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Overview

A Jointly presented by ASA and SVIN
A No CEs available for webinar
A Certificate of Completion is available
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A Dr. Colin Derdeyn : Equity: Pulse, Inc (Chair, Scientific Advisory Board); Research
Support: Siemens Healthineers ; DSMBsT Penumbra (MIND), NoNO (ESCAPE NA1l and
FRONTIER), Genae (TIGERTRIEVER)Neurointerventional Pl- MOST Trial (NIH NINDS)

A Dr. Achala Vagal :Pl, RO1 NIH/NINDS NS103824; PI, RF1 NINDS/NIA NS117643; Co-1, RO1
NIH/NINDS NS100417; Co -1, NIH/NINDS 1U01NS100699; Co -1, NIH/NINDS UO1NS110772;
Pl, Imaging Core Lab, ENDOLOW Trial, Cerenovus , Johnson & Johnson

A Dr. Marc Rib6 : Co-Principal Investigator of RACECAT Trial: funded by Medtronic
through Fundacio Ictus; Co -Principal Investigator of WE -TRUST Trial: funded by Philips;
Co-founder of Anaconda Biomed; Consulting agreements: Medtronic, Stryker,
Cerenovus , Apta Targets, Anaconda Biomed, CV Aid, Methinks Al.




e

American
Stroke
Association.
A division of the

nnnnnnnnnnnnnnnnnnnnnnnnn

Questions

o
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Stroke N\ Webin ar staff to everyone
Association. v, " =
A division of the :

American Heart Assockation, o= T T The test webinar will begin soon.

International Perspectives on Stroke
I Triage, Diagnosis and Treatment
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Moderators

Colin P. Derdeyn, MD, FACR Jennifer Potter -Vig, PhD
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Director, Neurovascular Imaging Research Core
Director, UCLA Comprehensive Stroke Center
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The opinions expressed during this webinar are those of the speakers and do not necessarily reflect the opinions,
recommendations or guidance of American Stroke Association or Society of Vascular and Interventional Neurology.
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Objectives
A Understand evidence -based guidelines for imaging.

A Distinguish which imaging is proper based on assessment.

A Compare considerations in access to stroke diagnosis in
various countries and regions of the world.

A Describe transfers and the mobile stroke unit.
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Multimodal Imaging in AIS

A Use what you have - acquisition, interpretation to
Implementation in decision  -making

A Practice in era of precision stroke medicine
A Imaging is part of clinical examination
A Patterns, not size, are key

A Ischemia, blood flow and hemorrhage - stroke Is a vascular
kfk~°Ui k©sg° ki fk-° j~ }x{°s}iin{
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A Evolution of precision medicine with imaging in AIS
A Math analogy

A Defining variablescore size (x), penumbral extent (y)

A Considering disparate definitions of core (x) and penumbraQy) vs DWICBETmaxthresholds
A Expanding number of equation termg+y=outcome

A Refining probabilistic basis and estimates

A Conditional terms IF, OR, AND

A Multivariate computations that vary for individuals across a population

A & ! Llmbdernization, but black box, inevitably rooted in most important clinical questions and
O2Yy U SEUX
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A Overview of current imaging modalities & strategies

A Role of multimodal CT and MRI, TCD, DSA

A From prototypical M1 MCAO to real  -world care

A*~ -k k ~}Yo{k- ~- - ~MO-r1j° ip 0O6~"gHt
perfusion
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Imaging Selection for Thrombolysis & Thrombectomy

A Consensus on imaging for thrombolysis and thrombectomy
for acute ischemic stroke:

A Use available resources and hone expertise
A Imaging modalities offer distinct perspectives
A Selection of patients is outdated
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Disparities in Stroke Care

A Local, regional and global disparities in imaging resources

A Expertise varies widely, yet develops with practice and matters
tremendously

A Diagnostic confidence is paramount, but also varies
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Decision -Making with Imaging
A Imaging is a component of the clinical evaluation

A Isolated results of any imaging study cannot be used to make
clinically relevant decisions

A Imaging strategies as support tools
A Multimodal CT or MR, direct thrombectomy
A Post-processing - semi-automated

