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Start with WHY?
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Stroke statistic in US

» In every 40 seconds, someone has a stroke 

» About 795,000 people have a new/ recurrent 

stroke each year.

» In every 3 minutes 45 seconds, someone dies 

from stroke.

» Stroke ranks No. 5 among all cause of death in 

US but No.2 worldwide.
Heart disease &Stroke Statistic 2018 at a Glance
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Stroke is a leading cause of long term disability
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What is a STROKE ?
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STROKE = BRAIN ATTACK 
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Two types of stroke
Ischemic Stroke (90%)

• Blockage of an artery, 
preventing blood flow into the 
brain.

Hemorrhagic Stroke (10%)

• Bleeding into a brain when blood 
vessel bursts.

Inspired by Rhode Island Stroke Force Training
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HEMORRHAGIC STROKE

Subarachnoid hemorrhage

http://strokecenter.org
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Subarachnoid hemorrhageIntracerebral hemorrhage

HEMORRHAGIC STROKE
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ISCHEMIC STROKE

LARGE VESSEL OCCLUSION
(LVO)

SMALL VESSEL OCCLUSION

http://strokecenter.org
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ISCHEMIC STROKE

LARGE VESSEL OCCLUSION
(LVO)

SMALL VESSEL OCCLUSION

http://strokecenter.org
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What is a large vessel occlusion (LVO) 
?
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Large Vessel Occlusion (LVO)



LVO



Internal carotid artery

The major circulation of the brain

Basilar artery
(BA)

Middle cerebral artery (MCA)

Internal carotid artery (ICA)

Anterior cerebral artery



Cerebral  circulation

strokecenter.org, wikipedia

http://strokecenter.org


alamy.com
Harrison’s Principle of Internal Medicine

Middle cerebral artery (MCA)

http://alamy.com


Symptoms depend on the affected 
location 



SPOT STROKE







LVO stroke Vs Small Stroke



Left sided neglect

Left sided weakness

Right gaze deviation

Right MCA syndrome
Left visual field defect



www.aic.cuhk.edu.hk/web8/toc.htm

Left gaze deviation

Aphasia

Right sided weakness

Right sided neglect

Left MCA syndrome

Right visual field defect





Look for Cortical Signs



SNOW Scale



Nonfluent speech or expressive aphasia
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A communication disorder that affects a person’s 
ability to process and use language.

What is Aphasia ?
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SNO scale …only check for speech fluency !!



33

1) Spontaneous speech?
2) What is this ? Show glasses or watch

Positive if 
• Mute
Can’t name
Decrease speech fluency
Speaking gibberish/incomprehensible

EXPRESSIVE APHASIA
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Wernicke-Geshwind Model Voxel-wise symptom mapping MRI

Anatomy of Expressive (Broca’s) aphasia 

Chronic Broca’s aphasia
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Anatomy of Neglect



• Standing on the side that the patient is weak
• Tap the patient twice on the shoulder and call 

their first name
Positive if 

The patient does not quickly turn their head & 
eyes to fully focus on & notice you  

TESTS FOR NEGLECT (TAP TEST)



TESTS FOR NEGLECT
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Check horizontal movement only :)



Gaze preference
Vs

Gaze deviation

*Oculocephalic movement

O= Ocular (gaze) deviation) 



O= Ocular deviation 



Anatomy of ocular (gaze) deviation



Tips
• Patient in Coma has 

SNOW positive !!!

• Check Doll’s eyes
exam if patient does not 
cooperate or not follow 
commands or 
decreased mental 
status



+ SNOW scale & potential Cortical areas 
involvement



Pomona Hospital Aurora Health 
Care

St. Luke hospital

Study type Retrospective Retrospective Prospective

Number 776 1381 283

Correctly identify 
LVO

98% 80% 84%

Incorrectly identify 
of NLVO to have 

LVO

44% 24% 37%

SNOW Data
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• No scale predicted LVO with both high sensitivity 
and high specificity.

•Systems that use LVO prediction instruments for 
triage will miss some patients with LVO and milder 
stroke

No Perfect scale

Stroke. 2018;49:e111-e122.
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Scales Item test Scoring 
SNOW 3 N
CPSS 4 Y
LAMS 3 Y
RACE 6 Y
VAN 10 N

FAST-ED 5 Y
PASS 3 Y
3I-SSS 3 Y

ACT-FAST 3 N
ELVO Score 3 N

LVO SCREENING SCALES



Posterior circulation stroke !!

• Severe headache
• Severe dizziness
• Nausea/vomiting
• Decreased mental 

status  !!!!!!!!!
• Severe slurred 

speech
• Double vision
• Difficulty swallowing
• Neck pain



Acute stroke Imaging



ASPECT SCORE

0-4: Large Size = No Reperfusion
5-7: Mid Size = Reperfusion but still significant disability
8-10: Small Size = Reperfusion with high likelihood of good outcome 



CT brain



MRI brain



Small core + Big penumbra



CT angiogram of head and neck



=



Ischemic symptoms

PENUMBRA

Swiss Med Wkly. 2017;147:w14538



CT Perfusion shows a large penumbra



CT Perfusion



MR Perfusion



Stroke is TREATABLE !





Modified Rankin Scale Score

0 1 2

3 4
5 6

Our Goal!!



