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Objectives

• The problem

• The options

• The evidence

• The solution

• The challenges



The Problem

Stroke: The sudden death of brain cells due 

to lack of oxygen, caused by blockage of 

blood flow or rupture of an artery to the 

brain.



Stroke

Hemorrhagic: 

13%

Ischemic: 

87%

Source: Mackey WC. CHAPTER 92 – Cerebrovascular Disease : General Considerations. Rutherford’s Vascular Surgery. 7th Edition. 2010.



Ischemic Stroke

• Stroke affects >800,000 people in US 
each year

• It is the 4th leading cause of death in 
North America
– >150,000 deaths in US/year

• Morbidity
– 15-30% permanently disabled

• Economic
– 2012 direct and indirect cost of 

stroke: $45.5 billion

https://www.cdc.gov/stroke/



Time is Brain
Neurons Lost Synapses 

Lost

Accelerated 

Aging

Per Stroke 1.2 billion 8.3 trillion 36 yrs

Per Hour 120 million 830 billion 3.6 yrs

Per Minute 1.9 million 14 billion 3.1 weeks

Per Second 32,000 230 million 8.7 hrs

(Total number of neurons in the average human brain is 130 billion)

Stroke 2006;37:263-266



LVO Background - USA

Thrombectomy - 100% increase, 2014 -> 2016, but
We only treated < 20% of eligible patients in 2016



MRI/CT Abnormality: Bioenergetic Compromise = Core                    

Perfusion Abnormality: Hemodynamic Compromise = Ischemic

Diffusion/Perfusion Mismatch = Penumbra

Mismatch: Penumbra



Why is Time Important? 
• The area peripheral to a core infarct where 

metabolism is active but blood flow is diminished 
is called the ischemic penumbra

– This is salvageable tissue that is at risk for 
infarction.

• The penumbra lies in a 'no-man's land' between 
a zone of low blood flow that is < 25 ml/100 mg 
brain tissue/min and a zone where brain tissue 
is undergoing necrosis/death, flow of < 8-10 
ml/100 mg/min1

• Without restoration of blood flow/oxygen, the 
ischemic penumbra will convert to ischemic core 
or tissue death

1- http://medical-dictionary.thefreedictionary.com/ischemic+penumbra

BrainIschemic 
Penumbra

Core 
Infarct



The Options

• Medical supportive care
• Intravenous t-PA

– Clot busting medicine 
– < 3 hours from symptom onset 

• Thrombectomy
– Endovascular clot removal
– Appropriate for LVO (large vessel occlusion)
– < 24 hours from symptom onset based upon advanced 

imaging based patient selection



Intravenous Recombinant Tissue Plasminogen Activator 

• 333 patients, Published December 1995.
• Compared with patients given placebo vs. patients treated with t-PA 

within 3 hours 
• Patients treated with t-PA were at least 30 percent more likely to 

have minimal or no disability at three months.



Options for Patients Experiencing an 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. 
Patient is send to rehab or a 
nursing facility when stable.

Bridging 
Therapy



Thrombectomy Goals

Occlusion

Normal Occlusive clot Normal

Thrombectomy 



TICI Score
Thrombolysis in Cerebral Infarction Score

No perfusion Limited Perfusion < 50% vascular 

territory

≥ 50% vascular 

territory

Full Perfusion

Mokin et al; Neurosurg Focus 2014



Reperfusion with IV rt-PA

MCA-M1: 24-32%

ICA-T: 4-8%

MCA-M2: 31-44%

Del Zoppo et al., Ann Neurol 1992

Saqqur et al. Stroke. 2007 Mar;38(3): 948-954.

Bhatia et al. Stroke. 2010;41: 2254-2258.



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.



Goal of Ischemic Stroke Treatment
Before Intervention
The blood vessels in 
the circle are not 
visible because a 
blood clot is blocking 
blood flow to those 
vessels.

After Successful 
Intervention
Once the blood clot is 
removed, the blood 
vessels fill with blood 
and are visible again.

