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Field Politics & The Naming Crisis

NES - Neuro-Endovascular Surgery

ESN - Endovascular Surgical Neuroradiology

INR – Interventional Neuroradiology

IVN – Interventional Neurology

NIS - Neuro-Interventional Surgery

ENS - Endovascular Neurosurgery

CNSES – Central Nervous System 
Endovascular Surgery

EVN - Endovascular Neurology

INR – Interventional NeuroRadiology

INC – Interventional NeuroCardiology Neurology

ENS - Endovascular Neurosurgery
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LECTURE 
OBJECTIVES

1) The LVO Stroke:
– What is an LVO?
– Stroke & LVO data

2) Rapid Evaluation & Neuroimaging Tools:
– The Hyperacute Stroke Algorithm
– Confirming the LVO

3) Managing the LVO:
– The treatment
– The evidence

4) Expanding the LVO Treatment Window:
– Extending the acute LVO stroke therapy 

window to 24 hours (for the appropriate 
patients)

5) Other neuro-endovascular services
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The LVO 
Stroke
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STROKE
Hemorrhagic (~13%) -vs- Ischemic (~87%)
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The Large Vessel Occlusion Stroke
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General Stroke Facts

• Currently the 5th leading cause of death in US
• Kills 140,000 Americans each year (1 out of 

every 20 deaths)
• 795,000 people per year in US have a stroke 

(610,000 with first time stroke)
• Cost to the US per year: $34,000,000,000.00

• A leading cause of long-term disability
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LVO Stroke Facts

• LVO 
– Carotids, Verts±, MCA M1 ± M2, Basilar

• MVO (distal LVO)
– ACA A1/A2, MCA M2, PCA P1

• LVO = ~10% of all ischemic strokes
• If NIHSS > 10

– 81% PPV for LVO (48% sensitive) [Maas ‘09]
• Many LVO patients present with NIHSS < 10
• IV tPA works on ~10% of LVO’s
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COMMUNITY EDUCATION
SIGNS OF STROKE – BE FAST
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Timing is Everything…

TIME = BRAIN
(“1.8 million” neurons lost per minute)

VARIABLE TIME
TO INFARCT
(Not all brains are created equally)
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Rapid
Evaluation

&
Neuroimaging

Tools

12



This paradigm is becoming outdated!
-Prefer direct to CT scanner upon pt arrival to ER

-Prefer tPA within 45 min
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The Hyperacute Stroke Algorithm:
Immediate Needs

• Possible Acute Stroke?
– EMS alerts ER
– Activate Stroke Team, eEmergency services

• Direct to CT scanner (if vitals stable)
– CT Brain wo contrast

• Window for ASPECTS (W: 40 | C: 40)
– CTA Head/Neck w/ contrast (or CTP)

• Look for large vessel occlusion (LVO)
• Time of Last Known Well (LKW)
• VAN Assessment
• NIH Stroke Scale

– Exam of pertinent neurologic deficits
• Determine Treatment Options

– IV tPA and/or endovascular therapy
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The VAN Assessment

• Tool to identify symptoms congruent with a 
LVO stroke

• VAN Assessment:
– Unilateral weakness?  

• No, stop, VAN (-)
• Yes, continue with VAN

–Visual field cut -OR- Aphasia -OR- Neglect?
• 100% sensitive – 90% specific
• 73% PPV – 100% NPV NIHSS ≥ 6:

100% sen – 74% spe
58% ppv – 100% npv
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Avera eCARE Emergency
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• Assistance with treatment decision making, 
triage, transport

• ED Physician
• ED RN
• Avera Neurology 
• Avera Neuro-Endovascular Surgery



Large Artery Distributions
Vascular Territorial Strokes
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BRAIN ATTACK - INITIAL CT SCAN

Ischemic

Hemorrhagic

Aneurysmal SAH
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CT vs MRI in Acute Ischemic Stroke