A Interpretation and real  -time implementation in routine clinical
practice

ciety of Vascular and
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Slmpllflcatlon of Stroke

A Protocols, guidelines and consensus statements are mere
tools, not a guaranteed recipe for successful outcomes

A Acute ischemic stroke pathophysiology is complex and highly

INC

Ividualized (e.g. collaterals)

A Ex

pertise matters

A Least common denominator of stroke imaging - from basic
approaches (e.g. noncontrast CT) to more informative
strategies ( e.g.perfusion )
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A Imaging definitions vary
AdLISY dzYOo NI ¢ YR aO2NBE
AVolumes othresholdedparameters (e.g. cc s€BR30%)
A Modalities depict different facets
A Stenosis (CTA or MRA)
A Collaterals (CTA or DSA)
A6-kg-k° -~ +pgdcessingp ©j - °
A ASPECTS as the Rorschach test of acute stroke imaging

ciety of Vascular and
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Precision Medicine in Stroke Imaging

A Selecting imaging strategies for each individual patient, not
about patient selection

A Imaging of phenotype in acute ischemic stroke
Aestablishes a specific subtype diagnosis

Aprovides insight on expected prognosis
Ainforms medical decisions about selective treatments

"MF‘.‘V':A‘.‘.,"C“A = ere ‘ rovascu ar U lsease
OOOOOOOOO é — ooy P
2veloping precision stroke imaging
Edward F ' and David S. Liebeskind’* REV'EW

Principles of precision medicine in stroke

Jason D Hinman,' Natalia S Rost,> Thomas W Leung,3 Joan Montaner,* Keith W Muir,”
Scott Brown,® Juan F Arenillas,” Edward Feldmann,® David S Liebeskind'
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The opinions expressed during this webinar are those of the speakers and do not necessarily reflect the opinions,
recommendations or guidance of American Stroke Association or Society of Vascular and Interventional Neurology.
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Learning Objectives

A Understand evidence -based guidelines for imaging
A Distinguish which imaging is proper based on assessment
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Role of imaging In stroke?

A Is there hemorrhage?

A Location and extent of acute ischemia?
A Presence and site of vessel occlusion ?
A Collateral status ?

A Is there salvageable brain ?

A s this a stroke mimic?

Imaging is a triage & treatment selection tool
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Evidence for best imaging paradigm selection for LVO

None of the trials compared the effect of the selection of EVT candidates
with and without advanced imaging selection
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Vessel Imaging
AHA/ASA Guidelines: 2019 Update

2.2.3. Mechanical Thrombectomy Eligibility-Vessel Imaging COR LOE

1. For patients who otherwise meet criteria for mechanical thrombectomy,
noninvasive vessel imaging of the intracranial arteries is recommended
during the initial imaging evaluation. I

2. For patients with suspected LVO who have not had noninvasive vessel
imaging as part of their initial imaging assessment for stroke, noninvasive
vessel imaging should then be obtained as quickly as possible (eg, during
alteplase infusion if feasible).

Powers et al. 2019 Update to the 2018 Guidelines for the Early Management of Acute Ischemic Stroke.
Stroke. Volume 50, Issue 12, December 2019
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Advanced imaging for extending
treatment windows

Premise

A Infarct growth is variable

A Many patients have salvageable tissue beyond standard treatment times
A Advanced imaging can identify these patients

A These may benefit from reperfusion treatments in delayed time period
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Initial Growth Rate: Known Onset & M1 Occlusion
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Time between Symptom Onset and Baseline MRI (hrs)

Wheeler HM, et al. Int J Stroke. 2015
Courtesy: Dr. Greg Albers
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Perfusion Imaging
AHA/ASA Guidelines: 2019 Update

2.2.4 Mechanical Thrombectomy Eligibility-Multimodal Imaging

Recommendations COR LOE

1. When selecting patients with AIS within 6 to 24 hours of last known normal
who have LVO in the anterior circulation, obtaining CTP or DW-MRI, with or
without MRI perfusion, is recommended to aid in patient selection for
mechanical thrombectomy, but only when patients meet other eligibility
criteria from one of the RCTs that showed benefit from mechanical
thrombectomy in this extended time window.