To open the blocked 
blood vessel, 
thereby restoring 
oxygen and 
nutrients to the 
affected territories 
in the brain



Buying Time: Assessing collateral status

• Three medical centers retrospectively assessed stroke patients with a NIHSS of ≥8, 

regardless of time from symptom onset, who had CT perfusion maps that defined 

salvageable penumbra and underwent intra-arterial revascularization.

• Patients were divided into two groups for analysis: ≤8 h and >8 h from symptom 

onset to endovascular procedure.



CT Perfusion: Completed Infarct



CT Perfusion: Salvageable Penumbra 



Thrombectomy Devices

MERCI Retriever Aspiration Stentriever



Rapid Evolution of Thrombectomy Approaches

Original

Penumbra System®

Solitaire, Trevo

5MAX™ Solumbra
ACE™ and ADAPT

7 Trials Support

Mechanical Thrombectomy

Aspiration & Stent Retriever

Stent Retriever

Aspiration then Stent Retriever if needed

ACE™ 64

Merci®



*Non FDA-Approved Therapies

Improvements in Technology
Arrival of stentrievers and larger/more navigable aspiration catheters

• Easier to use

• More predictable outcomes

• Faster vessel recanalization

Images from; www.stryker.com, www.ev3.net, and www.penumbrainc.com

http://www.stryker.com/
http://www.ev3.net/
http://www.penumbrainc.com/


Stroke Case:

Pre-Procedure
32 year old smoker, 

hypertension. Prior episodes of 

slurred speech but never 

sought medical attention. 

Witnessed onset of aphasia, 

Right hemiplegia and left gaze 

preference. Pre treatment 

NIHSS=20. IV tPA given



CT Scan RAPID analysis demonstrates a small area of infarct and a large area 

of hypoperfusion. There is also an old stroke on the contralateral (right) side. 

Stroke Case: Imaging



Initial angiography confirms large vessel occlusion (left M1 segment)

Stroke Case: Angiography



ADAPT direct aspiration technique. Puncture to recanalization 14 minutes. 

Repeat angiography demonstrates complete recanalization 

Stroke Case



5 Min Post-Procedure

Puncture to 

recanalization: 14mins. 

24 hour NIHSS=1 



24h Post-Procedure

90 day follow up neurologically 

intact;  mRS=0



The Evidence

• IV t-PA has been approved for treatment of acute 
ischemic stroke since 1996.

• It has to be administered within 3 hours of 
symptom onset
– Up to 4.5 hours based upon recent European trials

• Evidence for endovascular treatment
– 2015 

– 2018



• Since January 1st of 2015, FIVE major prospective, 
randomized controlled trials have been published comparing 
mechanical thrombectomy to best medical management:

– MR CLEAN

– ESCAPE

– EXTEND-IA

– SWIFT PRIME

– REVASCAT

New England Journal of Medicine 2015: 

Clear and Convincing Data



A Multicenter Randomized CLinical trial of 

Endovascular treatment for Acute ischemic 

stroke in the Netherlands (MR CLEAN)

• Sites: 16 centers in Netherlands

• Patients: 500

233 randomized to IA thrombectomy

267 randomized to medical management

• Age 18+ 

• Included mild-severe stroke severity

• Time: Treatment initiated within 6 hrs

• Primary Outcome: mRS at 90 days 

• Treatment in IA arm: No requirement, but 

retrievable stent in majority

Berkhemer et al; NEJM, 2015



A Multicenter Randomized CLinical trial of 

Endovascular treatment for Acute ischemic stroke 

in the Netherlands (MR CLEAN)

Good Outcome (mRS 0-2):

33% in IA thrombectomy group

19% in medical group

Conclusion:

Significantly better outcomes with 

thrombectomy compared to 

medical management

Berkhemer et al; NEJM, 2015



Endovascular Treatment for Small Core and 

Proximal Occlusion Ischemic StrokE 

(ESCAPE) 

• Sites: 22 centers mostly in N America

• Patients: 315 (halted early due to efficacy)