Bottom line:
• MRI takes MUCH longer to scan…
• Requires screening for metal implants/foreign bodies…
• Use CT ASPECTS! 21



ASPECTS

• ASPECTS = “Alberta Stroke Program Early CT 
Score”

• Validated clinical tool to predict early ischemic 
changes in acute ischemic stroke

• Requires “some level” of neuroimaging 
experience

• This is difficult!   Practice makes perfect…
– Only “Canadians” can see the subtle difference (?)
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AJNR 2001
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Grading ASPECTS

• 10-point quantitative score, left or right 
hemisphere, clinically determined

• Look at all cuts.  Follow the 2-cut rule…
• 4 inner or basal ganglia regions:

– Ganglionic (deep structures):
• C, L, IC, Ins.

• 6 outer or cortex regions:
– Ganglionic: (caudate head or below):

• M1, M2, M3.
– Supra-ganglionic: (above caudate head):

• M4, M5, M6.

Ganglionic7

Supra-Ganglionic3

Caudate Head
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CT STANDARD -vs- CT ASPECTS

W: 40  |  C: 40W: 90  |  C: 30
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CTA STANDARD -vs- CTA ASPECTS

W: ~800  |  C: ~200 W: 40  |  C: 40 26



CT ASPECTS -vs- CTA ASPECTS

W: 40  |  C: 40W: 40  |  C: 40 27



A. CT

B. CTA-SI

C. Follow Up CT
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When is it Too Late?  ~ASPECTS ≤ 5
Caution: Interpreting radiologist read this as “no acute findings”
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Far Too Late… The Wipe Out
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Sx onset +1 hr Sx onset +2 hrs Sx onset +7-8 hrs



Searching for the Target LVO
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“Target LVO” – Large Vessel Occlusion
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“Target LVO” – Large Vessel Occlusion
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The “Target LVO” in the Cath Lab

34



CT Perfusion Imaging

• Generally NOT necessary 
within the standard 6-hour 
thrombectomy window

• Available at Avera 
McKennan for patients with 
LKW of 6-24 hours prior to 
presentation
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CTA vs. CT Perfusion

CTA Head / Carotid
• Identify blockage in 

cerebral vasculature
• IV contrast dye used
• LKW < 6 hours

– Assume tissue 
surrounding occlusion is 
salvageable

CT Perfusion
• Identify how well brain 

tissue around occlusion 
is being perfused

• Measures volume of 
salvageable tissue 
around an infarct

• LKW 6-24 hours
– Risk v. benefit of 

endovascular 
intervention
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Managing the LVO
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Acute Ischemic Stroke Treatment

• Revolution of acute stroke management over the 
last ~20-25 years

• Systemic IV tPA offered acute 
treatment option, at last:
– NINDS, 1995; etc.

• Endovascular mechanical thrombectomy for 
LVO’s (large vessel occlusions):
– 5 major trials, 2015, & beyond
– 2 extended window trials, 2017-2018

• Rapid neuroimaging tools are critical
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tPA for the LVO Acute Ischemic Stroke
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IV tPA Risks 
& Benefits

40

32 vs 3
(per 100)



Stroke – ELVO Management
ELVO: Emergency Large Vessel Occlusion

Endovascular Mechanical Thrombectomy
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Thrombectomy Devices

TREVOMERCI SOLITAIRE
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The Solitaire Stent-Retriever
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SR = 1st line
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Endovascular Therapy Clinical Evidence
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Endovascular Therapy Clinical Evidence
Early Failures  Later Success Stories
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Endovascular Therapy Clinical Evidence
Meta-Analysis of 5 Newer Trials (2015 onward)

A) All 5 trials 
favored 
intervention for 
functional 
outcome.
B) Decrease in 
mortality in the 
intervention arm 
(in all but 1 trial).
C) No significant 
difference in sICH
(note that SWIFT 
PRIME and 
EXTEND-IA had 
no symptomatic 
ICH).
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Endovascular Trial Overview
Study Onset to 

tPA
control,
median
time (min)