PENUMBRA



Impact of collateral flow 

Stroke. 2015 November ; 46(11): 3302–3309.
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Reperfusion is the KEY!
Save Penumbra!!
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Treatment options

• Small vessel occlusion 

• IV-tPA within 3-4.5 hours

• Large vessel disease

• IV-tPA  within 3-4.5 hours

• + Mechanical thrombectomy within 6 hours (anterior 
circulation) and up to 24 hours in selected patients



1 Minute currency

• Loss 1.9 millions neuron

• Loss 2 days of healthy life (delay of tPA Rx)

• Loss 1 week of health life (delay of endovascular 
Rx, young & big stroke) 



rt-PA (Alteplase)

1995
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100 pt, 32 benefit if tPA given < 3h
100 pt, 16 benefit if 3-4.5 h
100 pt, 3 will have worse outcome

Stroke. 2009;40:2295-2296, Stroke. 2010;41:300-306

tPA efficacy in Stroke



IV-tPA & Proximal arterial occlusion

Dr. Khalassi, UCSD



75

Acute Stroke Intervention 
(Mechanical thrombectomy)









Aspiration Thrombectomy

JNIS 2015; 7:2-7

Presenter
Presentation Notes
Illustration of the ADAPT technique in a middle cerebral artery clot. (A) The Neuron Max guide catheter is positioned as far distally as possible in the supplying internal carotid artery. Through this a 5 Max reperfusion catheter is advanced over a Velocity microcatheter with a 0.016 inch Fathom wire. (B) The Fathom wire and Velocity microcatheter are advanced through and distal to the thrombus to provide stable support for the 5Max to be advanced to the face of the thrombus. (C) Aspiration is applied to the 5 Max until aspiration becomes occlusive and the 5 Max is then removed while maintaining aspiration to ensure the clot remains engaged in the catheter tip.



Aspiration Thrombectomy



Thrombectomy using Stent retriever



Solitaire Platinum Trevo XP

EmbotrapPenumbra 3D

Different types of stent retriever available in US



Five Mechanical Thrombectomy trials 

• MR CLEAN

• ESCAPE

• EXTEND-IA

• SWIFT-PRIME

• REVASCAT

2015







HERMES meta-analysis



The Thrombolysis in Cerebral Infarction (TICI) Score

* TICI= 

Recanalization

Recanalization= 71%



Functional independence at 3 months
49 pt (endovascular) Vs 27 pt (control)

Endovascular Treatment effect

International Journal of Stroke 2016, 11(8) 868–873



NNT to reduce disability

2.6!!
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Time is still BRAIN, 
but collaterals set the PACE!



Variable velocities of infarcted growth

ICA OCCLUSIONS

Swiss Med Wkly. 2017;147:w14538



Impact of collateral flow 

Stroke. 2015 November ; 46(11): 3302–3309.



Good Collateral Poor Collateral



Estimated infarct growth of patients with 
ICA or MCA occlusions

20%

30%

50%



N Engl J Med 2018;378:11-21.
N Engl J Med 2018;378:708-18.

DAWN & DEFUSE 3 Trials



https://www.youtube.cm/watch?v=upCsM9VMxv4

Occlusion of ICA or Proximal MCA
and
RAPID mismatch profile

N Engl J Med 2018;378:708-18.



NNT from DAWN & DEFUSE 3 trials

Reduce Disability

Functional
Independence

https://www.youtube.com/watch?v=upCsM9VMxv4

https://www.youtube.com/watch?v=upCsM9VMxv4


On scene

• Manage CABs (chest compression-airway -breathing)

• Stroke ? BEFAST

• Large Vessel Occlusion stroke? SNOW scale

• Last known well ?

• Medical problems (old stroke?)

• Any recent surgery?



On scene

• Medication lists (on Blood thinners?) (Taking 
it?)

• Bring the witness with your or get the cell phone 
number

• Baseline functional status

• Any advance directive





Pre-notification is critical !



STROKE REPORT

• Age

• Gender

• Last known well

• SNOW score

• Blood pressure

• Glucose

• Anticoagulants

• Contact number

• E.T.A.

ANTICOAGULANTS

• Coumadin (Warfarin)

• Heparin

• Lovenox (Enoxaparin) 

• Pradaxa (Dabigatran)

• Xarelto (Rivaroxiban) 

• Eliquis (Apixaban)

• Savaysa (Edoxaban) 

J Neurointerv Surg. 2018 Dec 7.



• More likely to receive tPA !! 

Always Pre-Notify! 





1.5 hr

15 mins

tPA

Onset to Groin= 4.5 hrs

Drip & Ship Model



15 mins

tPA

Onset to Groin= 1.5 hrs

Mothership model



Earlier Groin puncture time= 83 mins
Earlier tPA administration= 16 mins

Mothership
J NeuroIntervent Surg 2019;11:14–19.

Mothership Patient may have better 90-days outcomes
than those receiving drip &ship Rx!





NIH Stroke Scale

Large stroke = High NIHSS
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Blood clot
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Making sounds
Followed simple commands
Right arm is very weak
Right leg moves spontaneously

3 days after stroke
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Good collaterals
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Old stroke

78 years old woman with AF
Unknown onset < 24 hours
Global aphasia 
Right sided weakness
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CT PERFUSION
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Full recanalization

Next day talking, followed command, walking with PT



86 years old man with 
AF, Right MCA (M1) 
occlusion, NIHSS:23

R MCA occlusion



One spot of stroke from MRI

NIHSS=0



Late Window Paradox

19% 32%



STROKE REPORT

• Age

• Gender

• Last known well

• SNOW score

• Blood pressure

• Glucose

• Anticoagulants

• Contact number

• E.T.A.

ANTICOAGULANTS

• Coumadin (Warfarin)

• Heparin

• Lovenox (Enoxaparin) 

• Pradaxa (Dabigatran)

• Xarelto (Rivaroxiban) 

• Eliquis (Apixaban)

• Savaysa (Edoxaban) 

J Neurointerv Surg. 2018 Dec 7.



Nonfluent speech or expressive aphasia





Thank you !
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