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MRCLEAN: Effect on primaryoutcome
EVT effectiveandsafe <6 hours

mRS0-2
33%

19%





MRCLEAN: Treatment effect decreasedwith
time of onsetto reperfusion



HERMES

SaverJ. et al

SaverJ. et al





EVT alsoeffectivein patientslast knownto bewell 
beyond6 hours?

LiebiskindD, Stroke2003

Infarct growth is 
variable!

Andlargelydepends
on
collateralcirculation

Outcome=
collaterals/time

Fastprogressors

Slow progressors



Thrombectomybeyond6h LKW time window

Co-primary endpoints
N Engl J Med. 2018 Jan 4;378(1):11-21

N EnglJ Med. 2018 Feb 22;378(8):708-718

Tablefrom TurcG et al, JNIS 2019



CTP or DWI ςclinical(NIHSS)-coremismatch

Å - 0-<21 cc core infarct and NIHSSҗ мл (and ageҗ ул 
years old)

Å - 0-<31 cc core infarct and bLI{{ җ мл (and age < 80 
years old)

Å - 31 cc to <51 cc core infarct and bLI{{ җ нл (and age 
< 80 years old)

Å NIHSS > 10 or 20

CTP or MRP/DWI Penumbra-coremismatch

Å Core<70 ml, 
mismatch ratio >1.8, 
mismatch volume > 15 ml

Å NIHSS >6

N Engl J Med. 2018 Jan 4;378(1):11-21 N EnglJ Med. 2018 Feb 22;378(8):708-718

clinical core penumbra                             core



Blood?

ELVO!

Infarct core = Dead

OligemicTissue

Penumbra

Core

Penumbra = Salvageable 
but not working

Core, Penumbra and Oligemia

JayaramanMV
RhodeIsland Hospital



Core, Penumbra and Oligemia

Infarct core = Dead

OligemicTissue

Penumbra

Core

Penumbra = Salvageable 
but not working

tŀǘƛŜƴǘΩǎ ŎƭƛƴƛŎŀƭ ŘŜŦƛŎƛǘ ƛǎ 
a combination of core 
AND penumbra

Without reperfusion, the 
penumbra will grow into 
infarct core

JayaramanMV
RhodeIsland Hospital



¢ǊŜŀǘƳŜƴǘ ŘŜŎƛǎƛƻƴΥ άŜŀǎȅέ ŀǘ ǘƘŜ ŜȄǘǊŜƳŜǎ

With a large clinical deficit, penumbra 
estimation and treatment decision is 
άŜŀǎȅέ ǿƘŜƴ ǘƘŜ ƛƴŦŀǊŎǘ ŎƻǊŜ ƛǎ smallor 

very LARGE

JayaramanMV 
RhodeIsland Hospital



Thrombectomybeyond6h LKW time window

Co-primary endpoints
N Engl J Med. 2018 Jan 4;378(1):11-21

N EnglJ Med. 2018 Feb 22;378(8):708-718

Common OR (shift on mRS) = 2.77

mRS0-2
44%

16%

mRS0-2
49%

13%



JayaramanMV
RhodeIsland 
Hospital





Eligibilitydecay









DAWN andDEFUSE3: Minority witnessedstroke



Witnessed

Unwitnessed
Wake-up



JayaramanMV
RhodeIsland 
Hospital

- No onset-recbut LKW-recTimes
- Onset-GP shorterΧ

- Small proportion of control 
grouprecievedIV rt-PA (13%/9%)



FavorableImaging
in patientwith LVO andlarge clinicaldeficit

ÅSmall core
ÅNCCT/ASPECTS (8-10)

ÅCT Perfusion

ÅDWI/ADC

ÅGoodcollateralgrade
Å(multiphase)-CTA

ÅLarge penumbra
ÅCT Perfusion

ÅMR Perfusion

DWI



CBF CBV

FAVORABLE IMAGING: 57 Y-O M, 10 hoursLKW, R M1 occlusion estimatedcorevolume 6 ml



CBF CBV

FAVORABLE IMAGING: 57 Y-O M, 10 hoursLKW, R M1 occlusion estimatedcorevolume 6 ml