Onset to 
tPA endo,
median
time (min)

Onset to 
groin, 
median 
time (min)

Study CT to 
groin, 
median 
time (min)

Onset to 
reperfusion,
median 
time (min)

mTICI 2b-3 
(%)

TICI 2b-3 
(%)

90 day mRS
0-2 control,
(%)

90 day mRS
0-2 endo,
(%)

MR CLEAN 87 87 260 58.7 19.1 32.6

REVASCAT 105 117 269 355 65.7 28.2 43.7

ESCAPE 125 110 51 241 72.4 29.3 53

SWIFT 
PRIME

117 110.5 224 57 83 35 60

EXTEND IA 145 127 210 93 248 86 40 71

Collective Expectations:
CT head to groin puncture < 60 minutes
CT head to reperfusion < 90 minutes
TICI or mTICI of 2b-3 in 70% or more of patients
Overall reperfusion under 4 hours from stroke onset
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Endovascular Therapy 
Clinical Evidence - Conclusions

• EVT (endovascular therapy) significantly 
improved functional outcomes in a “selected 
group of individuals” with confirmed “target” 
large vessel ischemic strokes (within 6 hours 
from LKW)
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From “Slam Dunk” to “Ambiguous”
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(m2)TICI Scoring
• Grade 0: No perfusion.
• Grade 1: Minimal perfusion.
• Grade 2: Partial perfusion.

– 2a: partial filling of vascular territory.
– 2b: > 50% filling of vascular territory.
– 2c: > 90% filling of vascular territory.

• Grade 3: Normal/complete perfusion.

The general goal is 2B or better… 
or as Shakespeare would say:

“2B, or not 2B?
That is the question!”
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Expanding the LVO 
Treatment Window
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Perfusion Imaging

• Modalities:
– CTP
– MRP
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The Big “Perfusion” Question

Core vs Penumbra

• Stroke Core:
– Dead brain tissue  not reversible

• Stroke Penumbra:
– At risk brain tissue  reversible
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• Stroke Core          



• Stroke Penumbra


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Figure 1. Perfusion maps in a case of left MCA M1 segment occlusion.  Numbers 
indicate absolute values of CBV (left) and MTT/TTP (right) maps of the affected 
territory (left hemisphere) and the contralateral control side (right hemisphere).  
Values are calculated separately for the territory of the basal ganglia and the 
supraganglionic (cortical) regions. 
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CT Perfusion - Axial Maps
Source 0.5 mm CBV TTP

CBF MTT Delay
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Automation  Olea Sphere Analysis

CBF CBV

TTP
C D

Auto-
Threshold 
Volume

● CORE
● PENUMBRA
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Automation  Vital Vitrea Analysis
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New Data
DAWN (‘17)

DEFUSE-3 (’18)
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Extended Window for Thrombectomy?
DAWN Trial -&- DEFUSE-3 Trial
CT or MR Perfusion  RAPID

66



67



68



Inclusion Criteria Comparison

FACTORS DAWN ‘17 DEFUSE-3 ‘18

Age: 18+ 18-90

NIHSS: 10+ or 20+ 6+

Pre-stroke mRS: 0-1 0-2

LKW to Puncture: 6-24 hrs 6-16 hrs

CT or MR core: MCA < 1/3 ASPECTS 6+

Target LVO: ICA-T and/or MCA M1 ICA and/or MCA M1
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Inclusion Criteria Comparison

RAPID Perfusion DAWN ‘17 DEFUSE-3 ’18

Penumbra/Core Ratio: 1.8 or more

Penumbra/Core Diff: 15 mL or more

Core: 50 mL or less
Age < 80 & NIHSS 20+

70 mL or less

30 mL or less
Age < 80 & NIHSS 10+

20 mL or less
Age 80+ & NIHSS 10+

Endovascular Device: Trevo only! Any FDA-approved 
thrombectomy device

Endovascular Roadblock: Angioplasty of cervical 
ICA (no stenting)

