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Conflits d’intérêts

Rien à déclarer



Objectifs
� Connaître les nouvelles données sur le 

traitement hyperaigu en fenêtre étendue pour 
l’AVC ischémique.

� Reconnaître les indications de traitement en 
fenêtre étendue pour la thrombolyse et la 
thrombectomie chez le patient avec AVC 
ischémique.

� Savoir utiliser les modalités radiologiques 
appropriées chez le patient avec AVC 
ischémique.



Tpa IV

� NNT:
� 4.5 pour 0-90 min

� 9.0 pour 91-180 min

� 14.1 pour 181-270 
min



Gros caillot = petit succès de la 
tpa IV

Ridel et al. Stroke 2011

Si moins de 5 mm = 
plus de chance de 
recanalisation

Plus de 8 mm = moins 
de 1% de chance de 
recanalisation



Fenêtre 0-6h: CT et CTA
MR Clean. NEJM 2015. 0-6h

RRA pour MRS 0-2  = 13.5%
NNT =  7.4



Donc que’est-ce que la « fenêtre 
étendue » ?

� Plus de 4.5h pour tpa IV

� Plus de 6h pour TEV (traitement endovasculaire)



Pourquoi traiter hors des délais 
habituels?
� Certains patients ont de meilleures collatérales.

� Avoir été vu normal  la dernière fois à 23h ne veut 
pas dire que l’AVC a débuté à 23h.

� L’imagerie moderne nous permet d’identifier les 
patients à risque de se détériorer sans traitement.

� Le tx mécanique/TEV a évolué.

� Des études ont été publiées.

� Pourquoi pas?



Cas clinique: L’AVC au réveil
� F 78 ans
� DB II, HTA
� Vue N la veille à 22h
� Se réveille à 6h30 

avec une hémiparésie 
gauche.

� NIHSS 18
� CT: ASPECT 9
� CTA: Occlusion M1 d

www.aspectsinstroke.com



Questions
� Thrombolyse IV

� Oui?
� Non?

� TEV
� Oui?
� Non?

� Différence si CTP disponible
� Oui?
� Non?

� Si NIHSS 4 au 
lieu de 18?

� Si ASPECT  6? 
4?

� Impact des 
collatérales?



HERMES



HERMES





Bénéfice avec ASPECT de 5 et plus mais peu de patients avec pauvre 
ASPECT



Augmentation des saignements 
intracrâniens si pauvre ASPECTs



Les principes de la perfusion
� CBF (cerebral blood flow):

� Volume de sang passant dans une région du 
cerveau durant une période de temps.

� Moins de 30% de la normale = “core” = zone 
irréversiblement* atteinte.

� Tmax plus de 6 sec:

� Volume de cerveau où le sang prend trop de 
temps à circuler.

� = Pénombre = zone à risque mais « sauvable »





NNT 2.8



DAWN 6-24h: pas de différence 
selon le temps…



Exemple de critères (DEFUSE) pour TEV avec IRAPID:
Core < 70 𝑐𝑐 (CBF)
Mismatch ≥ 1.8 et volume de mismatch ≥ 15 𝑐𝑐



DEFUSE



DEFUSE 6-16h: Bénéfice pour 
tous les sous-groupes
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Thrombectomy for anterior circulation stroke beyond 6 h 
from time last known well (AURORA): a systematic review 
and individual patient data meta-analysis
Tudor G Jovin*, Raul G Nogueira*, Maarten G Lansberg, Andrew M Demchuk, Sheila O Martins, J Mocco, Marc Ribo, Ashutosh P Jadhav, 
Santiago Ortega-Gutierrez, Michael D Hill, Fabricio O Lima, Diogo C Haussen, Scott Brown, Mayank Goyal, Adnan H Siddiqui, Jeremy J Heit, 
Bijoy K Menon, Stephanie Kemp, Ron Budzik, Xabier Urra, Michael P Marks, Vincent Costalat, David S Liebeskind, Gregory W Albers

Summary
Background Trials examining the benefit of thrombectomy in anterior circulation proximal large vessel occlusion 
stroke have enrolled patients considered to have salvageable brain tissue, who were randomly assigned beyond 6 h 
and (depending on study protocol) up to 24 h from time last seen well. We aimed to estimate the benefit of 
thrombectomy overall and in prespecified subgroups through individual patient data meta-analysis.

Methods We did a systematic review and individual patient data meta-analysis between Jan 1, 2010, and March 1, 2021, 
of randomised controlled trials of endovascular stroke therapy. In the Analysis Of Pooled Data From Randomized 
Studies Of Thrombectomy More Than 6 Hours After Last Known Well (AURORA) collaboration, the primary outcome 
was disability on the modified Rankin Scale (mRS) at 90 days, analysed by ordinal logistic regression. Key safety 
outcomes were symptomatic intracerebral haemorrhage and mortality within 90 days. 

Findings Patient level data from 505 individuals (n=266 intervention, n=239 control; mean age 68·6 years [SD 13·7], 
259 [51·3%] women) were included from six trials that met inclusion criteria of 17 screened published randomised 
trials. Primary outcome analysis showed a benefit of thrombectomy with an unadjusted common odds ratio 
(OR) of 2·42 (95% CI 1·76–3·33; p<0·0001) and an adjusted common OR (for age, gender, baseline stroke severity, 
extent of infarction on baseline head CT, and time from onset to random assignment) of 2·54 (1·83–3·54; p<0·0001). 
Thrombectomy was associated with higher rates of independence in activities of daily living (mRS 0–2) than best 
medical therapy alone (122 [45·9%] of 266 vs 46 [19·3%] of 238; p<0·0001). No significant difference between 
intervention and control groups was found when analysing either 90-day mortality (44 [16·5%] of 266 vs 
46 [19·3%] of 238) or symptomatic intracerebral haemorrhage (14 [5·3%] of 266 vs eight [3·3%] of 239). No 
heterogeneity of treatment effect was noted across subgroups defined by age, gender, baseline stroke severity, vessel 
occlusion site, baseline Alberta Stroke Program Early CT Score, and mode of presentation; treatment effect was 
stronger in patients randomly assigned within 12–24 h (common OR 5·86 [95% CI 3·14–10·94]) than those randomly 
assigned within 6–12 h (1·76 [1·18–2·62]; pinteraction=0·0087). 

Interpretation These findings strengthen the evidence for benefit of endovascular thrombectomy in patients with 
evidence of reversible cerebral ischaemia across the 6–24 h time window and are relevant to clinical practice. Our 
findings suggest that in these patients, thrombectomy should not be withheld on the basis of mode of presentation or 
of the point in time of presentation within the 6–24 h time window.

Funding Stryker Neurovascular.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction
The first generation of prospective randomised trials that 
showed clinical benefit of mechanical thrombectomy in 
acute stroke due to anterior circulation large vessel 
occlusion (LVO) enrolled most patients within 6 h of time 
last seen well and selected patients primarily based on 
imaging studies aiming to exclude haemorrhage, confirm 
the presence of LVO, and exclude a large baseline infarct 
(core).1–7 In these trials, CT perfusion or MRI, considered 
more accurate imaging methods than non-contrast CT 
for assessment of salvageable brain tissue were not 
required for patient enrolment. Furthermore, benefit of 

throm bectomy was shown to be time dependent as the 
lower boundary of the 95% CI for demonstrable benefit 
was found to cross the line representing the common 
odds ratio (OR) of 1 at 7 h from time last seen well to 
procedure initiation.8 Two subsequent trials (DAWN9 and 
DEFUSE 310) have shown that in selected patients with 
acute stroke due to anterior circulation LVO randomly 
assigned within 6–24 h and 6–16 h of time last seen well 
respectively, the benefit of thrombectomy is no less than 
that shown in the early time window. DAWN and 
DEFUSE 3 only included patients with evidence of 
salvageable brain tissue identified through the presence 
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which neurological deficits first occur is unknown. 
Although the time of symptom discovery is typically 
when medical attention is sought, for the purposes of 
establishing eligibility for thrombectomy, the universally 
accepted reference point is the time last seen well. There 
are three distinct modes by which patient stroke 
symptoms first come to attention: wake-up stroke, 
unwitnessed onset stroke, and witnessed onset stroke 
(appendix p 7).

The distinction between the 0–6 h and 6–24 h time 
periods is important in clinical practice; current 
guidelines15,16 recommend demonstration of mismatch as 
defined in DAWN9 or DEFUSE 310 as a prerequisite for 
selection for endovascular therapy in patients who are 
late-presenting but not for those who are early-presenting.

Uncertainties remain for the benefits of endovascular 
therapy in patient subpopulations that were under-
represented in individual trials, including those who 
present in the latest time period, who are not selected on 
the basis of volumetric mismatch assessment, and those 

whose symptoms are witnessed to have occurred for 
longer than 6 h. Moreover, since these trials were either 
individually moderate in size or their contributing 
dataset entailed a small number of patients, data pooling 
can provide more precise treatment effect estimation. 
Herein, we seek to address questions about the risks and 
benefits of endovascular therapy with second-generation 
thromb ectomy devices in patients with LVO stroke 
presenting beyond 6 h from time last seen well by 
performing an individual patient data pooled meta-
analysis of randomised controlled trials of thromb-
ectomy for acute ischaemic stroke involving this patient 
population.