165 randomized to IA thrombectomy

150 randomized to medical

• Age 18+

• Included mild-severe strokes

• Time: Treatment within 12 hours of onset

• Primary Outcome: mRS at 90 days

• Treatment in IA arm: Retrievable stent

Goyal et al; NEJM, 2015



Endovascular Treatment for Small Core and 

Proximal Occlusion Ischemic StrokE 

(ESCAPE) 
Good Outcome (mRS 0-2):

53% in IA thrombectomy group

29% in medical group

Conclusion:

Significantly better outcomes 

with thrombectomy compared 

to medical management

Goyal et al; NEJM, 2015



Extending the Time for Thrombolysis in 

Emergency Neurological Deficits – Intra-

Arterial (EXTEND-IA)
• Sites: 10 centers mostly in Australia and New 

Zealand

• Patients: 70 (halted early due to efficacy)

35 randomized to IA thrombectomy

35 randomized to medical

• Age 18+

• Included mild-severe strokes

• Time: Within 6 hours of onset

• Primary Outcomes:

1. Reperfusion at 24 hours (% reduction in 

perfusion-lesion volume)

2. Decrease in NIHSS of 8 or more points 

at 3 days, or NIHSS of 0 or 1 at 3 days

• Treatment in IA arm: retrievable stent

Campbell et al; NEJM, 2015



Extending the Time for Thrombolysis in 

Emergency Neurological Deficits – Intra-Arterial 

(EXTEND-IA)
Good Outcome (mRS 0-2):

71% in IA thrombectomy group

40% in medical group

Conclusion:

Significantly better outcomes with 

thrombectomy compared to 

medical management

Campbell et al; NEJM, 2015



Solitaire With the Intention For Thrombectomy as 

PRIMary Endovascular treatment (SWIFT PRIME)

• Sites: 39 centers mostly in US and 

Europe

• Patients: 196 (halted early due to 

efficacy)

98 randomized to IA thrombectomy

98 randomized to medical

• Age 18-80

• Included moderate-severe strokes

• Time: Within 6 hours of onset and within 

1.5 hours of imaging

• Primary Outcome: mRS at 90 days

• Treatment in IA arm: retrievable stent

Saver et al; NEJM, 2015



Solitaire With the Intention For Thrombectomy as 

PRIMary Endovascular treatment (SWIFT PRIME)

Good Outcome (mRS 0-2):

60% in IA thrombectomy group

35% in medical group

Conclusion:

Significantly better outcomes 

with thrombectomy compared 

to medical management

Saver et al; NEJM, 2015



Endovascular Revascularization With Solitaire 

Device Versus Best Medical Therapy in Anterior 

Circulation Stroke Within 8 Hours (REVASCAT)

• Sites: 4 centers in Spain

• Patients: 206

103 randomized to IA thrombectomy

103 randomized to medical

• Age 18-85

• Included mild-severe strokes

• Time: Within 8 hours of onset

• Primary Outcome: mRS at 90 days 

• Treatment in IA arm: retrievable stent

Jovin et al; NEJM, 2015



Good Outcome (mRS 0-2):

44% in IA thrombectomy group

28% in medical group

Conclusion:

Significantly better outcomes with 

thrombectomy compared to medical 

management

Endovascular Revascularization With Solitaire 

Device Versus Best Medical Therapy in Anterior 

Circulation Stroke Within 8 Hours (REVASCAT)

Jovin et al; NEJM, 2015



Endovascular Stroke Trials

MR CLEAN REVASCAT ESCAPE SWIFT PRIME EXTEND-IA

P<0.5 P<0.05 P<0.001 P<0.001 P<0.01

MT 33% 44% 53% 60% 71%

Control 19% 28% 29% 36% 40%

G
o
o
d

 O
u

tc
o
m

e
 (

%
)

R
a
n

k
in

 0
-2

 a
t 

 9
0
 

d
a
y

s

0

25

75

50



ESCAPE Outcomes





DAWN

DEFUSE 3



Conclusions from DAWN and DEFUSE 3

Selection should be based on imaging, not time



New Guidelines - 2018







Each 30 minutes = 10% loss!