2. When evaluating patients with AIS within 6 hours of last known normal
with LVO and an Alberta Stroke Program Early Computed Tomography
Score (ASPECTS) of 2 6, selection for mechanical thrombectomy based on
CT and CTA or MRI and MRA is recommended in preference to
performance of additional imaging such as perfusion studies.

Powers et al. 2019 Update to the 2018 Guidelines for the Early Management of Acute Ischemic Stroke.
Stroke. Volume 50, Issue 12, December 2019




e

American

Stroke
Association.
A division of the

American Heart Association. Society of Vascular and

Less than 6 hours : Higher benefit with use of
advanced imaainag

PICO 9: Benefit of MT according to advanced imaging patient selection: mRS 0-2

%
Study MT+BMM BMM OR (95% ClI) Weight

Perfusion or collateral imaging patient selection

EXTEND IA (2015) 25/35 14/35 > 3.75(1.38, 10.17) 3.68

ESCAPE (2015) 87/164 43/147 n| 2.73(1.71, 4.37) 16.64
SWIFT PRIME (2015) 59/98 33/93 = 2.75(1.53, 4.94) 10.65
Subtotal (I-squared = 0.0%, p = 0.846) i 2.84 (2.02, 4.01) 30.97

No perfusion or collateral imaging patient selection

REVASCAT (2015) 45/103 29/103 = 1.98 (1.11, 3.53) 10.91
THRACE (2016) 106/200 85/202 —— 1.55(1.05, 2.30) 23.63
THERAPY (2016) 19/50 14/46 - 1.40 (0.60, 3.27) 5.09
MR CLEAN (2015) 76/233 51/267 — 2.05 (1.36, 3.09) 21.80
PISTE (2017) 17/33 12/30 1.59 (0.59, 4.33) 3.67
EASI (2017) 19/35 14/32 1.53 (0.58, 4.01) 3.94
Subtotal (l-squared = 0.0%, p = 0.916) <> 1.75(1.39, 2.20) 69.03

Heterogeneity between groups: p = 0.021

| | | I
5 1 2 5 10

« Favours BMM alone Favours MT + BMM —

ORs for functional independence - 2.84 (trials with advanced imaging)
- 1.75 (trials without advanced imaging

Turc G, Bhogal P, Fischer U, et al. J Neurolntervent Surg 2019
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Less than 6 hours: Advanced imaging for
patient selection for LVO

A Patient selection with perfusion/collateral imaging does modify expected therapy
effect.

A BUT - Advanced imaging may exclude patients who have the potential to respond
favorably to reperfusion.

A EVT was clearly superior in trials in which only NCCT/CTA were required - MR CLEAN
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ESO/ESMINT Guidelines 2019

» In adult patients with anterior circulation large vessel
occlusion-related acute ischemic stroke presenting from 0 to
6 hours from time last known well, advanced imaging is not
necessary for patient selection.

Quality of evidence: Moderate @D P; strength of

recommendation: Weak |?

» In adult patients with anterior circulation large vessel
occlusion-related acute ischemic stroke presenting beyond
6 hours from time last known well, advanced imaging
selection is necessary.

Quality of evidence: Moderate P P; strength of

recommendation: Strong 11
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thrombolysis (4.5 -9 hours and Wake up stroke)

Extending thrombolysis to 4-5-9 h and wake-up stroke using
perfusion imaging: a systematic review and meta-analysis of

individual patient data

Bruce CV Campbell*, Henry Ma*, Peter A Ringleb*, Mark W Parsons, Leonid Churilov, Martin Bendszus, Christopher R Levi, Chung Hsu,
Timothy J Kleinig, Marc Fatar, Didier Leys, Carlos Molina, Tissa Wijeratne, Sami Curtze, Helen M Dewey, P Alan Barber, Kenneth S Butcher,
Deidre A De Silva, Christopher F Bladin, Nawaf Yassi, Johannes A R Pfaff, Gagan Sharma, Andrew Bivard, Patricia M Desmond, Stefan Schwab,
Peter D Schellinger, Bernard Yan, Peter | Mitchell, Joaquin Serena, Danilo Toni, Vincent Thijs, Werner Hacket, Stephen M DavisT,