Methods
Search strategy and selection criteria
In this systematic review and individual patient data 
meta-analysis, we searched MEDLINE, PubMed, Embase, 
and ClincalTrials.gov, using the search terms “stroke”, 
“endovascular”, “large vessel occlusion”, and “6 hours” to 

See Online for appendix

Number of 
participants

Country where 
trial was 
conducted

Age, years NIHSS Time window 
included in the 
analysis, h

Endovascular treatment modality Primary endpoint analysis

DAWN9 206 Canada, France, 
Spain, USA

≥18 ≥10 6–24 Trevo stent-retriever Utility weighted mRS13 and 
dichotomised mRS 0–2

DEFUSE 310 182 USA ≥18–90 ≥6 6–16 All US FDA approved devices  (stent-retrievers, 
aspiration catheters)

Ordinal mRS (shift)

ESCAPE4 49 Canada, Ireland, 
South Korea, UK, 
USA 

≥18 ≥6 6–12 All approved devices by local regulatory agency 
(stent- retrievers, aspiration catheters)

Ordinal mRS (shift)

RESILIENT12 26 Brazil ≥18 ≥8 6–8 Solitaire stent- retriever, Penumbra aspiration 
catheters 

Ordinal mRS (shift)

POSITIVE11 21* USA ≥18 ≥8 6–12 All US FDA approved devices (stent-retrievers, 
aspiration catheters)

Ordinal mRS (shift)

REVASCAT5 21 Spain 18–85 ≥6 6–8 Solitaire stent-retriever Ordinal mRS (shift)

In all cases, target vessels were the intracranial  internal carotid artery, M1 segment of the middle cerebral artery, or both. The NIHSS ranges from 0 to 42, with higher scores indicating greater stroke severity). The 
mRS ranges from 0 (no symptoms) to 6 (death). NIHSS=National Institutes of Health Stroke Scale. mRS=modified Rankin Scale. FDA=Food and Drug Administration. *Nine participants categorised as enrolled 
within 0–6 h of time last seen well11 were actually randomly assigned beyond 6 h of time last seen well.

Table 1: Characteristics of participating trials 

Mandatory 
CTP or MRI

Mandatory 
MRA or CTA

Mandatory baseline 
infarct volumetric 
assessment

Mandatory baseline 
perfusion lesion 
volumetric assessment

Minimum requirement for 
extent of baseline infarct

Patients with baseline 
CTP or MRI used for 
enrolment

DAWN9 Yes MRA or CTA Yes No Infarct volume (RAPID) <51 mL*; 
<1/3 MCA hypodensity† 
(screening only)

206/206 (100·0%)

DEFUSE 310 Yes MRA or CTA Yes Yes Infarct volume (RAPID) <70 mL 
ASPECTS >5 (screening only)

182/182 (100·0%)

ESCAPE4 No MRA or CTA No No ASPECTS >5 4/49 (8·2%)

POSITIVE11 Yes MRA or CTA No No ASPECTS >6 19/21 (90·5%)

REVASCAT5 Yes‡ MRA or CTA No No ASPECTS >6 13/21 (61·9%)

RESILIENT12 No MRA or CTA No No ASPECTS >5 13/26 (50·0%)

Data are n/N (%) unless otherwise specified. CTP=CT perfusion. MRA=magnetic resonance angiography. CTA=CT angiography. MCA=middle cerebral artery. ASPECTS=Alberta 
Stroke Program Early CT Scores. *Maximum lesion volume varied according to patient’s age and baseline stroke severity (National Institutes of Health Stroke Scale). 
†Corresponds to ASPECTS of more than four.14 ‡Only for patients presenting more than 4·5 h from time last seen well. 

Table 2: Imaging selection criteria for each participating trial
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Summary
Background Trials examining the benefit of thrombectomy in anterior circulation proximal large vessel occlusion 
stroke have enrolled patients considered to have salvageable brain tissue, who were randomly assigned beyond 6 h 
and (depending on study protocol) up to 24 h from time last seen well. We aimed to estimate the benefit of 
thrombectomy overall and in prespecified subgroups through individual patient data meta-analysis.

Methods We did a systematic review and individual patient data meta-analysis between Jan 1, 2010, and March 1, 2021, 
of randomised controlled trials of endovascular stroke therapy. In the Analysis Of Pooled Data From Randomized 
Studies Of Thrombectomy More Than 6 Hours After Last Known Well (AURORA) collaboration, the primary outcome 
was disability on the modified Rankin Scale (mRS) at 90 days, analysed by ordinal logistic regression. Key safety 
outcomes were symptomatic intracerebral haemorrhage and mortality within 90 days. 

Findings Patient level data from 505 individuals (n=266 intervention, n=239 control; mean age 68·6 years [SD 13·7], 
259 [51·3%] women) were included from six trials that met inclusion criteria of 17 screened published randomised 
trials. Primary outcome analysis showed a benefit of thrombectomy with an unadjusted common odds ratio 
(OR) of 2·42 (95% CI 1·76–3·33; p<0·0001) and an adjusted common OR (for age, gender, baseline stroke severity, 
extent of infarction on baseline head CT, and time from onset to random assignment) of 2·54 (1·83–3·54; p<0·0001). 
Thrombectomy was associated with higher rates of independence in activities of daily living (mRS 0–2) than best 
medical therapy alone (122 [45·9%] of 266 vs 46 [19·3%] of 238; p<0·0001). No significant difference between 
intervention and control groups was found when analysing either 90-day mortality (44 [16·5%] of 266 vs 
46 [19·3%] of 238) or symptomatic intracerebral haemorrhage (14 [5·3%] of 266 vs eight [3·3%] of 239). No 
heterogeneity of treatment effect was noted across subgroups defined by age, gender, baseline stroke severity, vessel 
occlusion site, baseline Alberta Stroke Program Early CT Score, and mode of presentation; treatment effect was 
stronger in patients randomly assigned within 12–24 h (common OR 5·86 [95% CI 3·14–10·94]) than those randomly 
assigned within 6–12 h (1·76 [1·18–2·62]; pinteraction=0·0087). 

Interpretation These findings strengthen the evidence for benefit of endovascular thrombectomy in patients with 
evidence of reversible cerebral ischaemia across the 6–24 h time window and are relevant to clinical practice. Our 
findings suggest that in these patients, thrombectomy should not be withheld on the basis of mode of presentation or 
of the point in time of presentation within the 6–24 h time window.

Funding Stryker Neurovascular.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction
The first generation of prospective randomised trials that 
showed clinical benefit of mechanical thrombectomy in 
acute stroke due to anterior circulation large vessel 
occlusion (LVO) enrolled most patients within 6 h of time 
last seen well and selected patients primarily based on 
imaging studies aiming to exclude haemorrhage, confirm 
the presence of LVO, and exclude a large baseline infarct 
(core).1–7 In these trials, CT perfusion or MRI, considered 
more accurate imaging methods than non-contrast CT 
for assessment of salvageable brain tissue were not 
required for patient enrolment. Furthermore, benefit of 

throm bectomy was shown to be time dependent as the 
lower boundary of the 95% CI for demonstrable benefit 
was found to cross the line representing the common 
odds ratio (OR) of 1 at 7 h from time last seen well to 
procedure initiation.8 Two subsequent trials (DAWN9 and 
DEFUSE 310) have shown that in selected patients with 
acute stroke due to anterior circulation LVO randomly 
assigned within 6–24 h and 6–16 h of time last seen well 
respectively, the benefit of thrombectomy is no less than 
that shown in the early time window. DAWN and 
DEFUSE 3 only included patients with evidence of 
salvageable brain tissue identified through the presence 
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721 min (557–957) in the unwitnessed group. The median 
ASPECTS was eight (7–9). The number of patients with 
core laboratory adjudicated ASPECTS 0–5 was 42.

Baseline characteristics for patients in the throm-
bectomy and control groups are shown in table 4.

Analysis of the primary outcome, reduced disability at 
90 days, showed an adjusted common OR of 2·54 (95% CI 
1·83–3·54; p<0·0001) favouring the intervention arm 
(figure 1, table 3). The corresponding unadjusted common 
OR was 2·42 (1·76–3·33; p<0·0001) and the number 
needed to treat for one patient to have a reduced disability 
score by one or more values on the mRS was three.