Timing is Critical

Khatri et al; Neurology 2009



Time is Brain Analysis with EVT



Process Efficiencies Matter after 
arrival at Endovascular Hospital



< 60 minutes

- Neurological evaluation
- Imaging evaluation
- Thrombectomy



Thank You



Swedish Medical Center  
Neurovascular Team

• 14 + hospitalist neurologists
– Evaluate patients from 60 telemedicine hospitals in 

the western USA

– Neurologist meets ALL stroke patients upon arrival

– In suspected LVO patients, the INR team meets the 
patient upon arrival in CT - 24/7/365

• 4 neuro-interventional surgeons

• 6 stroke nurse practitioners





Swedish Medical Center Spoke and Hub Treatment Area – 10 million population





Sunday November 20, 2016

• 29 y.o. male transferred from Billings, Montana

• Marfans syndrome, intubated before transfer



Billings, MT

2 hour fixed wing flight
600 miles



Sunday November 20, 2016

• 29 y.o. male transferred from Billings, Montana

• Marfans syndrome, intubated before transfer

• Door - 3:50 pm 

• CT - 4:00 pm





Sunday November 20, 2016

• 29 y.o. male transferred from Billings, Montana

• Marfans syndrome, intubated before transfer

• Door – 3:50 pm 

• CT - 4:00 pm

• Access - 4:23 pm



4:23 pm



TICI 3 recanalization – 1 pass ACE 68



Sunday November 20, 2016

• 29 y.o. male transferred from Billings, Montana

• Marfans syndrome, intubated before transfer

• Door – 3:50 pm 

• CT - 4:00 pm

• Access - 4:23 pm

• Recan. - 4:36 pm

Door – recanalization 
46 minutes



Friday night, 7:00 pm, at my home, with visiting 
physicians from Japan 

• 31 y.o. female – aphasia, right hemiplegia 

• Cardiomyopathy, ejection fraction 10%

• Not therapeutic on coumadin

• CT/CTA at a hospital 9 miles away at 6:42 pm

– Reviewed prior to arrival









90 mRS - 0

24 hour MRI, NIHSS - 1



LVO Stroke - Time is Brain

•1.8 million neurons lost each minute

•Probability of a good outcome reduced 10% every 30 minutes until 
treated1

•Every 30 minute delay to revascularization = 7% increased risk of 
moderate to severe disability and 11.8% increase in mortality2

1. Stroke 2006; 37: 263–266

2. Linfante et al. Predictors of mortality in acute ischemic stroke intervention: analyis of the 

North American Solitaire Acute Stroke Registry. Stroke 2015;46;2305-8.



*Non FDA-Approved Therapies

Passage of time from the start of the stroke occurs 

differently for every patient 

• Data supports a time window, but is the window the same for all 
patients?
− Wake up Stroke: “last time known well” excludes many from 

treatment

− Posterior Strokes: tolerate ischemia longer than anterior stroke 
and may have viable penumbra beyond 6 or 8 hours

− Collateral Circulation: affects a patient’s ability to tolerate an 
occluded vessel

• An alternative to the traditional time window may be advanced 
imaging techniques in selected patients
− CT Perfusion

− MRI Diffusion/Perfusion



Early Treatment = Better Outcome

Marler J.R. et. al., Early Stroke Treatment Associated with Better Outcome, The NINDS rt-PA Stroke Study Neurology 55 December 2000.



The Solution



LVO Stroke Treatment –

A Team Sport

• Community Education
• EMS appropriate triage to IA capable facility
• Rapid ED evaluation and triage to endovascular
• Acute Neurology/Neurointerventional Surgery 

consultation
• t-PA and/or Embolectomy
• Neurocritical care
• Rehabilitation
• Risk factor modification



• Detection: Early stroke recognition

• Dispatch: Early EMS activation

• Delivery: Transport, triage & management

• Door: ED triage

• Data: ED evaluation & management

• Decision: Neurology input, therapy selection

• Drug: Thrombolytics & Endovascular therapies

• Disposition: Admission or transfer





Stroke scales mobile app

• Tool for first responders to assess stroke 
severity in the field

• Based on results, app recommends the 
type of facility to which the stroke patient 
should be transported.



Stroke scales mobile app



Thank You
don.frei@riaco.com


