS  cases confirmed by CTA involving M1 MCAo
Evaluated cases receiving iv tPA alone

HDMCAS length Rate of disappearance

0‐1 cm 6/7 85.7%
1‐2 cm 9/24 37.5%
>2 cm  0/10 0%

HDMCAS Length Predicts Disappearance at FU with iv TPA
AHA 2011 oral presentationISC 2011 platform



CT‐angiography now of superb quality
2‐D Reformats critical especially sagittals

TPA Recanalization Rates      1h 2h               24h
delZoppo et al 1992                 Saqqur et al 2007            Zangerle et al 2007

8% 6% 46%

26% 30% 53%

35% 44% 68%

EPITHET Showed No iv tPA benefit in ICA occlusions

Stroke thrombolysis: What about imaging? 
iv tPA ideal 
“sweet spot”

iv tPA 
modest net benefit

Conservative tx
avoid tPA

NCCT EIC/DWI ASPECTS 8‐10 / DWI <25 ml             ASPECTS 3‐7                   ASPECTS 0‐2 / DWI >100 ml

Occlusion 
location

M2 MCA/distal arteries                   M1 MCA          distal ICA

Thrombus 
characteristics

Clot Length



Clot Length

5
• What thrombus characteristics 
predict 4h recanalization with iv tPA?

• When is recanalization futile?

If interested in participating: 
Looking for more sites

INTERRSeCT  multicentre prospective study
Baseline CTA and repeat 4h CTA

Email‐ ademchuk@ucalgary.ca

Stroke thrombolysis: What about imaging? 
iv tPA ideal 
“sweet spot”

iv tPA 
modest net benefit

Conservative tx
avoid tPA

NCCT EIC/DWI ASPECTS 8‐10 / DWI <25 ml             ASPECTS 3‐7                   ASPECTS 0‐2 / DWI >100 ml

Occlusion 
location

M2 MCA/distal arteries                   M1 MCA          distal ICA

Thrombus 
characteristics

short length/upstream flow                                     long length/upstream flow diverted

Rescue ia therapy

iv tPA
CTA DSA

ia tPA

MERCI

Title 



SolitaireTM FR 

Stentrievers

Mechanical endovascular treatment
Recanalization Frequent, Fast and Complete  

Recanalization Rates      MERCI     PENUMBRA    Stentrievers

53‐63% 83%

46‐60% ~90%

83%

71‐82%

Stentrievers may be game changing IMS‐3 Trial

Stroke thrombolysis: Who should get what?
iv tPA + endovascular       
“Full court press”

iv tPA alone

Time from onset 60‐180 min                                                 180‐270 min                

Age <80 yrs                  >80 yrs

BP/glucose normal                                           high       very high

NIHSS >20                      11‐20                                      6‐10                   <5

NCCT EIC/DWI ASPECTS 8‐10 / DWI <20 ml                                         ASPECTS 3‐7

Occlusion location distal ICA  M1 MCA                                           M2 MCA/distal arteries

Thrombus characteristics long length/upstream flow diverted                    short length/upstream flow

96

Future: PSC initial tx then CSC



Volume CT (CTA/CTP) Game Changing 
what is already infarcted and how severely?

vlCBV > 2 ml

PH 90d mRS (0‐1)

vlCBV >2 ml (all subjects) 28% 11%
vlCBV >2 ml (tPA only) 43%

Combination systemic thrombolysis treatment
Recanalization More Frequently, Faster and Completely  

+

+

+ 
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Thank You for your attention