The proportion of patients with a mRS of 0–2 at 90 days 
was significantly higher in the intervention group than in 
the control group (122 [45·9%] of 266 vs 46 [19·3%] of 238, 
rate ratio 2·37 [95% CI 1·69–3·33]; p<0·0001). More 
patients in the intervention group showed major early 
neurological recovery than in the control group (106 
[40·5%] of 262 vs 33 [14·1%] of 234, rate ratio 2·86 
[1·94–4·24]; p<0·0001). In individuals assigned to 
endovascular therapy, successful revascularisation 
(modified Thrombolysis in Cerebral Infarction scale 
score 2b/3) was seen in 213 (81·0%) of 263 patients. No 
significant differences between intervention and control 
groups were found with respect to mortality at 90 days 
(44 [16·5%] of 266 vs 46 [19·3%] of 238; adjusted OR 0·96 
[95% CI 0·58–1·60]; p=0·88) or rates of symptomatic 
intracranial haemorrhage (14 [5·3%] of 266 vs eight 
[3·3%] of 239; adjusted OR 1·74 [0·70–4·31]; p=0·23). 
Details of all prespecified efficacy and safety outcomes are 
shown in table 3.

For the primary outcome (mRS distribution at 90 days), 
there was no evidence of heterogeneity of treatment effect 

across the following prespecified variables: age, gender, 
baseline stroke severity (NIHSS), site of intracranial 
occlusion, and ASPECTS. Similarly, no interaction was 
noted with regards to treatment of patients selected based 
on volumetric imaging analysis (DAWN and DEFUSE 3) 
versus other imaging selection modalities (all other trials). 
Heterogeneity of treatment effect was noted in subgroups 
defined by time from onset to random assignment; a 
stronger treatment effect was noted in patients randomly 
assigned in the 12–24 h time window (common OR 5·86 
[95% CI 3·14–10·94]) than those randomly assigned in the 
6–12 h time window (common OR 1·76 [1·18–2·62]), 
pinteraction=0·0087 (figures 1B, 2). The direction of effect 
favoured the intervention group across all strata. No 
evidence of heterogeneity of treatment effect across the 
prespecified subgroups was noted with respect to mortality 
at 90 days or functional independence (mRS 0–2) at 
90 days, except in functional independence for patients 
treated in the 12–24-h period (appendix p 5). Finally, no 
evidence of heterogeneity of treatment effect was noted 
with respect to benefit from thrombectomy derived from 
each individual trial (p=0·18).

Discussion
This pooled analysis of patient-level data from all published 
randomised controlled trials that enrolled patients with 
anterior circulation LVO stroke, randomly assigned 
between 6–24 h from time last seen well and given second-
generation thrombectomy devices, confirms the benefit of 
endovascular thrombectomy across a broad range of 
subgroups, including in those presenting more than 12 h 
from stroke symptom onset and those with witnessed 
onset deficit. Our study provides a more precise estimate 
of treatment effect than each individual trial. We found a 
2·5-times improvement in outcomes with thrombectomy 
over best medical therapy alone. For every 100 patients 
given endovascular therapy, 33 will be less disabled than if 
they had received best medical therapy alone including 
27 more patients who will reach functional independence 
(mRS 0–2) at 90 days. We did not detect significant 
differences in the rates of symptomatic intracranial 
haemorrhage and 90-day mortality between patients given 
thrombectomy versus best medical therapy alone. 
However, because symptomatic intracerebral haemorrhage 
rates were numerically more frequent in the thrombectomy 
group than the control group and given the observed wide 
CIs around the point estimate, our findings do not exclude 
the possibility that thrombectomy might be associated 
with an increased risk of symptomatic intra cerebral 
haemorrhage.

Similar to studies conducted in the early time window, 
our results indicate consistent benefit of thrombectomy 
across the entire spectrum of baseline stroke severity 
beyond an NIHSS of more than five on presentation. 
Treatment of patients with proximal LVO and NIHSS of 
five or less is an important research question that awaits 
clarification from ongoing randomised trials using time 

Figure 1: mRS scores at 90 days
(A) The distribution of scores in percentages at 90 days in the intervention and control groups in the overall study 
population. A significant difference between the intervention and control groups was seen in the overall 
distribution of scores favouring intervention. (B) The distribution of scores in percentages at 90 days in the 
intervention and control groups separately for patients randomly assigned in the 6–12-h period versus the 
12–24-h period. In this analysis, there was evidence of heterogeneity of effect. mRS=modified Rankin Scale.
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Assessment of Optimal Patient Selection for Endovascular Thrombectomy
Beyond 6 Hours After Symptom Onset
A Pooled Analysis of the AURORA Database
Gregory W. Albers, MD; Maarten G. Lansberg, MD, PhD; Scott Brown, PhD; Ashutosh P. Jadhav, MD, PhD; Diogo C. Haussen, MD;
Sheila O. Martins, MD, PhD; Leticia C. Rebello, MD; Andrew M. Demchuk, MD; Mayank Goyal, MD, PhD; Marc Ribo, MD; Aquilla S. Turk, DO;
David S. Liebeskind, MD; Jeremy J. Heit, MD, PhD; Michael P. Marks, MD; Tudor G. Jovin, MD; Raul G. Nogueira, MD; for the AURORA Investigators

IMPORTANCE The optimal imaging approach for identifying patients who may benefit from
endovascular thrombectomy (EVT) beyond 6 hours after they were last known well is
unclear. Six randomized clinical trials (RCTs) have evaluated the efficacy of EVT vs standard
medical care among patients with ischemic stroke.

OBJECTIVE To assess the benefits of EVT among patients with 3 baseline imaging profiles
using a pooled analysis of RCTs.

DATA SOURCES The AURORA (Analysis of Pooled Data from Randomized Studies of
Thrombectomy More Than 6 Hours After Last Known Well) Collaboration pooled
patient-level data from the included clinical trials.

STUDY SELECTION An online database search identified RCTs of endovascular stroke therapy
published between January 1, 2010, and March 1, 2021, that recruited patients with ischemic
stroke who were randomized between 6 and 24 hours after they were last known well.

DATA EXTRACTION/SYNTHESIS Data from the final locked database of each study were
provided. Data were pooled, and analyses were performed using mixed-effects modeling
with fixed effects for parameters of interest.

MAIN OUTCOMES AND MEASURES The primary outcome was reduction in disability measured
by the modified Rankin Scale at 90 days. An evaluation was also performed to examine
whether the therapeutic response differed based on imaging profile among patients who
received treatment based on the time they were last known well. Treatment benefits were
assessed among a clinical mismatch subgroup, a target perfusion mismatch subgroup, and an
undetermined profile subgroup. The primary end point was assessed among these subgroups
and during 3 treatment intervals (tercile 1, 360-574 minutes [6.0-9.5 hours]; tercile 2,
575-762 minutes [9.6-12.7 hours]; and tercile 3, 763-1440 minutes [12.8-24.0 hours]).

RESULTS Among 505 eligible patients, 266 (mean [SD] age, 68.4 [13.8] years; 146 women
[54.9%]) were assigned to the EVT group and 239 (mean [SD] age, 68.7 [13.7] years; 126 men
[52.7%]) were assigned to the control group. Among 295 patients in the clinical mismatch
subgroup and 359 patients in the target perfusion mismatch subgroup, EVT was associated
with reductions in disability at 90 days vs no EVT (clinical mismatch subgroup, odds ratio
[OR], 3.57; 95% CI, 2.29-5.57; P < .001; target perfusion mismatch subgroup, OR, 3.13; 95%
CI, 2.10-4.66; P = .001). Statistically significant benefits were observed in all 3 terciles for
both subgroups, with the highest OR observed for tercile 3 (clinical mismatch subgroup, OR,
4.95; 95% CI, 2.20-11.16; P < .001; target perfusion mismatch subgroup, OR, 5.01; 95% CI,
2.37-10.60; P < .001). A total of 132 patients (26.1%) had an undetermined imaging profile and
no significant treatment benefit (OR, 1.59; 95% CI, 0.82-3.06; P = .17). The interaction
between treatment effects for the clinical and target perfusion mismatch subgroups vs the
undetermined profile subgroup was significant (OR, 2.28; 95% CI, 1.11-4.70; P = .03).

CONCLUSIONS AND RELEVANCE In this study, EVT was associated with similar benefit among
patients in the clinical mismatch and target perfusion mismatch subgroups during the 6- to
24-hour treatment interval. These findings support EVT as a treatment for patients meeting
the criteria for either of the imaging mismatch profiles within the 6- to 24-hour interval.
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Published online July 26, 2021. Corrected on September 9, 2021.

Editorial page 1051

Supplemental content

Author Affiliations: Author
affiliations are listed at the end of this
article.

Group Information: The AURORA
Investigators are listed at the end of
the article.

Corresponding Author: Gregory W.
Albers, MD, Department of
Neurology and Neurological Sciences,
Stanford University, 453 Quarry Rd,
Stanford, CA 94305 (albers@
stanford.edu).

Research

JAMA Neurology | Original Investigation

1064 (Reprinted) jamaneurology.com

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Universite de Sherbrooke User  on 11/02/2022

mismatch imaging profiles, no significant differences were
observed.

