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Common adjusted odds ratio: 1.67 (95% Cl:1.21 to 2.30)
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MRD-2
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MRCLEAN: Treatment effelgcreasedvith
time ofonsetto reperfusion

P (interaction): 0- 043

acOR for improved outcome on mRS
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» Additional material is
published online only. To view
please visit the journal online
(http://dx.doi.org/10.1136/
neurintsurg-2018-014569).

European Stroke Organisation (ESO) - European
Society for Minimally Invasive Neurological Therapy
(ESMINT) Guidelines on Mechanical Thrombectomy in
Acute Ischemic Stroke

Guillaume Turc,” "*3# Pervinder Bhogal,” ® Urs Fischer,® Pooja Khatri,”
Kyriakos Lobotesis,® Mikaél Mazighi,**'®'" Peter D. Schellinger, " Danilo Toni,"?
Joost de Vries, " Philip White,"® Jens Fiehler'®

ABSTRACT
Background Mechanical thrombectomy (MT) has

merstone of ‘ Recommendation
management in patients with large vessel occlusion
/N

become the cornerstone of acute ischemic stroke

In adults with anterior circulation large vessel occlusion-related
acute ischemic stroke presenting within 6 hours after symptom

onset, we recommend mechanical thrombectomy plus best
medical management—including intravenous thrombolysis
whenever indicated—over best medical management alone to
improve functional outcome.

Quality of evidence: High &G @ @; strength of
recommendation: Strong 11




EVTalsoeffectivein patientslastknownto be well

beyond6 hours?

Infarctgrowthis

Fastprogressors variabld

Large Infarct within
6 hours

Slowprogressors
Small Infarct beyond 6

10

DEFUSE-2 study patients with known MCA, ICA
occlusion, comparison of baseline DWI lesion
based on time from onset

Wheeler et al. Int J Stroke 2015

Andlargelydepends
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collateralcirculation

Outcomes
collateralg¢time

LiebiskindD, Stroke2003



Thrombectomypeyond6h LKW timevindow

Table 3 Main inclusion criteria in the DEFUSE-3 and DAWN trials

Inclusion criteria DEFUSE-3'? DAWN?®
Time window 6—16 hours since time  6—24 hours since time
last known well last known well

N Engl J Med. 2018 Jan 4:378(1211

Age 18-90years >18years

mRS score before qualifying <2; life <1, life

stroke expectancy =6 months  expectancy =6 months
o ; 3 NIHSS score =6 =10 (see below)

CIVA® Arterial occlusion ICA and/or M1* ICA and/or M1

N Engld Med. 2018 Feb 22;378(8): 7088
Tablefrom TurcG et al, JNIS 2019
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DAWN:

defuse ‘3

N Engl J Med. 2018 Jan 4;378(1)211 N EnglJ Med. 2018 Feb 22;378(8): 7088
CTP or DW clinical (NIHSSEore mismatch CTP or MRP/DWI Penumbrare mismatch
A -0-<21 cccoreinfarct andNIHSSK  amdagex y n A Core<70 ml,
years old) mismatch ratic>1.8,
A -0-<31cccoreinfarctand L | { { (ang age x 80 mismatch volume> 15 ml
years old)

A -3lccto<5lcccoreinfarctabdl | { { (andagen A NIHSS6
< 80 years old)

A NIHSS 10 or 20

clinical penumbra core



Core, Penumbra ardligemia
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Core, Penumbra ardligemia
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With a large clinical deficit, penumbra
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Thrombectomypeyond6h LKW timevindow

TRIAL

N Engl J Med. 2018 Jan 4;378(1211

defuse ‘3

N Engld Med. 2018 Feb 22;378(8): 7088

. . Score on the Modified Rankin Scale
A Intention-to-Treat Population Iml. 3 B4 BMSors

MRD-2
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Patients (%)

Common OR (shift omR$ = 2.77



Time and Outcome
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Time and Outcome
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WAIT??
What just happened?

| thought you said time was important??

Jayaraman MV

Rhode Island
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Let’s re-think time... |.

Onset Imaging Reperfusion

\_

Eligibilitydecay Adapted from Hill et al. Stroke 2015

% of Patients with
Favorable Imaging

Jayaraman MV
Rhode Island
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Let’s re-think time... |.