Geoffrey A Donnant, on behalf of the EXTEND, ECASS-4, and EPITHET Investigators

A Excellent outcome ( mRS0-1) 36% in alteplase group vs 29% in placebo group
A Trials were before EVT as standard of care
A Perfusion may extend time window for thrombolysis if EVT not available/ineligible
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Collateral Imaging - Data

A ESCAPE- ASPECTS 6 plus good/intermediate collaterals on multiphase CTA up to
12 hours

A Secondary analyses MR CLEAN and IMS Ill - supporting role of collaterals in
identifying patients likely or unlikely to benefit from EVT

A HERMES collaboration - no significant modification of treatment effect by
collateral grade (p interaction= 0.30)
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Collateral Imaging
AHA/ASA Guidelines: 2019 Update

13. It may be reasonable to incorporate collateral flow status into
clinical decision making in some candidates to determine lib C-LD
eligibility for mechanical thrombectomy.

Powers et al. 2019 Update to the 2018 Guidelines for the Early Management of Acute Ischemic Stroke.
Stroke. Volume 50, Issue 12, December 2019




MRI In acute stroke
AHA/ASA Guidelines: 2019 Update

3. In patients with AIS who awake with stroke symptoms or have unclear time
of onset > 4.5 hours from last known well or at baseline state, MRI to identify

diffusion-positive FLAIR-negative lesions can be useful for selecting those lla
who can benefit from IV alteplase administration within 4.5 hours of stroke

symptom recognition.

WAKE-UP trial
V tPA guided by imaging selectionof FLAIR-DWI mismatch

nad better outcomes (53.3% vs 41.8%)
Rate of sICH higher (2% vs 0.4%)

Powers et al. 2019 Update to the 2018 Guidelines for the Early Management of Acute Ischemic Stroke.
Stroke. Volume 50, Issue 12, December 2019

Thomalla et al, NEIJM 2018
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AHA/ASA 2019 Update

2.2.1. Initial Imaging COR LOE New, Revised, or Unchanged

Recommendation reworded for clarity
from 2013 AIS Guidelines. COR and LOE
unchanged.

See Table XCV in online Data
Supplement 1 for original wording.

1. All patients with suspected acute stroke should receive emergency brain
imaging evaluation on first arrival to a hospital before initiating any specific
therapy to treat AIS. l

2. Systems should be established so that brain imaging studies can be New recommendation.
performed as quickly as possible in patients who may be candidates for IV I
fibrinolysis or mechanical thrombectomy or both,
2.2.2. IV Alteplase Eligibility (Continued) COR LOE New, Revised, or Unchanged

2. In patients eligible for IV alteplase, because benefit of therapy is time New recommendation.
dependent, treatment should be initiated as quickly as possible and not delayed I

for additional multimodal neuroimaging, such as CT and MRI perfusion imaging.

Advanced imaging should NOT delay IV thrombolysis or doori tol groin puncture times

Powers et al. 2019 Update to the 2018 Guidelines for the Early Management of Acute Ischemic Stroke.
Stroke. Volume 50, Issue 12, December 2019
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Artificial Intelligence: Man vs machine
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Automated ASPECTS

SCORE Automated LVO detection
Automated perfusion

Automated collaterals

Hounsfield Units Mean
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RIGHT Vessel

Density
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Which imaging paradigm Is better for
O0*i1l k N°-j3jzkob
Depends on multiple factors  U.
A Local/Institutional preferences and
resources
A Timing of stroke 1 early/late/wake up
A Create OUR best systems of care (from the
911 call to rehabilitation)

A Fast streamlined imaging workflows
A Radiology plays an integral part

cular and
Neurology

Fisher et al. Variance of imaging protocols. Stroke. 2018;49:18051 1808
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Conclusion