CoreVolume: HERMES ςCTP analysis earlytime window

Estimated ischaemiccore 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, Lancet Neurol2019



CoreVolume: HERMES ςCTP analysis earlytime window

Probabilityof goodoutcome:

CTP estimatedcoreVolume
Age
Time

Combining ischaemiccore volume with age and expected imaging to-reperfusion time will improve 
assessment of prognosis and might inform EVT decisions

Campbell B et al, Lancet Neurol2019



UNFAVORABLE IMAGING earlytime window
68-Y-O W, acute L paralysis, NIHSS 23
Onset-CT Time 1h48mins

ASPECTS 4-ish.. insula, Lentiformnucleus, M2,M3,M5,M6



R M1 occlusion; absent collateralfillingof distalMCA branches



Estimatedpenumbra volume 121 ml, core89 ml
Onset-CT 1h 48 mins: fastprogressor

CBF

CBV 



Onset-GP
2h 30 mins
(150 mins)

Onset-Reperf
3h 06 mins
(186 mins)



16H FU NCCT, neurologicalworsening



Association of corevolume (rCBF<30%) andtime
with the probability of goodoutcomeafter EVT

Core>100ml : almost0%



UNFAVORABLE IMAGING late time window
W, 70-Y-O, NIHSS 21, 11 hoursLKW

CT: ASPECTS 5-ish + PCA territory

CTA: ICA-T occlusion+ (fetal) PCA occlusion



UNFAVORABLE IMAGING late time window
W, 70-Y-O, NIHSS 21, 11 hoursLSW

ICA-T,  ASPECTS 5-ish, absent collaterals, core200 ml, no penumbra no EVT performed

CBF                                                  CBV





Thrombectomybeyond6h LKW time window

Co-primary endpoints
N Engl J Med. 2018 Jan 4;378(1):11-21

N EnglJ Med. 2018 Feb 22;378(8):708-718

Common OR (shift on mRS) = 2.77

mRS0-2
44%

16%

mRS0-2
49%

13%



Median infarct core (ml)

DAWN DEFUSE 3

EVT 7.6 9.4

Control 8.9 10.1

P75 18 25

Calculatedwith

Inclusionandstudycohort

N Engl J Med. 2018 Jan 4;378(1):11-21 N EnglJ Med. 2018 Feb 22;378(8):708-718

Majority of coresof 
includedpatients
smaller than
inclusioncriteria



Dutch guidelines, 2019 update

> 6 hoursonsetor LSW: EVT standard care if
the followingcriteria apply:

1. N Engl J Med. 2018 Jan 4;378(1):11-
21

2. N EnglJ Med. 2018 Feb 22;378(8):708-
718

ÅAdaptedDAWN1/DEFUSE32 criteria:

ÅSmall core(<25ml) on CTP

(p75 of Defuse3)

ÅAND Penumbra >Core
(Defuse3: penumbra 400% of core)

ÅAND NIHSS >10
(DAWN criterion; p75 of Defuse3)



Multicenter RandomizedClinicaltrial for
EndovascularTreatment of Acute Ischemic
Strokein the Netherlands for Late Arrivals

https:// mrclean-late.nl

ÅLVO & start of EVT possiblebetween6-24 hoursfrom time last seenwell

ÅPresenceof poor to goodcollateral flow (CTA)
ÅMaximum of 100 patientswith poor collateralflow

ÅInfarct on NCCT <1/3 MCA territory όҒмлл Ƴƭύ

Inclusioncriteria



ÅNo EVT: demarcatedinfarct>1/3 MCA territory

ÅAdapted: No randomisation, EVT: DAWN1/DEFUSE32 criteria:

ÅSmall core(<25ml) on CTP
(p75 of Defuse3)

ÅAND Penumbra > Core
(Defuse3: penumbra 400% of core)

ÅAND NIHSS >10
(DAWN criterion; p75 of Defuse3)