Onset Imaging Reperfusion

% of Patients with
Good Outcome

Jayaraman MV
Rhode Island
Hospital

Adapted from Hill et al. Stroke 2015



Think of the entire population I
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Think of the entire population I
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DAWNand DEFUSE®linority witnessedstroke

Type of stroke onset — no. (%) Thrombectomy Group  Control Group
On awakening 67 (63) 47 (47)
Unwitnessed stroke 29 (27) 38 (38)
Witnessed stroke 11 (10) 14 (14)

I A patient with the onset of stroke on awakening had last been known to be well before going to bed and had the first
observation of symptoms on awakening. In a patient with an unwitnessed stroke, the time that the patient had last
been known to be well and the first observation of symptoms were different and the first observation of symptoms did
not occur on awakening. In a patient with a witnessed stroke, the time that the patient had last been known to be well
and the first observation of symptoms were the same; all patients with a witnessed stroke had a time from first obser-
vation of symptoms to randomization of more than 6 hours.

Stroke onset witnessed — no. (%)
Yesi 31 (34) 35 (39)
No

defluse -3

Symptoms were present on awakening 49 (53) 42 (47)
Symptoms began during wakefulness 12 (13) 13 (14)
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Noonsetrec but LKWrec Times

Time and OUtcome I OnsetGPshorterX /l.
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Favorabldmaging
In patientwith LVOandlargeclinicaldeficit

DWI
ASmallcore Foie\ 2
ANCCT/ASPECTSI® /B iG] N
A CTPerfusion |
ADWI/ADC o
Evaluation of collateral circulation: CTA
AGoodcollateralgrade

A(multiphase-CTA

ALarge penumbra
ACTPerfusion rer
AMR Perfusion




estimatedcorevolume 6 ml

FAVORABLE IMAGING: 83 M, 10 hoursLKW R M1locclusion

CBV




FAVORABLE IMAGING: 83 M, 10 hoursLKW R M1locclusion estimatedcorevolume 6 mli
CBF CBV




CoreVolume: HERMESCTP analysearlytime window
A

(T perfusion Modified Rankin Scale at 90 days
Ischaemic core volume <70 mL Clo 1 2 €3 W4 WS W6 » In adult patients with anterior circulation large vessel
10 (4%) occlusion-related acute ischemic stroke presenting from 0 to
33 (13%) 6 hours from time last known well, advanced imaging is not
necessary for patient selection.
: — Quality of evidence: Moderate @@ ®; strength of
) 28(10%) 38(14%) recomtymendation: Weak |? ’

Turc G, et al. J Neurolntervent Surg 2019;0:1-30. doi:10.1136

56 (21%) 48 (18%) 30 (15%)

T perfusion
Ischaemic core volume =70 mL

(20%)

13 (52%)

Estimatedschaemiaore volume:
Independently associated with functional independence
But did not modify the treatment benefit of EVT over BMM for improved functional outcome

Campbell B et al, Lancturol2019



CoreVolume: HERMESCTP analysearlytime window

CTP-estimated ischaemic core volume 10 mL CTP-estimated ischaemic core volume 75 mL CTP-estimated ischaemic core volume 125 mL P ro b ab I | ItyOf g O O d O u tCO m e

10—

CTRestimatedcore Volume
Age
Time

Combiningschaemiaore volume with age and expected imagingéperfusion time will improve
assessment of prognosis andght inform EVTdecisions

Campbell B et al, Lancturol2019



UNFAVORABLE IMAG#da@ytime window
68-Y-O W, acute paralysisNIHSS 23
OnsetCT Time 1h48mins

ASPECTSigh.. insulaLentiformnucleus, M2,M3,M5,M6



R M1locclusion absentcollateralfilling of distalMCA branches




Estimatedoenumbra volume 121 mipre89 ml
OnsetCT 1h 48nins fastprogressor

CBV

Temporal MIP
MIP £ HU




OnsetGP
2h 30mins
(150mins)

OnsetReperf
3h 06mins
(186minyg
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|
JAMA Neurology | Original Investigation

Outcomes of Endovascular Thrombectomy vs Medical
Management Alone in Patients With Large Ischemic Cores

A Secondary Analysis of the Optimizing Patient's Selection for

Endovascular Treatment in Acute Ischemic \‘E Association of time and core volume with the probability of a good outcome