A Changing landscape

A Imaging is critical for diagnosis ~ (CT remains the workhorse)

A Institutions will have to adopt efficient workflows

APrk g{igz s- ~{.~r1t. °sgzs~q Uxx
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CATALAN STROKE NETWORK

MARC RIBO

Valli 6 5kf =~j ~
Barcelona Campus Hospitalari

The opinions expressed during this webinar are those of the speakers and do not necessarily reflect the opinions,
recommendations or guidance of American Stroke Association or Society of Vascular and Interventional Neurology.
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Traditionalapproach

Fromnow only ONEtransferoption
will be appliedfor all patients
presentingwith the RACECAT
Inclusiéncriteria
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Vall d'Hebron 428 086 (56-165) 20 (11 -38) (-)
Moisés Broggi 239 088 (49-161) 20(12-36) 70 (47 - 294)
Mitua de Terrassa 301 088 (57-145 25(18 - 36) (-)
Sant Pau 374 090 (48 - 173) 13(9-21) (<)
Vilafranca 69 091(49-153) 43 (27-61) 65 (56 - 88)
Clinic 495 093 (52-187) 22(16-32) (=)
Arnau de Vilanova 193 093 (60-137) 21(13-35) 58 (52 - 67)
Sant Camil 84 094(59-147) 21(17-33) 50 (43 - 58)
Althaia 139 096(62-179) 18(14-28)  52(36-72)
Méra d'Ebre 9 105(84-202) 18(16-21) ()
Joan XXIII 293 106 (66 - 192) 21(14-31) 62 (51 - 80)
Vic 92 112(72-167) 19(16-24)  30(18-41)
Bellvitge 534 113 (65-228) 22 (15-30) (-)
Verge de la Cinta 169 118 (63 -223) 30(21-44) 68 (51 -78)
Can Ruti 483 123 (62-231) 22(14-33) (-)
Josep Trueta 523 134(82-237) 32(24-51)  56(40-81)
l Total 5052 099 (58 - 184) 22 (14 - 35) 57 (39 - 74) |
Els intervals de temps expressen: mediana en minuts (rang entre quartils)
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Registre Codi Ictus Catalunya (CI(

2016 2017 2018 gener febrer marg abril

Hospital Receptor Codis Ictus Ictus-Arribada Porta - TAC DIDO Modificat
A

Parc Tauli 163 063 (45-107) 26 (20-53) 33(31-43)
Granollers 91 072(49-119) 23(16-31) 65 (47 - 72)
Mar 210 073 (48-158) 17(12-24) (-)
Figueres 23 075(52-146) 18(13-23) 85 (76 - 93)
Igualada 15 075(54-202) 34 (28-43) 208 (208 - 208)
Sant Camil 83 076 (54 -109) 10(8 - 15) 44 (38 - 54)
Matard 100 078(50-158) 23 (16-33) 48 (45 - 64)
Sant Pau 418 082 (47 - 233) 11(5-18) (-)
Vilafranca 76 085(46-247) 22(13-386) 49 (40 - 53)
Moisés Broggi 143 089 (46-172) 17(12-24) 47 (37 - 64)
Muitua de Terrassa 170 089 (52 -259)  25(19-32) 43 (39 - 58)
Verge de la Cinta 70 093 (68-195) 35(25-49) 52 (48 - 60)
Campdevanol 3 094(83-106) 19(19-19) (-)
Clinic 606 095(51-170) 23(17-31) (-)
Vall d'Hebron 504 095 (55 - 242) 15(7 - 32) (-}
Joan XXIII 439 096(59-168) 17 (11-27) 35 (22 - 55)
Vic 26 097 (66 - 711) 10(7 -27) 66 (50 - 90)
Althaia 62 098 (59 - 134) 10(6-14) 36 (26 - 75)
Can Ruti 484 098 (60 - 164) 27 (18-43) (-}
Arnau de Vilanova 281 101(63-182) 18(11-32) 36 (28 - 38)
Cerdanya 9 109 (86 - 154) 09 (9 - 14) 97 (72 - 129)
Josep Trueta 488 140(81-258) 26(18-42) 42 (33 - 55)
Tremp 10 245(120-562) 24(12-57) (-)
Bellvitge 719 780 (151-1134) 25(18-33) (-)

l Total 5220 103 (58-235) 21(13-33) 44 (34-65) |
Els intervals de temps expressen: mediana en minuts (rang entre quartils)
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JAMA Neurology | Original Investigation