Using a 24-hour interval for endovascular therapy and treat-
ment of patients who meet either the clinical or target perfusion
mismatch profile will increase the number of patients who can
be treated. In the present study, patients who had an undeter-
mined mismatch profile because perfusion imaging was not per-
formed did not experience a treatment benefit, and a significant
interaction between treatment effect and mismatch status was

found. The AURORA Collaboration was not able to assess treat-
ment benefits in nonmismatched patients because these patients
were excluded from the 2 largest studies1,2 in the AURORA da-
tabase, and only 1 nonmismatched patient was included in the
other studies.3-6 Studies of patients with larger perfusion-based
ischemic core lesions, such as the SELECT 2 (A Randomized
Controlled Trial to Optimize Patient's Selection for Endovascu-
lar Treatment in Acute Ischemic Stroke; ClinicalTrials.gov
identifier: NCT03876457) clinical trial, and studies that use
nonperfusion-based imaging, such as the MR CLEAN-LATE
(Multicenter Randomized Clinical Trial of Endovascular
Treatment of Acute Ischemic Stroke in The Netherlands for Late
Arrivals; isrctn.org identifier: ISRCTN19922220) and RESILIENT-
Extend (Randomization of Endovascular Treatment With
Stent Retriever and/or Thromboaspiration vs Best Medical
Therapy in Acute Ischemic Stroke Due to Large Vessel Occlusion
Trial in the Extended Time Window; ClinicalTrials.gov identifier:
NCT04256096) clinical trials, are currently ongoing.

Limitations
This study has limitations. It is possible that the treatment ben-
efit may be greater in those patients who qualified as having tar-
get perfusion mismatch, but not clinical mismatch, because the
ischemic core volume was too large to qualify for clinical mis-
match (>30 mL for those aged ≥80 years and >50 mL for those
aged <80 years) vs those presenting with baseline NIHSS scores
of 6 to 9. This issue was highlighted in a DEFUSE 3 substudy12

that reported a significant treatment benefit among patients who
qualified as having target perfusion mismatch, but not clinical
mismatch, based on ischemic core size but found no signifi-
cant benefit among patients who did not qualify for clinical

Figure. Modified Rankin Scale Score at 90 Days Among All Patients and Patients in Clinical Mismatch,
Target Perfusion Mismatch, and Undetermined Profile Subgroups

All patients

Clinical mismatch subgroup

Target perfusion mismatch subgroup

Undetermined profile subgroup

Treatment

Treatment

Treatment

Treatment

Control

Control

Control

Control

Modified Rankin Scale score 0 1 2 3 4 5 6

100806040200

Patients, %

All patients category includes 504
participants; clinical mismatch
subgroup, 295 participants; target
perfusion mismatch subgroup, 359
participants; and undetermined
profile subgroup, 132 participants.
Diagonal blue lines show the shift in
favorable and unfavorable outcomes.

Table 4. Treatment Benefit Based on Analysis of Ordinal Change
in 90-Day Modified Rankin Scale Scoresa

Subgroup
Patients,
No. OR (95% CI) P value

Clinical mismatch profile

Time tercileb

1 92 2.83 (1.21-6.65) .02

2 93 3.48 (1.54-7.85) .003

3 110 4.95 (2.20-11.16) <.001

Target perfusion
mismatch profile
Time tercileb

1 120 2.17 (1.09-4.33) .03

2 118 3.16 (1.53-6.54) .002

3 121 5.01 (2.37-10.60) <.001

Abbreviation: OR, odds ratio.
a Based on time between last known well and randomization.
b Tercile 1 was 360 to 574 minutes (6.0-9.5 hours), tercile 2 was 575 to 762

minutes (9.6-12.7 hours), and tercile 3 was 763 to 1440 minutes (12.8-24.0
hours).
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provides the first data on the benefits of endovascular therapy
among patients with a target perfusion mismatch profile be-
yond 16 hours after they were last known well. The associ-
ated benefits for these patients were substantial (Table 4).

In general, target perfusion mismatch criteria identify a
larger number of patients than clinical mismatch criteria (eg,
359 patients vs 295 patients, respectively, in the AURORA
database). Patients who qualify as having target perfusion mis-

match and nonclinical mismatch profiles include those with
larger ischemic core volumes (>30 mL for those aged ≥80 years
and >50 mL for those aged <80 years) and those presenting with
a baseline NIHSS score of 6 to 9.

A target perfusion mismatch approach for patient selec-
tion in endovascular RCTs was first used in the EXTEND-IA
(Extending the Time for Thrombolysis in Emergency Neuro-
logical Deficits–Intra-arterial)8 and SWIFT PRIME (Solitaire
With the Intention for Thrombectomy as Primary Endovas-
cular Treatment)9 studies, both of which enrolled patients
within 6 hours of symptom onset. The recent FRAME
(French Acute Cerebral Multimodal Imaging to Select
Patient for Mechanical Thrombectomy) study10 also
assessed perfusion imaging profiles early in the treatment
interval and reported that perfusion profiles were associ-
ated with clinical response to EVT. A perfusion mismatch
approach was used in the EXTEND clinical trial,11 which
reported a treatment benefit associated with intravenous
alteplase therapy vs placebo among patients enrolled within
4.5 to 9.0 hours of symptom onset. A pooled analysis of the
EXTEND study and 2 additional clinical trials that obtained
perfusion imaging before randomizing patients to receive
intravenous alteplase therapy vs placebo beyond 4.5 hours
after stroke onset reported that the rate of excellent func-
tional outcomes was higher in the alteplase group than the
placebo group (36% vs 26%, respectively; adjusted OR,
2.06; 95% CI, 1.17-3.62; P = .01).11 Among patients without

Table 2. Baseline Characteristics of Patients With Available vs Undetermined Imaging Profiles

Characteristic
Imaging profile
availablea

Imaging profile
undeterminedb P value

Total patients, No. 373 132 NA
Age, y

Mean (SD) 68.7 (13.7) 68.2 (14.0)
.72

Median (IQR) 70.0 (59.0-79.0) 68.0 (58.0-79.0)
Sex, No./total No. (%)

Female 184/373 (49.3) 75/132 (56.8)
.14

Male 189/373 (50.7) 57/132 (43.2)
NIHSS scorec

Patients, No. 373 132 NA
Mean (SD) 16.8 (5.8) 16.7 (4.8)

.81
Median (IQR) 16.0 (12.0-21.0) 16.0 (13.0-20.0)

Systolic blood pressure, mm Hg
Patients, No. 373 132 NA
Mean (SD) 147.0 (22.0) 144.6 (22.3)

.29
Median (IQR) 147.0 (133.0-161.0) 145.0 (128.8-159.0)

Hypertension, No./total No. (%) 290/371 (78.2) 88/132 (66.7) .02
Hyperlipidemia, No./total No. (%) 185/363 (51.0) 62/131 (47.3) .37
Diabetes, No./total No. (%) 105/368 (28.5) 31/132 (23.5) .27
Atrial fibrillation, No./total No. (%) 119/357 (33.3) 44/116 (37.9) .37
ASPECTS resultd

Patients, No. 334 121 NA
Mean (SD) 7.6 (1.4) 7.7 (1.5)

.80
Median (IQR) 8.0 (7.0-9.0) 8.0 (7.0-9.0)

TICI grade 2b or 3, No./total No. (%) 156/192 (81.3) 57/71 (80.3) .86
Location of LVO, No./total No. (%)

ICA 105/373 (28.2) 23/132 (17.4)
.02

MCA 268/373 (71.8) 109/132 (82.6)

Abbreviations: ASPECTS, Alberta
Stroke Programme Early CT Score;
ICA, internal carotid artery;
IQR, interquartile range;
LVO, large-vessel occlusion;
MCA, middle cerebral artery; NA, not
applicable; NIHSS, National Institutes
of Health Stroke Scale;
TICI, thrombolysis in cerebral
infarction.
a Includes both clinical mismatch

profile and perfusion mismatch
profile subgroups.

b Includes those who did not receive a
computed tomographic perfusion or
magnetic resonance imaging scan.

c Score range, 0-42, with higher
scores indicating greater stroke
severity.

d Score range, 0-10, with 10 indicating
a healthy brain and 1 point
subtracted for any evidence of early
ischemic change in each of the
defined brain regions.

Table 3. Likelihood of Ordinal Change in 90-Day Modified
Rankin Scale Scores

Subgroup
Patients,
No. OR (95% CI) P value

All patients 504a 2.54 (1.83-3.54) <.001

Patients for whom both imaging
profiles could be determined

372 3.14 (2.12-4.64) <.001

Patients with clinical mismatch
profile

295 3.57 (2.29-5.57) <.001

Patients with target perfusion
mismatch profile

359 3.13 (2.10-4.66) <.001

Patients with undetermined
imaging profileb

132 1.59 (0.82-3.06) .17

Abbreviation: OR, odds ratio.
a One of the 505 patients did not have a 90-day modified Rankin Scale score

available and was excluded from this analysis.
b The OR for interaction between treatment benefit among patients with

undetermined imaging profiles vs patients with available clinical and/or target
perfusion imaging profiles was 2.28 (95% CI, 1.11-4.70; P = .03).
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The median (IQR) ASPECTS score was 8 (7-9) across the 3
groups. Internal carotid artery occlusion was more common
in the MRI and NCCT groups compared with the CTP group (103
[32.4%] vs 161 [30.2%] vs 162 [21.5%], respectively; P < .001).
The M2 occlusions were more common in the CTP than CT and
MRI groups (160 [21.3%] vs 73 [13.7%] vs 39 [12.3%], respec-
tively; P < .001).

