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Stroke Burden is Immense

795,000 Americans each year suffer a stroke



Types of strokes • Ischemic Stroke: 87% of all strokes.
• Blood flow blocked by blood clots or 

plaque in blood vessel linings

• Transient ischemic attack (TIA) is a 
"warning stroke

• is now defined as a transient episode of 
neurologic dysfunction caused by focal 
brain, spinal cord, or retinal ischemia, 
without acute infarction ( new definition-
updated 2009 AHA)

• Hemorrhagic Stroke: 13 % of all strokes. 
• When a blood vessel bursts in the brain. 

Blood accumulates and compresses the 
surrounding brain tissue. two types :

• Intracerebral 
hemorrhage when an 
artery in the brain 
bursts, flooding the 
surrounding tissue with 
blood. 

• Subarachnoid 
hemorrhage is bleeding 
in the area between the 
brain and the thin 
tissues that cover it. 
Most likely due to 
aneurysms



Stroke Subtypes

Ischemic Stroke (83%)Hemorrhagic Stroke (17%)
Atherothrombotic
Cerebrovascular
Disease (20%)

Embolism (20%)Lacunar (25%)
Small vessel disease

Cryptogenic and 
Other Known
Cause (30%)

Intracerebral
Hemorrhage (59%)

Subarachnoid Hemorrhage (41%)



Time is Brain

Acute Ischemic Stroke
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Evolution in acute stroke management 



IV TPA



NINDS Trial 
1995



tPA
1995- NINDS 1 and 2 trials
Part 1: 291 patients with onset within 3 hours, randomized 
to rt-PA (0.9 mg/kg max of 90 mg, 10% dose bolus over 1 
minutes, remaining 90% over next 59 minutes) 
-No significant difference in % of patients clinically 
improved (ΔNIHSS 4 or more/resolution) at 24 hours 

Part 2: 333 patients, same protocol, assessed at 90 days 
for functional outcome by mRS/Barthel Index/NIHSS 
-12% absolute increase (NNT = 8) in tPA-treated patients 
with minimal or no disability at 90 days
-36-hour 6.4% SICH rate versus 0.6 placebo



ECASS 3Trial  -
2008



Dosage per NINDS



Systemic IV rtPA Therapy Evidence: 
NINDs up to 3 hours and ECAS III up to 4.5 hours from 

ischemic stroke symptoms

Global outcome statistic: OR=1.7, 50% v. 38%= 12% benefit

Excellent outcome at 3 months on all scales
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Number of Patients Who Benefit and Are Harmed per 
100 Patients tPA Treated in Each Time Window 
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Number Needed to Treat to Benefit from IV TPA 
Across Full Range of Functional Outcomes 

Outcome NNT
Normal/Near Normal 8.3
Improved 3.1 

For every 100 patients treated with tPA, 
32 benefit, 3 harmed

Saver  JL et al  Stroke 2007; 38:2279-2283 better outcome by 1 or more grades on the mRS 



Hacke, W., G. Donnan, et al. Association of outcome with early stroke treatment: pooled analysis of 
ATLANTIS, ECASS, and NINDS rt-PA stroke trials. Lancet 2004;363:768-74.

Odds of a favorable 3-month outcome increased as onset to 
treatment decreased (p=0.005). Odds were 2.8 (95% CI 1.8-4.5) for 0-
90 min, 1.6 (1.1-2.2) for 91-180 min, 1.4 (1.1-1.9) for 181-270 min, and 
1.2 (0.9-1.5) for 271-360 min in favor of the rt-PA group. 