Association of a Primary Stroke Center Protocol
for Suspected Stroke by Large-Vessel Occlusion
With Efficiency of Care and Patient Outcomes

Ryan A. McTaggart, MD; Shadi Yaghi, MD; Shawna M. Cutting, MD, MS; Morgan Hemendinger;
Grayson L. Baird, PhD; Richard A. Haas, MD; Karen L. Furie, MD, MPH; Mahesh V. Jayaraman, MD
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JAMA Neurology | Original Investigation

Association of a Primary Stroke Center Protocol

gt’;‘;,:f,““ for Suspected Stroke by Large-Vessel Occlusion
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Editorial

Should CT Angiography be a Routine
Component of Acute Stroke Imaging?

Vanja Douglas, MD', Michel Shamy, MD, MA, FRCPC?,
and Pratik Bhattacharya, MD, MPH?
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FOCUSED UPDATES IN CEREBROVASCULAR DISEASE

Optimal Imaging at the Primary Stroke Center

Bruce C.V. Campbell®, MBBS (Hons), BMedSc, PhD, FRACP

Table 1. Aims of Imaging at Primary Stroke Centers

Fast, accurate diagnosis

requires immediate radiology or neurology interpretation of imaging on-
site or via telemedicinezartificial intelligence decision assistance and
team notification

Maximize eligibility for intravenous thrombolysis

Initial Stroke Center Arrival (Primary or Comprehensive)
Ambulance prenotification = direct to CT on ambulance stretcher
Routine CT/CTP/CTA up-front
NIHSS/pre-morbid function/contraindications assessed in parallel

requires CTP to treat >4.5 h based on current evidence

~~

CTP abnormalities may increase confidence to treat mild stroke

Maximize eligibility for endovascular thrombectomy

requires CTP to treat >6 h based on current evidence

patients with noncontrast CT ASPECTS 0-5 may have relatively small
CTP core and benefit from reperfusion

Minimize futile transfers to reduce cost and social dislocation

only transfer patients who at least meet eligibility criteria pretransport

Imaging - decisions
NCCT — no blood/established infarct + hyperdense artery
= activate EVT/transfer, start thrombolysis if diagnosis clear

[ CTP - arterial territory lesion = start thrombolysis if diagnosis not previously clear |
— large LVO-type perfusion lesion = activate EVT/transfer
CTA — review vascular access/tandem lesion etc
Immediate image transfer for Comprehensive Center/Telemedicine review
+/- centralized CTP processing software

Streamline the path to reperfusion

~~

minimize the need for repeat imaging

ensure images accessible to receiving center

facilitate referral and decision-making at the comprehensive center

ASPECTS indicates Alberta Stroke Program Early CT Score; CT, computed
tomography; and CTP, computed tomographic perfusion.

Arrival at Comprehensive Center
Direct to angiography suite (no repeat CT unless very long transfer)
Flat panel CT if concern about hemorrhagic transformation
Diagnostic angiogram if concern about interim recanalization

Stroke. 2020;561:1932-1940. DOI: 10.1161/STROKEAHA.119.026734
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T Imaging of Patients with Suspected Large-Vessel Occlusion at
Primary Stroke Centers: Available Modalities and a
Suggested Approach

M.A. Almekhlafi, 'W.G. Kunz, ““'B.K. Menon, "R A. McTaggart, ““’"M.V. Jayaraman, “*'B.W. Baxter, ““'D. Heck, ““'D. Frei,
C.P. Derdeyn, ““'T. Takagi, ““ A.H. Aamodt, ““.M.R. Fragata, ““'M.D. Hill, “* AM. Demchuk, and “*'M. Goyal
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Automatedprocessing Consiﬁer timg spent on imaging: .
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