Probability
of good
outcome, %

Amrou Sarraj, MD; Ameer E. Hassan, DO; Sean Savitz, MD; Clark Sitton, MD; James Grotta, MD; Pe
Bita Imam, PhD; Sujan Reddy, MD; Kaushik Parsha, MD; Deep Pujara, MD; Roy Riascos, MD; Nirav'
Diogo C. Haussen, MD; Andrew D. Barreto, MD; Maarten Lansberg, MD; Rishi Gupta, MD; Gregory

o0
o

80

Association otorevolume (rCBK30%)andtime -

with the probability of good outcome after EVT

Core>100ml :almost0%

Probability of Good Outcome, %

ol



UNFAVORABLE IMAGI&& timewindow
W, 760Y-O, NIHSS 21, hbursLKW

CT:. ASPECT%B + PCkerritory

CTA: ICA occlusion+ (etal) PCAocclusion



UNFAVORABLE IMAGING late wmdow
W, 760Y-O, NIHSS 21, hbursLSW

ICAT, ASPECTSsh, absentollaterals core200 ml, no penumbra no E\6€rformed



European Stroke Organisation (ESO) - European

Society for Minimally Invasive Neurological Therapy _
(ESMINT) Guidelines on Mechanical Thrombectomy in

Acute Ischemic Stroke In adults with anterior circulation large vessel occlusion-related
acute ischemic stroke presenting between 6 and 24 hours

Guillaume Turc,” "*** Pervinder Bhogal,” > Urs Fischer,® Pooja Khatri,” from time last known well and fulfilling the selection criteria

Kyriakos Lobotesis,® Mikaél Mazighi,>*'®'" Peter D. Schellinger, " Danilo Toni, " of DEFUSE-3* or DAWN**, we recommend mechanical

Joost de Vries,'* Philip White, ™ Jens Fiehler'® thrombectomy plus best medical management over best medical

management alone to improve functional outcome.

-J Neurolntervent Surg 2019;0:1-30. doi:10.1136/neurintsurg-2018-014569 Quality of evidence: Moderate @ @; strength of

’ recommendation: Strong 11

» In adult patients with anterior circulation large vessel *6 to 16 hours since time last known well:
occlusion-related acute ischemic stroke presenting beyond B

6 hours from time last known well, advanced imaging L penumbra vc_)lume_ >15mL and penum'bra volume/corevolume >1.8.
selection is necessary 6 to 24 hours since time last known well:

» Age <80 years: infarct core <30 mL if NIHSS =10; infarct
Quality of evidence: Moderate @@ D; strength of core <51 mL if NIHSS >20.

recommendation: Strong 11 » Age >80 years: infarct core <20 mL and NIHSS >10.

See table 3 for details.
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A Intention-to-Treat Population =

Thrombectomy
(N=107)

Control
(N=99)

Score on the Modified Rankin Scale
001 @2 W3 W4 HE50r6

MRD-2

£ - - - -~ I

/ =TT == -

10 20 30 40 50 60 70 80 90 100
Percent of Patients

Score on Modified Rankin Scale

[Oo O 02 @3 W4 W5 Mo

Endovascular Therapy
(N=92)

Medical Therapy
(N=90)

N Engld Med. 2018 Feb 22;378(8): 7088

Patients (%)

Common OR (shift omR$ = 2.77



Inclusionandstudycohort

<

defuse ‘3

N Engl J Med. 2018 Jan 4;378(111 N EnglJ Med. 2018 Feb 22;378(8): 7088

Median infarct core (ml)

DAWN DEFUSE 3
Calculatedvith R AP|D
EVT 7.6 9.4 iSchemaView
Control 8.9 10.1
p75
Majority of coresof
includedpatients

smallerthan
inclusioncriteria




Dutchguidelines 2019 update

> 6hoursonsetor LSW: EVT standard cdre
the followingcriteriaapply.