Time to Treatment in Ischemic Stroke

The sooner that rt-PA is given to stroke patients, 
the greater the benefit, especially if started within 

90 minutes of symptom onset 

Pooled data from 6 randomized placebo-controlled trials of IV rt-PA. 
Treatment was started within 360 min of onset of stroke in 2775 
patients randomly allocated to rt-PA or placebo



Limitations of IV Thrombolytics

 Time window = 3 hours  or 4.5 hours

 Many contraindications

 < 10% of all stroke patients receive IV t-Pa



Occlusion location Recanalization after IV TPA

M1-MCA 32.3% (21)

ICA terminus 4.4 (1)

M2-MCA 30.8% (4)

BA 4.0% (1)

ALL 21.3% (27)

Low Rates of Acute Recanalization With IV TPA for proximal occlusions (127 patients treated with IV 
TPA) 2

1. Mustanoja, Stroke, 2011
2. Bhatia, Stroke, 2010

Stroke Subtype n Excellent outcome, mRS 0-
1

Large artery atherosclerosis 217 (23%) OR 0.69 [CI 0.5 – 0.96]

Cardioembolic 389 (41%) OR 0.80 [CI 0.61 – 1.06]

Small vessel disease 101 (11%) OR 2.48 [CI 1.63 – 3.79]

Other 27 (2.8%) OR 0.32 [CI 0.11 – 0.94]

Undetermined 130 (14%) OR 1.85 [CI 1.27 – 2.70]

A good outcome from IV thrombolysis is more common in stroke due to small 
vessel disease than other subtypes1 (957 patients treated with IV tPA)

Limitations of IV Thrombolytics



Evolution of Acute Ischemic Stroke (AIS) Care 
over two decades

NINDS IV tPA
Alteplase 0-3 hrs

ECASS I
Alteplase 0-6hr ATLANTIS 

Alteplase 3-5 hrs

1995 1998

1996

2008
ECASS-3

Alteplase 3-4.5hr

PRISMS
Alteplase 0-3hr 
Non-Disabling

EXTEND-IA TNK 
Tenectoplase 0-6hr 
CTP-selected + LVO

2018

2017

NOR-TEST
Tenecteplase

0-4.5hr

EPITHET
Alteplase 3-6hr 
MRI-selected

ECASS II 
Alteplase 3-6 hrs

2009

MR-WITNESS 
Alteplase 4.5-24hr 

MRI-selected

IMS III, MR 
RESCUE, 

SYNTHESIS
Endovascular 
Early Devices  

< 5-8hr

Tenecteplase
vs. Alteplase 0-

4.5hr CTP-
selected + LVO

2012

DIAS / DEDAS 
Desmoteplase 3-

9hrs MRI-selected

2005-2006

WAKE-UP
Alteplase > 4.5hr 

MRI-selected

DEFUSE
Alteplase 3-6hrs 

MRI-selected
ASK 

Streptokinase 
0-4 hrs

MR CLEAN, ESCAPE, EXTEND-IA, 
SWIFT-PRIME, REVASCAT 

Endovascular New Devices < 6-12hr

DAWN, DEFUSE 3 
Endovascular 4.5-24hr 

CTA-CTP selected

DIAS-2
Desmoteplase 3-

9hrs MRI-selected

2015

2013

2015
< 24 hr< 4.5 hr



What else can we offer .?



Treatment Options for Patients Experiencing an Acute  Ischemic 
Stroke

Endovascular Clot 
Removal

Mechanical disruption or 
removal of the clot using 
standard endovascular 

approaches

IV tPA
Gold-standard in ischemic 

stroke care. Drug is designed to 
break apart the clot.

Medical 
Management

Monitor vitals and provide 
secondary stroke prevention. 

Bridging 
Therapy



Mechanical Thrombectomy



Endovascular Clot Removal

Endovascular clot removal is a type of minimally invasive 
surgery that allows the physician to access various parts of 
the body, including the brain, through the body’s major 
blood vessels.



Thrombectomy



• MERCI Device
• Aproved in 2004



• Penumbra aspiration system
• Approved - 2008



• Solitaire FR
• Approved 2012



*Non FDA-Approved Therapies

Turning Point
The Era of Stent-Retrievers

Technological advances
• Stent-retriever technology for safe, reliable performance

• Significant improvement in revascularization and patient 
outcomes vs older technology, proven in randomized 
clinical trials*



Breakthrough Stroke Treatment  



Meta-analysis Shows a Strong Correlation Between 
Revascularization and Good Patient Outcomes

*Differences in sICH were not statistically significant between the 
revascularized and non-revascularized groups