Time Metrics
Time last seen well to puncture was shorter in patients who
underwent NCCT selection (median [IQR], 10.4 [7.8-14.4]
hours) compared with CTP selection (median [IQR], 11.3 [8.4-
15.2] hours) and MRI selection (median [IQR], 12.4 [9.4-15.4]
hours; P < .001). In a subgroup analysis of patients who pre-
sented directly to the endovascular center (n = 598) with avail-
able door arrival time (n = 484), there were shorter door-to-
puncture times for NCCT (median [IQR],76 [50-107] minutes)
compared with CTP (median [IQR], 93 [72-118] minutes) and
MRI (median [IQR], 98 [78-135] minutes; P < .001).

Procedural Outcome
Successful reperfusion (mTICI scores 2b-3) was more com-
mon in the NCCT group (474 [88.9%]) and CTP group (670
[89.5%]) compared with the MRI group (250 [78.9%]; P < .001).
General anesthesia was more commonly used in the NCCT
group (133 [25.5%]) than the CTP group (128 [17.5%]) and MRI
group (54 [17.0%]; P = .001).

Clinical and Safety Outcomes
Discharge NIHSS scores were lower among patients selected
with NCCT (median [IQR], 7 [3-17]) and CTP (median [IQR], 6
[2-14]) than those undergoing MRI (median [IQR], 11 [3-19];
P < .001). Overall, symptomatic intracranial hemorrhage was
present in 6.3% (n = 100) of this cohort and was similar be-
tween the 3 imaging modalities (NCCT, 42 [8.1%]; CTP,
43 [5.8%]; MRI, 15 [4.7%]; P = .11). In addition, mortality at 90
days was similar between the 3 groups (NCCT, 125 [23.4%]; CTP,
159 [21.1%]; MRI, 62 [19.5%]; P = .38) (Table 1).

Analysis of 90-Day Functional Independence
A90-daymRSscoreof0to2wasobservedin220patientsselected
by NCCT (41.2%), 333 selected by CTP (44.3%), and 123 selected
by MRI (38.7%) (Table 1). The crude and adjusted odds of inde-
pendent outcomes (mRS score 0-2) by imaging modality, base-
line characteristics, and metrics are presented in Table 2. Of the
1604 patients in the primary cohort, complete information for
multivariate analysis was available in 1530 patients (NCCT, 480;
CTP, 735; MRI, 315). In the multivariable analysis, after adjusting
for these factors, odds of functional independence at 90 days
(mRS scores, 0-2) was similar between patients selected by CTP
and NCCT (adjusted OR [aOR], 0.90 [95% CI, 0.70-1.16]; P = .42).
However,therewereloweroddsofindependentoutcomesforpa-
tients selected by MRI than those selected by NCCT (aOR, 0.79
[95% CI, 0.63-0.98]; P = .03). Among other factors, age, baseline
NIHSS score, baseline mRS score, diabetes, transfer status, and
baseline ASPECTS were associated with independent outcomes
at 90 days (Table 2).

Analysis of 90-Day Ordinal mRS Shift
In the multivariable analysis, after adjusting for the men-
tioned factors, there was no difference in 90-day ordinal mRS
shift between patients selected by NCCT vs CTP (aOR, 0.95
[95% CI, 0.77-1.17]; P = .64) or patients selected by NCCT vs MRI
(aOR, 0.95 [95% CI, 0.80-1.13]; P = .55; Table 3; Figure 2). On
multivariate analysis, increasing age (OR, 0.97 [95% CI, 0.96-
0.99]; P < .001), higher baseline NIHSS scores (OR, 0.91 [95%
CI, 0.89-0.92]; P < .001), higher baseline mRS scores (ORs: score
of 1, 0.68 [95% CI, 0.54-0.86]; P = .001; score of 2, 0.48 [95%
CI, 0.34-0.65]; P < .001), diabetes (on univariate analysis only;
OR, 0.77 [95% CI, 0.62-0.96]; P = .02), internal carotid artery
occlusion (OR, 0.83 [95% CI, 0.69-1.0]; P = .049), and having
been transferred (OR, 0.79 [95% CI, 0.67-0.92]; P = .002) were
associated with decreased odds of a 1-point shift toward the
lowered ordered value, indicating a worse prognosis. Con-
versely, an increasing ASPECTS score (OR, 1.18 [95% CI, 1.13-
1.24]; P < .001) was associated with increased odds of a 1-point
shift, indicating an improved prognosis.

Table 1. Baseline Characteristics, Metrics, and Outcomes of Patients in the 6-24–Hour Window,
According to Imaging Modality Selection for Thrombectomy (continued)

Characteristic

Patients, No. (%)

P valueOverall
Computed
tomographya

Computed
tomography
perfusion

Magnetic
resonance
imaging

90-d mRS score .21
0-2 676 (42.1) 220 (41.2) 333 (44.3) 123 (38.7)

3-6 928 (57.9) 314 (58.8) 419 (55.7) 195 (61.3)

Symptomatic intracranial
hemorrhageb .11

No 1478 (93.7) 476 (91.9) 700 (94.2) 302 (95.3)

Yes 100 (6.3) 42 (8.1) 43 (5.8) 15 (4.7)

Mortality, 90 d

No 1258 (78.4) 409 (76.6) 593 (78.9) 256 (80.5)
.38

Yes 346 (21.6) 125 (23.4) 159 (21.1) 62 (19.5)

Abbreviations: ASPECTS, Alberta
Stroke Program Early Computed
Tomography Score; mRS, modified
Rankin Scale; NA, not applicable;
NIHSS, National Institutes of Health
Stroke Scale; TLSW, time last seen well.
a Of 1604 patients, magnetic

resonance imaging–magnetic reso-
nance angiography was the primary
imaging modality of selection for
large-vessel occlusion in 270 patients.
Computed tomography angiography
was performed in 1303 of 1334
patients (98%).

b ASPECTS, TLSW to puncture, TLSW
to computed tomography, modified
Treatment in Cerebral Infarction
score, general anesthesia, NIHSS
score prior to discharge, and
symptomatic intracranial hemorrhage
were missing for 57, 20, 143, 5, 34,
201, and 26 patients, respectively.
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Résumé
� Davantage de données dans la fenêtre étendue avec 

l’imagerie de perfusion.

� L’imagerie de perfusion sélectionne peut-être de 
meilleurs patients mais prive peut-être aussi de bons 
candidats potentiellement éligibles au traitement? 

� Évaluation des collatérales sur CTA prob aussi une 
bonne option.

� Si le déficit clinique est significatif, que le CTA 
démontre une occlusion proximale et que le CT est 
beau, même si vous n’avez pas accès au CTP:
� « Go for it » et proposez la thrombectomie.



Thrombolyse et fenêtre étendue: 
Plus de 4.5h



� IV tpa vs placebo (début 
inconnu)

� Utilisation du mismatch
DWI/FLAIR.

� MRS 0-1 à 3 mois : 53% tpa
vs 42% placebo (RR 1.61; 
p=0.02)

� HICs 2.0 % tpa vs 0.4% 
placebo; p=0.15 



� IV tpa vs placebo 4.5-9h

� Mismatch cible (IRAPID CTP ou MRI, core < 70 
cc, dufférence core-pénombre plus de 10 cc, 
ratio >1.2) 

� Pas de besoin d’une occlusion vasculaire 
prouvée.
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Thrombolysis for Stroke up to 9 Hours after Onset

With respect to the tertiary outcomes, recana-
lization at 24 hours after stroke occurred in 
67.3% of the patients in the alteplase group and 
in 39.4% of those in the placebo group (adjusted 
risk ratio, 1.68; 95% CI, 1.29 to 2.19), and early 
major neurologic improvement at 24 hours oc-
curred in 23.9% of the patients in the alteplase 
group and in 9.8% of those in the placebo group 
(adjusted risk ratio, 2.76; 95% CI, 1.45 to 5.26). 
There were no significant interactions observed 
between trial group and any subgroup, including 
subgroups defined according to large-vessel oc-
clusion status and time to intervention. (See also 
Figs. S3 and S4 in the Supplementary Appendix.)

Safety
The percentage of patients who died within 90 
days after the intervention did not differ signifi-
cantly between the alteplase group and the pla-
cebo group (13 of 113 patients [11.5%] vs. 10 of 
112 patients [8.9%]; adjusted risk ratio, 1.17; 95% 
CI, 0.57 to 2.40; P = 0.67). Death within 7 days 
occurred in 9 of 225 patients (4.0%) in the trial 
population — 5 in the alteplase group (2 of whom 
had symptomatic hemorrhage) and 4 in the pla-
cebo group.