AndaptedDAWN/DEFUSRBZriteria:

Slbs
i
A Smallcore (<25ml) on CTP
(p75 of Defusel)
A AND Penumbra Core defuse °3
(Defuse3: penumbra 400% adre)
A AND NIHSS10 1. N Engl J Med. 2018 Jan 4;378(%):11

21
(DAWNCcriterion; p75 of Defuse3)

2. NEnglJ Med. 2018 Feb 22;378(8). 708
718



—\ Multicenter Randomizedlinicalrial for
MR CLE AN iLATE Endovasculafreatment of Acutédschemic

Strokein the Netherlanddor LateArrivals

https:// mrcleanlate.nl

Inclusiorcriteria

A LVO & start of E\flossiblebetween6-24 hoursfrom time lastseenwell

A Presencef poorto gOOd collateral flow (CTA) Evaluation of collateral circulation: CTA
A Maximum of 10(atientswith poor collateralflow -

Grade 0 = absent filling of the occluded territory (A)

Grade 1 = <50% filling of occluded territory (B)

. , Grade 2 = >50 <100% filling of occluded territory (C)
A Infarct on NCCT <1/3 M@éritory 6 F mnn Y o100 g f ey

Tan et al. AINR Am J Neuroradiol. 2009.




Multicenter RandomizedClinicaltrial for

——) |
Endovasculafreatment of Acutdschemic
MR GLEANILATE Strokein the Netherlanddor LateArrivals

https:// mrcleanlate.nl

Exclusiormcriteria
Ao EVTdemarcatednfarct>1/3 MCAerritory F‘S )
Addapted Norandomisation EVIDAWN/DEFUSEZriteria:
<

A Smalicore (<25ml) on CTP defuide 12

(p75 of Defuse3)

A AND Penumbra Core 1. N Engl J Med. 2018 Jan 4;378(1p11
(Defuse3: penumbra 400% aire) 2. NEnglJ Med. 2018 Feb 22;378(8):7088

A AND NIHSS10
(DAWNCcriterion, p75 of Defuse3)



Ongoind.argeStrokeRCTs

~L
ATESLAYpd Zaidat USA) -~ TESLA
A 300 patientsEVT+BMMsBMM v
A ASPECTS®?

A 0-24 hours onsetrandomization -
ATENSIONrhomalla Fiehler Europe) < ) )
A 714 patientsEVT+BMMsBMM TENSION >

AASPECTS®

A 0-12 hours onsetrandomization& wakeup

Aln ExtremidLASTE (Costalat/Jovin; Europe/USA |\ EXTREMIS ™
A 450patientsEVT+BMMWsBMM
AASPECTSS)(1880 Y); ASPECT®3 6y n . U
A 0-6,5hoursonsetrandomization
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DAWNand DEFUSE®edRAPID
canother package®e usedfor selectior?

Neuroimaging

ORIGINAL RESEARCH

Comparison of three commonly used CT perfusion
software packages in patients with acute
Ischemic stroke

Miou S Koopman,” ' Olvert A Berkhemer,"*? Ralph R E G Geuskens,* Bart J Emmer,’
Marianne A A van Walderveen,” Sjoerd F M Jenniskens,® Wim H van Zwam,’

Robert J van Qostenbrugge,® Aad van der Lugt, Diederik W J Dippel,® Ludo F Beenen,'
Yvo BW E M Roos,” Henk A I\Aarqueringf'4 CharlesBL M l\/lajoie,1 on behalf of the
MR CLEAN Trial Investigators

I Neurolntervent Surg 2019;0:1-8. doi:10.1136/neurintsurg-2019-014822



Postprocessing softwareomparison

Software Ischemic core
syngo.via Method A CBV < 1.2 ml/100 ml

syngo.via Method B CBV < 1.2 ml/200 ml (smoothing)

syngo.via Method C rCBK 30 %

ISP (Philips) CBV < 2.0 ml/200 ml; MTT > 145¢

RAPID rCBK 30 %




Core volume syngo.via method A (cm®)

120

100

20

Postprocessing softwareomparison
SyngoviavsRapid (n=3WwholebrainCTP data sets)

Core volume syngo.via method A versus RAPID

Core CBV<1.2ml/100ml
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Core volume RAPID (cm®)

Core volume syngo.via method B (cm®)
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CBV<1.2mEh@sthing

Core volume syngo.via method B versus RAPID
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Core volume syngo.via method C (cma)
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Core volume RAPID (cm?)

rCBK30%

Core volume syngo.via method C versus RAPID

40 80 80 100 120 140 160
Core volume RAPID (cm®)



Postprocessing softwareomparison
Philips ISP defawsRapid

Core
CBV<2.0ml/100ml
MTT>145% ofontralateralside




ConclusiorKoopman et al

ABest agreement with RAPID software is providegymgo via default
settings* with additional smoothing
A*coredefinedas CBV <1.2 ml/100m!