Rha JH, Saver JL. The impact of recanalization on ischemic stroke outcome: 
a meta-analysis. Stroke. 2007 Mar;38(3):967-73. 
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Recanalization Strategies

0 3 4.5 86

IV tPA

Hours
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IA tPA

Stent retrievers and Thrombo-aspiration

Systemic 
Thrombolysis

INTRAVENOUS

Mechanical 
Thrombectomy

Local 
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ENDOVASCULAR



Previous Stroke Trials Failed to Show Benefit in 
Endovascular

• Past trials of endovascular stroke treatment failed to show benefit in the 
intervention arm

• IMS 3, MR RESCUE, SYNTHESIS-Expansion

• Key learnings to improve IA Stroke trial results: 
• Imaging to confirm large vessel occlusion
• Imaging to exclude patients with a large infarct core
• Improve time to treatment
• Use newest devices to improve recanalization rates



Positive Endovascular 
Stroke Trials

• MR CLEAN
• ESCAPE
• EXTEND-IA
• SWIFT PRIME
• REVASCAT





PROACT II 
1999

IMS III
2013

MR Clean
2014

ESCAPE 
2015

SWIFT PRIME
2015

MELT 
2007

MR Rescue
2013

Synthesis
2013

Positive 
Trials

Negative 
Trials

More Positive Trials with newer devices and technology 
over time .Positive Trials: Circles at the upper border, 
Negative Trials: Circle at the lower border. Results 
Pending: Circle in the middle. 

Micro-catheter
1990s

MERCI 
2004

Penumbra 
2008

Stent-retriever
2012

EXTEND IA 
2015

Evolution of IA Therapy 
Trials over time





HERMES: Time to Treatment With Endovascular 
Thrombectomy and Outcomes From Ischemic Stroke: 
A Meta-analysis

• 1287 patients : 634 patients in the interventional arm vs 653 in the control arm

• A time to treatment analysis

• Benefit of endovascular treatment retained significance through 7hrs and18 minutes 

• Rates of functional independence after thrombectomy were 64% with reperfusion at 3 hours vs 46% with 
reperfusion at 8 hours.

• Every 9-minute delay in onset–to– endovascular reperfusion, 1% of treated patients had a worse disability 
outcome (higher score by 1 or more levels on the mRS).

• Every 4-minute delay in door-to-reperfusion, 1% of treated patients had a worse disability outcome

• Direct vs transfer patient's workflow times:

JAMA September 27, 2016 Volume 316, Number 12



2018-2019 Acute Stroke Guidelines



Who should we treat ? 









Improving stroke outcome

• Revascularize Faster + Better
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Endovascular therapy: 

DOUBLES the rate of good neurological outcomes (71% vs. 40%) 

Reduces the rate of mortality by HALF (9% vs. 20%) compared 
to standard of care treatment alone.





Future 
effort

Penumbral Imaging – Identifying 
salvageable tissue

“Wake up” strokes and unknown time of 
onset
• DAWN, DEFUSE 3

Improving systems of care 

• On field identification of ELVO (RACE, LAMS, VAN)
• Faster routing/transfer to CSC
• Faster door to groin times



Expanding the Therapeutic 
Window for Acute Ischemic 
Stroke:  Wake-up or 
Unwitnessed Stroke Onset

• ~10% of stroke patients arrive within 4.5 
hours of symptom onset and can be 
treated with IV tPA

 Up to 1/3 of stroke patients wake-up with 
stroke symptoms or have unwitnessed 
onset

 Historically, they are disqualified from 
acute treatments 

14.5

17.9

67.6

Known Time of Onset -67.6%

Unknown Time of Onset while 
Awake – 14.5%

Symptoms on Awakening-
17.9%

J Stroke Cerebrovasc. Dis. 2011. 

Unclear Onset Strokes ~ 30% of all Strokes



WAKE UP 
TRIAL 2018



DWI ( positive) FLAIR ( negative) mismatch may identify 
Strokes < 4.5 hours old

90 min 125 min 130 min 282 min

DWI

FLAIR

Thomalla et al. Ann Neurol. 2009.