Exclusioncriteria

1. N Engl J Med. 2018 Jan 4;378(1):11-21

2. N EnglJ Med. 2018 Feb 22;378(8):708-718

Multicenter RandomizedClinicaltrial for
EndovascularTreatment of Acute Ischemic
Strokein the Netherlands for Late Arrivals

https:// mrclean-late.nl



OngoingLarge StrokeRCTs

ÅTESLA (Yoo/Zaidat; USA)
Å300 patientsEVT+BMM vsBMM
ÅASPECTS 2-5
Å0-24 hoursonset-randomization

ÅTENSION (Thomalla, Fiehler; Europe)
Å714 patientsEVT+BMM vsBMM
ÅASPECTS 0-5
Å0-12 hoursonset-randomization& wake-up

ÅIn Extremis/LASTE (Costalat/Jovin; Europe/USA)
Å450 patientsEVT+BMM vsBMM
ÅASPECTS 0-5 (18-80 Y); ASPECTS 3-р όҗул ¸ύ
Å0-6,5hoursonset-randomization



DAWN andDEFUSE 3 usedRAPID
canother packages beusedfor selection?



Post-processing software comparison

Software

syngo.via Method A

syngo.via Method B

syngo.via Method C

ISP (Philips)

RAPID

Ischemic core 

CBV < 1.2 ml/100 ml

CBV < 1.2 ml/100 ml (smoothing)

rCBF< 30 %

CBV < 2.0 ml/100 ml; MTT > 145%

rCBF< 30 %



Post-processing software comparison
Syngovia vsRapid (n=35 wholebrainCTP data sets)

Core:    CBV<1.2ml/100ml                                            CBV<1.2ml/100ml +smoothing rCBF<30%



Post-processing software comparison
Philips ISP default vsRapid
Core: 
CBV<2.0ml/100ml
MTT>145% of contralateralside



ConclusionKoopman et al
ÅBest agreement with RAPID software is provided by syngo. via default 

settings* with additional smoothing 
Å*coredefinedas CBV <1.2 ml/100ml

ÅThis method has the highest agreement in categorizing patients with 
small core volumes

ESO/ESMINT Guideline 2019:
άŎƻƴŎǳǊǊŜƴǘ ǎƻŦǘǿŀǊŜ applicationsusing similar perfusion 
algorithms and rendering equivalent volumetryresults as those 
used in the DAWN and DEFUSE-3 trials may be options, as well as 
simple volumetryon a high quality DWI scan for core volume when 
ŀǇǇƭȅƛƴƎ 5!²b ŎǊƛǘŜǊƛŀέ



KeyPoints

ÅDAWN andDEFUSE 3
ÅEVT is also effective and safe beyond 6 hours LKW in selected patients

ÅUsed RAPID for patient selection

ÅMajority of patients small cores (P75 <25 ml)

ÅΧΧEVTalso effective in late patients with larger cores? (trials ongoing)

ÅOthersoftware packages OK?
Å̧ 9{ ōǳǘΧΦΦ
ÅIf rendering similar volumetryresultsΧΧΦŦǳǊǘƘŜǊ ǊŜǎŜŀǊŎƘ ƴŜŜŘŜŘΧ

c.b.majoie@amsterdamumc.nl







FAVORABLE IMAGING: W, 56-y-o, 15 hoursLKW, L paresis, NIHSS 21



FAVORABLE IMAGING: W, 56-y-o, 15 hoursLKW, L paresis, NIHSS 21 
Estimatedpenumbra volume 60 ml; corevolume 24 ml

CBF                                                         CBV                                                 DWI ADC  



FAVORABLE IMAGING: W, 56-y-o, 15 hoursLKW, L paresis, NIHSS 21 
Estimatedpenumbra volume 60 ml; corevolume 24 ml

CBF                                                         CBV                                                 DWI ADC  

24 h FLAIR 6 mo FLAIR



HERMES: pooledanalysis  

Clear shift toward improved outcome in intervention group at 90 days

NNTfor 1 patient  to have reduced disability of at least 1 point on mRS: 2.6

mRS
mRS0-2
26.5 %

46%

GoyalM
Lancet 2016



SaverJ. et al