Symptomatic intracranial hemorrhage occurred 
in 7 of 113 patients (6.2%) in the alteplase group 
and in 1 of 112 patients (0.9%) in the placebo 

Characteristic
Alteplase 
(N = 113)

Placebo 
(N = 112)

Age — yr 73.7±11.7 71.0±12.7

Male sex — no. (%) 59 (52.2) 66 (58.9)

Median NIHSS score (IQR)† 12.0 (8.0–17.0) 10.0 (6.0–16.5)

Clinical history of atrial fibrillation — no. (%) 46 (40.7) 36 (32.1)

Geographic region — no. (%)

Australia, New Zealand, and Finland 90 (79.6) 88 (78.6)

Taiwan 23 (20.4) 24 (21.4)

Time from stroke onset to randomization — no. (%)

>4.5 to 6.0 hr 12 (10.6) 11 (9.8)

>6.0 to 9.0 hr 28 (24.8) 28 (25.0)

Awoke with stroke symptoms‡ 73 (64.6) 73 (65.2)

Median time from stroke onset to hospital arrival (IQR) — min 308 (227–362) 293 (230–357)

Median time from stroke onset to initiation of intravenous therapy 
(IQR) — min

432 (374–488) 450 (374–500)

Median time from hospital arrival to initiation of intravenous therapy 
(IQR) — min

124 (81–179) 127 (87–171)

Imaging result

Large-vessel occlusion — no.(%)§ 78 (69.0) 81 (72.3)

Median volume of irreversibly injured ischemic-core tissue at 
initial imaging (IQR) — ml¶

4.6 (0–23.2) 2.4 (0–19.5)

Median perfusion-lesion volume at initial imaging (IQR) — ml∥ 74.3 (40.1–134.0) 78 (47.7–111.8)

*  Plus–minus values are means ±SD. IQR denotes interquartile range.
†  Scores on the National Institutes of Health Stroke Scale (NIHSS) range from 0 (normal) to 42 (death), with higher scores 

indicating greater deficit.
‡  Among patients who awoke with stroke symptoms, the onset of stroke was estimated as the midpoint of sleep (i.e., the 

time between going to sleep and waking up with symptoms); these patients underwent randomization if they were within 
9 hours of the estimated time of onset.

§  Large-vessel occlusion is defined as occlusion of the internal carotid artery, first division of the middle cerebral artery 
(M1), and proximal portion of the second division of the middle cerebral artery (M2).

¶  The volume of irreversibly injured ischemic-core tissue was calculated with the use of a threshold for relative cerebral 
blood flow of less than 30% of that in normal brain tissue or with the use of diffusion-weighted MRI.

∥  To define the critically hypoperfused tissue, perfusion-lesion volume was calculated as the volume of tissue in which 
there had been delayed arrival of an injected tracer agent exceeding 6 seconds.

Table 1. Characteristics of the Patients at Baseline.*
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Outcome
Alteplase 
(N = 113)

Placebo 
(N = 112)

Adjusted 
Effect Size 
(95% CI)† P Value

Unadjusted 
Effect Size 
(95% CI)† P Value

no./total no. (%)

Primary outcome

Score of 0 to 1 on the modified Rankin 
scale at 90 days‡

40/113 (35.4) 33/112 (29.5) 1.44 (1.01–2.06) 0.04 1.2 (0.82–1.76) 0.35

Secondary outcomes

Score on the modified Rankin scale at 
90 days

0 14/113 (12.4) 12/112 (10.7)

1 26/113 (23.0) 21/112 (18.8)

2 16/113 (14.2) 15/112 (13.4)

3 15/113 (13.3) 16/112 (14.3)

4 15/113 (13.3) 24/112 (21.4)

5 14/113 (12.4) 14/112 (12.5)

6 13/113 (11.5) 10/112 (8.9)

Functional improvement§ 1.55 (0.96–2.49) 1.18 (0.74–1.87)

Functional independence¶ 56/113 (49.6) 48/112 (42.9) 1.36 (1.06–1.76) 1.16 (0.87–1.54)

Percentage of reperfusion at 24 hr

≥90% 53/106 (50.0) 31/109 (28.4) 1.73 (1.22–2.46) 1.76 (1.23–2.51)

≥50% 76/106 (71.7) 57/109 (52.3) 1.35 (1.09–1.67) 1.37 (1.10–1.70)

Tertiary outcomes

Recanalization at 24 hr 72/107 (67.3) 43/109 (39.4%) 1.68 (1.29–2.19) 1.71 (1.30–2.23)

Major neurologic improvement∥

At 24 hr 27/113 (23.9) 11/112 (9.8) 2.76 (1.45–5.26) 2.43 (1.27–4.67)

At 72 hr 32/112 (28.6) 22/112 (19.6) 1.56 (0.97–2.52) 1.45 (0.90–2.34)

At 90 days 59/101 (58.4) 49/99 (49.5) 1.17 (0.91–1.52) 1.18 (0.91–1.53)

Safety outcomes

Death within 90 days after intervention 13/113 (11.5) 10/112 (8.9) 1.17 (0.57–2.40) 0.67 1.29 (0.59–2.82) 0.53

Symptomatic intracranial hemorrhage 
within 36 hr after intervention

7/113 (6.2) 1/112 (0.9) 7.22 (0.97–53.54) 0.053 6.94 (0.86–55.73) 0.07

*  Adjusted analyses of the scores on the modified Rankin scale, death, symptomatic intracerebral hemorrhage, and major neurologic improve-
ment included age and baseline NIHSS score as covariates. Adjusted analyses of reperfusion and recanalization included site of arterial oc-
clusion as a covariate.

†  Effect sizes were assessed as risk ratios, except for functional improvement. The 95% confidence intervals for the secondary and tertiary 
outcomes were not adjusted for multiple comparisons.

‡  Scores on the modified Rankin scale range from 0 to 6, with 0 indicating no neurologic deficit, 1 no clinically significant disability (return to 
all usual activities), 2 slight disability (able to handle own affairs without assistance but unable to carry out all previous activities), 3 moderate 
disability requiring some help (e.g., with shopping, cleaning, and finances but able to walk unassisted), 4 moderately severe disability (un-
able to attend to bodily needs without assistance and unable to walk unassisted), 5 severe disability (requiring constant nursing care and 
 attention), and 6 death.

§  Functional improvement was defined as an improvement of at least 1 point on the modified Rankin scale at 90 days and was assessed as  
a common odds ratio in an ordinal logistic-regression analysis (with data combined for scores of 5 and 6).

¶  Functional independence was defined as a score of 0 to 2 on the modified Rankin scale at 90 days.
∥  Major neurologic improvement was classified as a reduction in NIHSS score of at least 8 points or a score of 0 or 1 at 24 hours, 72 hours, 

or 90 days.

Table 2. Efficacy and Safety Outcomes.*

The New England Journal of Medicine 
Downloaded from nejm.org at UNIVERSITE DE SHERBROOKE on October 15, 2019. For personal use only. No other uses without permission. 

 Copyright © 2019 Massachusetts Medical Society. All rights reserved. 

n engl j med 380;19 nejm.org May 9, 20191800

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Outcome
Alteplase 
(N = 113)

Placebo 
(N = 112)

Adjusted 
Effect Size 
(95% CI)† P Value

Unadjusted 
Effect Size 
(95% CI)† P Value

no./total no. (%)
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7/113 (6.2) 1/112 (0.9) 7.22 (0.97–53.54) 0.053 6.94 (0.86–55.73) 0.07

*  Adjusted analyses of the scores on the modified Rankin scale, death, symptomatic intracerebral hemorrhage, and major neurologic improve-
ment included age and baseline NIHSS score as covariates. Adjusted analyses of reperfusion and recanalization included site of arterial oc-
clusion as a covariate.

†  Effect sizes were assessed as risk ratios, except for functional improvement. The 95% confidence intervals for the secondary and tertiary 
outcomes were not adjusted for multiple comparisons.

‡  Scores on the modified Rankin scale range from 0 to 6, with 0 indicating no neurologic deficit, 1 no clinically significant disability (return to 
all usual activities), 2 slight disability (able to handle own affairs without assistance but unable to carry out all previous activities), 3 moderate 
disability requiring some help (e.g., with shopping, cleaning, and finances but able to walk unassisted), 4 moderately severe disability (un-
able to attend to bodily needs without assistance and unable to walk unassisted), 5 severe disability (requiring constant nursing care and 
 attention), and 6 death.

§  Functional improvement was defined as an improvement of at least 1 point on the modified Rankin scale at 90 days and was assessed as  
a common odds ratio in an ordinal logistic-regression analysis (with data combined for scores of 5 and 6).

¶  Functional independence was defined as a score of 0 to 2 on the modified Rankin scale at 90 days.
∥  Major neurologic improvement was classified as a reduction in NIHSS score of at least 8 points or a score of 0 or 1 at 24 hours, 72 hours, 

or 90 days.
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The volume of critically hypoperfused tissue (the 
penumbra and core combined) was estimated using CT 
perfusion or perfusion MRI with a time to maximum 
threshold of more than 6 s.16 Time to maximum relates 
to the time delay in tissue enhancement after a bolus 
of intravenous contrast is given. Mismatch volume 
(ie, estimated penumbral volume) was defined as 
critically hypoperfused tissue volume minus ischaemic 
core volume. Mismatch ratio was defined as critically 
hypoperfused tissue volume divided by ischaemic core 
volume. Patients with a mismatch ratio greater than 1·2, 
a mismatch volume greater than 10 mL, and an 
ischaemic core volume less than 70 mL were considered 
to have perfusion mismatch. This study is registered 
with PROSPERO, number CRD42019128036.