 Acute stroke with “last known normal” time > 4.5 hrs (no upper time limit)
Met standard eligibility criteria for the use of alteplase
Had DWI-FLAIR mismatch (abnormal signal on DWI and no marked signal 

change on FLAIR in the region of the acute stroke). 
 Excluded: 
 Large strokes > 1/3 of MCA or NIHSS > 25
 Planned thrombectomy

 The primary endpoint was favorable outcome, defined as mRS = 0-1 at 90 days
 Randomized to Alteplase vs. Placebo within 4.5 hrs of awakening or “symptom 

discovery”

WAKE-UP Stroke Trial

Thomalla et al. NEJM 2018.



Shift in distribution of 
mRS scores of 90 day 

functional disability

P = 0.003

Thomalla et al. NEJM 2018.

WAKE-UP Stroke Trial

Primary Outcome
Alteplase:  53.3% mRS 0-1
Placebo: 41.8% mRS 0-1

P=0.02 
NNT = 8 



2019 AHA Acute Stroke Guidelines 



EXTEND-IA 
TNK Trial

• Campbell et al. NEJM 2018.



EXTEND-IA TNK Trial Rationale

Both alteplase and tenecteplase 
are fibrinolytics

Tenecteplase (TNK) is a genetically 
modified form of alteplase with 
increased fibrin specificity and 

increased resistance to 
plasminogen activator inhibitor 

(PAI-1) thereby leading to a longer 
half-life.

TNK is given as a single bolus 
rather than a one hour infusion.

~$3000 cheaper than alteplase, 
both made by Genentech

An agent with enhanced 
fibrinolytic activity, to reduce the 

need for thrombectomy, would be 
ideal.  

TNK has replaced alteplase as 
standard fibrinolytic agent for 
acute myocardial infarction.

Campbell et al. NEJM 2018.

alteplase

tenecteplase



EXTEND-IA TNK Methods

Hypothesis:

• Tenecteplase is non-
inferior to alteplase in 
achieving reperfusion 
at initial angiogram in 
patients planning to 
undergo endovascular 
therapy

• Superiority testing if 
non-inferiority was met

Inclusion criteria:  

• Eligible for 
thrombolytics <4.5 
hours

• Patients with LVO (ICA, 
M1, M2, or basilar 
artery) and could 
undergo 
thrombectomy in < 6 
hours

Randomized TNK 0.25 
mg/kg or alteplase 0.9 

mg/kg

Primary outcome: Initial 
angiogram modified TICI 

reperfusion score

Campbell et al. NEJM 2018.

alteplase

tenecteplase



EXTEND-IA TNK Results

Campbell et al. NEJM 2018.

P = 0.002 Non-Inferiority
P = 0.02 Superiority

Primary Endpoint

P = 0.04

Secondary Endpoint



EXTEND-IA 
TNK 
Conclusions

• Superior reperfusion at initial angiogram
• NNT 9 to avoid thrombectomy altogether

• Faster infusion / Less expensive

• However, giving TNK instead of alteplase to only 
thrombectomy candidates affects alteplase delivery to 
non-thrombectomy candidates as CTA must be 
performed prior to giving the thrombolytic to decide who 
will go on to thrombectomy and benefit from TNK

• Current best application may be for OSH transferring 
patients in for thrombectomy

• Two trials (TASTE and ATTEST-2) are enrolling patients for 
comparison of tenecteplase vs. alteplase in non-
thrombectomy patients

• Campbell et al. NEJM 
2018.



2019 AHA 
Guidelines 



AHA/JOINT COMISSION 
STANDARDS  American Heart Association and The Joint 

Commission have helped push evidence to 
the forefront of practice

 Setting up requirements for various levels of 
treating centers to meet current evidence-
based standards to become certified
 Acute Stroke Ready Hospital (ASRH)
 Primary Stroke Center (PSC)
 Thrombectomy-Capable Stroke Center 

(TSC)
 Comprehensive Stroke Center (CSC)

 Defined by acute stroke team availability, 
24/7 imaging, thrombectomy capability, 
neurosurgical consultation

Holder et al. ISC 2019. Submitted.
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