Angioplasty or stenting 
of cervical ICA

NOTE: Only 61.5% of 
DEFUSE-3 patients met 
the more strict DAWN 
inclusion criteria.
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Patient Characteristics

FACTORS DAWN ‘17 DEFUSE-3 ‘18

EVT: Control: EVT: Control:

Age: 69 71 70 71

Male Sex (%): 39% 52% 50% 49%

NIHSS: 17 17 16 16

Stroke Witnessed (%): 10% 14% 34% 39%

A-Fib (%): 40% 24%

Rx with IV tPA (%): 5% 13% 11% 9%
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Patient Characteristics

FACTORS DAWN ‘17 DEFUSE-3 ‘18

EVT: Control: EVT: Control:

Stroke Core (mL): 7.6 mL 8.9 mL 9.4 mL 10.1 mL

Stroke Penumbra (mL): 114.7 mL 116.1 mL

ICA Occlusion (%)*: 21% 19% 35% 40%

MCA M1 Occlusion (%): 78% 78% 65% 60%

CT ASPECTS: 8 8

*DAWN = ICA-T only.
*DEFUSE-3 = any ICA occlusion. 72



mRS - Modified Rankin Scale
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90-Day mRS – Primary Result
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DAWN’s “12th Hour” Sub-Analysis
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DAWN – LKW to Randomization
Probability of 90-Day mRS of 0-2
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DEFUSE-3 – LKW to Randomization
Percentage of 90-Day mRS of 0-2
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The Bad Outcomes

FACTORS DAWN ‘17 DEFUSE-3 ‘18

EVT: Control: EVT: Control:

sICH (%): 6% 3% 7% 4%

Neuro Deterioration: 14% 26% 9% 12%

Death by Stroke @ 90d: 16% 18%

Any Death @ 90d: 19% 18% 14% 26%

Procedure Complication: 7% 0% (>3%) (0%)
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Extended Window LVO Guidelines
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Extended Window LVO Guidelines
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Management 
of Other 

Neurovascular 
Disorders



Carotid Revascularization

• Carotid atherosclerosis 
contributes to LVO 
stroke risk

• Carotid artery stenting 
(CAS), Carotid 
Endarterectomy (CEA)
– Goal to reduce future 

risk of stroke
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Vertebral Artery Stenosis

• VA stenosis contributes to heightened risk of 
posterior circulation stroke

• Angioplasty & stenting can be performed in 
select cases to increase perfusion
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Carotid Artery Dissection

• Tear in inner lining of carotid artery leads to 
risk of:
– Embolic stroke
– Dissecting aneurysm
– Hemorrhagic stroke
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Carotid Artery Dissection
Endovascular Treatment
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• If patient develops pseudoaneurysm, this can be clipped, 
coiled, or treated with endovascular flow diversion.



Intracranial Aneurysm Treatment

• Elective 
– Risk of rupture vs. risk of 

treatment

• aSAH
– Ruptured aneurysm to 

be treated within 24 
hours of bleeding event
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Intractable Epistaxis

• Refractory epistaxis that cannot be managed 
by pressure, ice, cautery, ENT surgery.

• Usually originates from distal branches of the 
internal maxillary artery (IMAX)

• Internal maxillary artery embolization
– Particle injection into the IMAX to reduce blood 

flow, control bleeding.
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Reducing Bleed Risk:
Embolization

• Arteriovenous malformation
• Dural AV fistula
• Tumor, meningioma
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Wada Test

• Pre-epilepsy surgery evaluation to determine 
eloquence of targeted tissue for planned 
surgical excision.
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THE END!

References:
• The CDC
• The NEJM
• The 2018 ISC
• ASPECTS
• Meta-analysis of major 2015 EVT trials
• The DAWN Trial
• The DEFUSE-3 Trial
• The VAN Study
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