Role of the funding source
There was no funding source for this study. The funders 
of the component EXTEND, ECASS4-EXTEND, and 
EPITHET studies had no role in study design, data 
collection, data analysis, data interpretation, or the 

writing of this report. The corresponding author had 
full access to all the data in the study and had final 
responsibility for the decision to submit for publication.

Results
Our search strategy identified three trials that met the 
eligibility criteria: EXTEND,12,13 ECASS4-EXTEND,17,18 and 
EPITHET.5 The three included trials compared intra-
venous alteplase with placebo (0·9 mg/kg, maximum 
90 mg delivered as a 10% bolus and 90% infusion over 
1 h). The phase 3 EXTEND randomised controlled trial12,13 
compared alteplase with placebo in patients 4·5–9·0 h 
from stroke onset and patients with wake-up stroke using 
automated CT perfusion or MRI perfusion-diffusion 
mismatch selection. EXTEND recruited patients from 
Australasia, Taiwan, and Finland. The trial was terminated 
early due to loss of equipoise after the results of the 
WAKE-UP trial,2 but showed that higher proportions of 
patients achieved excellent functional outcome with 
alteplase compared with placebo administered 4·5–9 h 
after onset or within 9 h of the midpoint of falling asleep 
and waking with stroke symptoms. The European 
ECASS4-EXTEND trial17,18 used the same clinical eligibility 
criteria as EXTEND but used visual assessment of MRI 
perfusion-diffusion imaging. ECASS4-EXTEND was 
terminated early due to reduced recruitment following 
the positive trials8,9 of thrombectomy in the 6–24 h 
treatment window. The trial demonstrated no significant 
benefit in the alteplase group compared with placebo. 
The phase 2 EPITHET trial4 randomly assigned patients 
to alteplase or placebo within 3–6 h of stroke onset after 
perfusion-diffusion MRI, which was processed offline to 
determine the presence of perfusion mismatch. Only 
patients treated 4·5–6·0 h after stroke onset in EPITHET 
were included in our meta-analysis. No significant 
differences in the primary outcome of geometric mean 
infarct growth were identified between treatment groups. 
However, alteplase increased reperfusion, which, in turn 
was associated with reduced infarct growth and improved 
clinical outcomes.19

Of the 414 patients included in the three trials (mean 
age 73 years [SD 12·2]), 213 (51%) patients were assigned 
to receive alteplase and 201 (49%) to receive placebo. 
Baseline characteristics were largely balanced between 
the two groups (table 1); however, initial stroke severity 
was non-significantly worse in the alteplase group than 
the placebo group (median NIHSS score 12 [IQR 7–17] vs 
10 [6–16]). Most patients were recruited from Australia 
or New Zealand, followed by Europe and Asia. Approxi-
mately half of all included patients had wake-up stroke 
(n=105 in the alteplase group; n=104 in the placebo 
group). The median time from when the patient was last 
known to be well to treatment in patients with wake-up 
stroke was 10 h 42 min (IQR 8 h 40 min–12 h 20 min). 
Overall, of the 403 patients with assessable angiographic 
imaging, 246 (61%) had large vessel occlusion that would 
potentially be amenable to endovascular thrombectomy. 

Figure 1: mRS scores at 3 months for all patients
mRS=modified Rankin Scale.
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Placebo 
(n=201)
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(n=213)

Odds ratio* 
(95% CI)

p value

Primary outcome

Excellent functional outcome 
(mRS score 0–1) at 3 months

58/199 (29%) 76/211 (36%) 1·86 (1·15–2·99) 0·01

Secondary outcomes

Functional improvement in mRS 
score at 3 months†

NA NA 1·60 (1·12–2·27) 0·009

Functional independence 
(mRS score 0–2) at 3 months

87/199 (44%) 103/211 (49%) 1·74 (1·08–2·81) 0·02

Early neurological improvement 
at 72 h‡

31/197 (16%) 58/206 (28%) 2·54 (1·51–4·27) <0·0001

Safety outcomes

Death at 3 months 18/201 (9%) 29/213 (14%) 1·55 (0·81–2·97) 0·19

Symptomatic intracerebral 
haemorrhage§

1/201 (<1%) 10/213 (5%) 9·70 (1·23–76·55) 0·03

Data are n/N (%). mRS=modified Rankin Scale. NIHSS=National Institutes of Health Stroke Scale. NA=not applicable. 
*Adjusted for baseline age and NIHSS. †Reduction of ≥1 point in mRS score (with mRS categories 5 and 6 merged), 
analysed using ordinal logistic regression. ‡Reduction of ≥8 points on NIHSS or reaching NIHSS score 0–1 at 72 h. 
§Within 36h of treatment. 

Table 2: Study outcomes in all patients
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(1·35–2·27) for alteplase administered 0–3 h from stroke 
onset and 1·26 (1·05–1·51) for alteplase administered 
3–4·5 h from stroke onset, as reported previously.1 The 
absolute increase in the proportion of patients who 
achieved excellent functional outcome in this pooled 
analysis was 7% higher in the alteplase group than 
the placebo group (10% in patients with perfusion mis-
match). However, these unadjusted proportions are likely 
to underestimate the true benefit since there was a trend 
towards older age and greater clinical severity in the 
patients given alteplase. By comparison, alteplase admin-
istered 0–3 h after stroke onset improved excellent 
functional outcome by 9·8%. This reduced to 5·2% when 
administered at 3–4·5 h.1 In the WAKE-UP trial,2 which 
administered alteplase based on MRI evidence of onset at 
less than 4·5 h, the unadjusted improvement in excellent 
outcome was 11·5% and the adjusted OR was 1·61 
(95% CI 1·09–2·36). The treatment effect with alteplase 
was numerically lower than that observed with 
endovascular thrombectomy (18% difference in mRS 
score 0–1).8,9 This difference might reflect the more 
effective reperfusion achieved with endovascular throm-
bectomy. The mismatch volume in this analysis was 
also approximately half that reported in previous 
thrombectomy trials,8,9 which might have reduced the 
potential benefit of reperfusion. For patients with wake-
up stroke, both EXTEND and ECASS4-EXTEND diverged 
from the standard definition of stroke onset (ie, time 
the patient was last known to be well). The treatment 
window for patients with wake-up stroke in EXTEND and 
ECASS4-EXTEND was 9 h after the midpoint of the time 
they fell asleep to the time they woke with symptoms. 
Using the standard definition of onset this led to patients 
being treated up to almost 16 h after the time the patient 
was last known to be well.

The risks of alteplase in the extended time window were 
similar to those for the standard 0–4·5 h treatment 
window. Symptomatic intracranial haemorrhage occurred 
in 4·7% of patients compared with 3·4% in a meta-analysis 
of 0–4·5 h alteplase trials20 using the same definition. Fatal 
intracerebral haemorrhage occurred in 2·3% of patients 
in this analysis compared with 2·6% in the 0–4·5 h data.1 
Automated perfusion mismatch selection did not seem 
to alter the risk of symptomatic intracerebral haemorrhage 
in the alteplase group compared with all patients. However, 
detailed analysis of the cause and timing of death indicated 
that 42 (90%) of 47 deaths were not related to alteplase 
(appendix). No significant difference in the proportion 
of patients with an mRS score of 5 or 6 (death and 
requirement for constant nursing care) was identified 
between treatment groups. The absence of mortality 
benefit with thrombolysis in this analysis is consistent 
with trials of alteplase 0–4·5 h after stroke onset.1

The three trials5,13,18 included in this meta-analysis 
demonstrated consistent treatment effects with mini-
mal heterogeneity. This pooled analysis substantially 
strengthens the results of the EXTEND trial, which 

demonstrated statistically significant improvement in 
excellent functional outcome (mRS score 0–1) and 
functional independence (mRS score 0–2) but did not 
reach significance for the ordinal functional improvement 
outcome. The magnitude of benefit using the ordinal 
outcome indicates that the benefit of increased excellent 
outcome is not offset by an increase in poor outcomes, 

Figure 3: mRS score at 3 months by perfusion mismatch subgroup
mRS score for patients with automated perfusion mismatch (A), and patients without automated perfusion 
mismatch (B). Among patients with mismatch, one patient in the placebo group was excluded because they did not 
have mRS assessment at 3 months. Among patients without mismatch, one patient in the placebo group and 
two patients in the alteplase group were excluded because they did not have mRS assessment at 3 months. Imaging 
data were not available for six patients in the alteplase group and three patients in the placebo group; thus perfusion 
mismatch status could not be determined. mRS=modified Rankin Scale.
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Odds ratio 
(95% CI)*

p value

Primary outcome

Excellent outcome (mRS score 0–1) 
at 3 months

39/151 (26%) 55/152 (36%) 2·06 (1·17–3·62) 0·012

Secondary outcomes

Functional improvement in mRS 
score at 3 months†

NA NA 1·68 (1·11–2·53) 0·014

Functional independence 
(mRS score 0–2) at 3 months

60/151 (40%) 77/152 (51%) 2·22 (1·25–3·94) 0·006

Early neurological improvement at 
72 h‡

26/152 (17%) 44/148 (30%) 2·26 (1·26–4·03) 0·006

Safety outcomes

Death at 3 months 16/152 (11%) 20/152 (13%) 1·28 (0·60–2·73) 0·52

Symptomatic intracerebral 
haemorrhage§

1/152 (1%) 7/152 (5%) 7·29 (0·88–60·18) 0·07

Data are n/N (%). mRS=modified Rankin Scale. NIHSS=National Institutes of Health Stroke Scale. NA=not applicable. 
One patient in the placebo group did not have available mRS data at 3 months and thus was excluded from the analysis 
of the primary outcome and selected secondary outcomes. *Adjusted for baseline age and NIHSS. †Reduction of 
≥1 point in mRS score (with mRS categories 5 and 6 merged), analysed using ordinal logistic regression. ‡Reduction of 
≥8 points on NIHSS or reaching NIHSS score 0–1 at 72 h. §Within 36 h of treatment.