AThis method has the highest agreement in categorizing patients with
small corevolumes

ESO/ESMINT Guideline 2019:

G O 2 y O dzNNE gpplicatiodstisingssimiNads perfusion

algorithms and rendering equivalemblumetryresults as those :
used in the DAWN and DEFtBSEals may be options, as well as |
simplevolumetryon a high quality DWI scan for core volume whep«
F LILJX @Ay 3 51 2b ONRGSNRI &




KeyPoints

ADAWNand DEFUSE 3
AEVT is also effective and safe beyond 6 hours LKW in selected patients
AUsed RAPID for patient selection
AMajority of patients small cores (P75 <25 ml)
AX XEVTalso effective in late patients with larger cores? (trials ongoing)

AOthersoftware packages OK?
AL 9{ odziXdd

A If rendering similavolumetryresultX X ® ¥ dzZNI1 KSNJ NB&a S| NODK Yy SSRS
& "y, Neurovascular

“ AMmsterdam UMC c.b.majoie@amsterdamumc.nl t‘iulcrﬁtrﬁnmn

a Amsterdam






Table 7 Exclusion criteria hased on ASPECTS or infarct volume in

RCTs of MT+BMM versus MT
Median (IQR) ASPECTS
or infarct volume (mL) of
Trial Exclusion criteria enrolled patients
MR CLEAN None MT+BMM: ASPECTS 9 (7-10)
BMM: ASPECTS 9 (8-10)
Extend 1A Infarct core =70mL MT+BMM: 12mL (4-32)
BMM: 18 mL (4—-29)
ESCAPE ASPECTS <5 MT+BMM: ASPECTS 9 (8-10)
BMM: ASPECTS 9 (8-10)
SWIFT PRIME ASPECTS <5 MT+BMM: ASPECTS 9 (7-10)
BMM: ASPECTS 9 (8-10)
REVASCAT ASPECTS <6 (CT) MT+BMM: ASPECTS 7 (6-9)
ASPECTS <5 (MRI) BMM: ASPECTS 8 (6-9)
THRACE None DWI lesion volume: 17 mL
(9.2-51.8)%
PISTE Hypodensity >1/3 of the ~ MT+BMM: ASPECTS 9 (4-10)
MCA territory BMM: ASPECTS 2 (2-10)
THERAPY Hypodensity >1/3 of the ~ MT+BMM: ASPECTS 7.5
MCA territory (6-9)
BMM: ASPECTS 8 (7-9)
EASI None MT+BMM: ASPECTS 8 (7-9)
BMM: ASPECTS 9 (8-9)
DAWN Infarct core =51 mL MT+BMM: 7.6mL (2.0-18.0)
BMM: 8.9mL (3.0-18.1)
DEFUSE-3 Infarct core =70 mL MT+BMM: 9.4 mL (2.3-25.6)

ASPECTS 8 (7-9)t
BMM: 10.1 mL (2.1-24.3)
ASPECTS 8 (7-9)t

*Patients in whom the qualifying imaging study was MRI.
tPatients in whom the qualifying imaging study was CT.
ASPECTS, Alberta Stroke Program Early CT Score; BMM, best medical management;

MCA, middle cerebral artery; MT, mechanical
thromhectomv: RCT. randomized controlled trial



FAVORABLE IMAGING: Wy%6 15 hoursLKW Lparesis NIHSS 21




FAVORABLE IMAGING: Wy%6 15 hoursLKW Lparesis NIHSS 21
Estimatedoenumbra volume 60 mEorevolume 24 ml

CBF CBV DWI ADC




FAVORABLE IMAGING: Wyf6 15 hoursLKW Lparesis NIHSS 21
Estimatedoenumbra volume 60 mEorevolume 24 ml

CBF

DWI ADC
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HERMESi00ledanalysis

mRSKey||:Io (1 2 |3 B4 S5 6

é : MR3D-2
ontrol population 0
e 26.5 %
Intervention population 10-0 169 191 46%
(n=633)

Clear shift toward improved outcome in intervention group at 90 days

NNTfor 1 patient to have reduced disability of at least 1 pointh@iRS 2.6

< care NN o A ok
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