Table 4: Study outcomes in patients with automated perfusion mismatch (n=304)
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However, 97% of patients (403 of 414) were recruited 
before guideline changes made in February, 2018, 
recommended thrombectomy in the 6–24 h window and 
consideration of thrombectomy was an exclusion 
criterion in the three trials included. The median 
perfusion mismatch was 47 mL (IQR 17–85) with a 
median volume of critical hypoperfusion of 64 mL 
(30–109) and relatively small core of median volume 
8 mL (0–22).

Of the 414 patients included in the three trials, 
211 patients in the alteplase group and 199 patients in the 
placebo group had mRS data available at 3 months and 
thus were included in the analysis of the primary 
outcome. 76 (36%) of 211 patients in the alteplase group 
achieved the primary outcome of excellent functional 
outcome (mRS score 0–1) at 3 months compared with 
58 (29%) of 199 patients in the placebo group (adjusted 
odds ratio [OR] 1·86, 95% CI 1·15–2·99, p=0·011; 
figure 1, table 2). The proportion of patients achieving 
functional improvement and functional independence at 
3 months, and the proportion of patients with early 
neurological improvement at 72 h was significantly 
higher in the alteplase group than the placebo group 

(table 2). Prespecified subgroup analyses for the primary 
outcome are shown in figure 2 and subgroup analyses 
for additional outcomes are shown in the appendix.

The number of patients with symptomatic intracerebral 
haemorrhage was significantly higher in the alteplase 
group than the placebo group (ten [5%] of 213 patients vs 
one [<1%] of 201 patients, adjusted OR 9·7, 95% CI 
1·23–76·55, p=0·031). This included one patient with 
haemorrhagic transformation on the pretreatment CT 
scan (a protocol violation). However, no significant dif-
ferences were identified in mortality between the alteplase 
and placebo groups (29 [14%] of 213 patients vs 18 [9%] of 
201 patients, adjusted OR 1·55, 95% CI 0·81–2·96, 
p=0·19; table 2). All deaths are described in the appendix. 
Four deaths occurred in the first week after alteplase 
treatment due to symptomatic intracerebral haemorrhage 
related to treatment. One death in the alteplase group due 
to remote intracerebral haemorrhage that occurred on 
day 4 was attributed to heparin and warfarin admin-
istration. An additional death in the alteplase group 
occurred on day 77 due to pneumonia in a patient who 
had symptomatic intracerebral haemorrhage on day 1. 
42 (90%) of 47 deaths were unrelated to treatment. No 
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Figure 2: Subgroup analyses
Forest plots for the primary outcome of excellent functional outcome (modified Rankin Scale 0–1) in all patients (A) and patients with automated perfusion mismatch (B). Proportion of patients by 
treatment group for each subgroup are detailed in the appendix. NIHSS=National Institutes of Health Stroke Scale score. *Prespecified analysis of primary outcome for EXTEND trial used modified 
Poisson regression (adjusted risk ratio [for modified Rankin Scale score 0–1] 1·44, 95%CI 1·01–2·06; p=0·04).

Downloaded for Anonymous User (n/a) at University of Sherbrooke from ClinicalKey.com by Elsevier on October 15, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.



� Thrombectomie:

� < 6h: Oui, Niveau A

� 6-24h: Oui, Niveau B, pour des patients 
« hautement sélectionnés comme dans les 
études ».

� Idem pour les recommandations 
américaines et européennes.

� Mise à jour nécessaire / à venir sous peu…

Datent de 2018…



Recommandations canadiennes 
actuelles en imagerie.
� < 6h:

� CT pour tous
� CTA si considération de thrombectomie.

� 6-24h: 
� CT, CTA et CTP si accessible et si 

considération de thrombectomie.

� Mise à jour nécessaire…



« Take home messages »
� Mon humble point 

de vue…



Imagerie:
Besoin de simplification du message

� Si AVC aigu suspecté avec atteinte 
fonctionnelle et niveau de base satisfaisant :

� Protocole et code AVC avec pré-notification

� Mise en tension des urgentologues, de la salle de 
choc, de la radiologie et des neurologues. 

� CT, CTA  (multiphases idéalement) et CTP (si 
disponible)

� Ceci, peu importe le délai (limite du raisonnable, ex: 
24h)…si tableau clinique « aigu ».



CTP: Résumé
� Avantages:

� Plus d’études en fenêtre étendue 
que CT/CTA seuls.

� Plus sensible que CT.

� Plus facile à lire pour un « œil non 
expert ».

� Peut aider à distinguer d’un(e) 
« stroke mimics ».

� Utile pour les cas avec ASPECT 
bas ou dommages ischémiques 
visibles.

� Inconvénients:

� Coûts

� Accessibilité

� Irradiation

� Artefacts

� Faible sensibilité si lacunaire ou 
VB.

� Privation de traitement pour 
certains patients? NNT plus bas 
mais on traite moins de patients 
au total?



Résumé: thrombolyse IV en fenêtre étendue si vous 
avez accès au CTP ou à l’IRM.

� On traite si:

� Le déficit clinique est significatif.
� Le niveau fonctionnel de base est acceptable.
� Présence de peu de dommages étendus au CT. 
� Présence de: 

○ Mismatch CTP  ou
○ Mismatch DWI-FLAIR (IRM)

� Si vous avez accès au CTP ou à l’IRM et qu’il y a un 
mismatch, l’occlusion n’est pas « obligatoire » pour le tx
thrombolytique IV.

� Si le CTA multiphases est disponible, considérer les 
collatérales dans la décision.



Résumé: thrombolyse IV en fenêtre étendue si vous 
n’avez pas de CTP ou d’IRM en aigu.

� On traite si:

� Le déficit clinique est significatif.
� Le niveau fonctionnel de base est acceptable.
� Présence de peu de dommages étendus au CT.

� Présence d’une occlusion artérielle symptomatique 
(requise selon moi si vous n’avez pas accès à 
l’évaluation du mismatch avec CTP ou IRM) . 
Cependant la thrombectomie est prioritaire et si vous 
accès rapidement au TEV, ceci est à prioriser.

� Si le CTA multiphases est disponible, considérer les 
collatérales dans la décision.



Résumé: thrombectomie en fenêtre étendue si vous 
avez accès au CTP ou à l’IRM.

� On traite si:

� Le déficit clinique est significatif.
� Le niveau fonctionnel de base est acceptable.
� Présence de peu de dommages étendus au CT.
� Présence d’une occlusion artérielle proximale

� Présence de: 
○ Mismatch CTP  ou
○ Mismatch DWI-FLAIR (IRM) ou
○ Bonnes collatérales au CTA multiphases à 

considérer dans l’équation (si disponible)



Résumé: thrombectomie en fenêtre étendue si vous 
n’avez pas de CTP ou d’IRM.

� On traite si:

� Le déficit clinique est significatif.
� Le niveau fonctionnel de base est acceptable.
� Présence de peu de dommages étendus au CT.

� Présence d’une occlusion artérielle 
symptomatique .

� Si le CTA multiphase est disponible, considérer 
les collatérales. 



Cas clinique 1: L’AVC au réveil

� F 78 ans
� DB II, HTA
� Vue N la veille à 22h
� Se réveille à 6h30 avec une 

hémiparésie gauche.
� NIHSS 18
� CT: ASPECT 9
� CTA: Occlusion M1



Questions
� Thrombolyse IV

� Oui?
� Non?

� TEV
� Oui?
� Non?

� Différence si CTP disponible
� Oui?
� Non?

� Si NIHSS 4 au 
lieu de 18?

� Si ASPECT  6? 
4?

� Impact des 
collatérales?



Conclusion
� L’imagerie et la clinique 

doivent être considérer 
avant un critère de 
temps strict.

� TNK

� Il faut négocier avec son 
hôpital pour le CTP.

� Occlusion basilaire

� Surveiller les études à 
venir



Questions?


