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Background
In patients with acute ischemic stroke caused by a proximal intracranial arterial 
occlusion, intraarterial treatment is highly effective for emergency revasculariza-
tion. However, proof of a beneficial effect on functional outcome is lacking.
Methods
We randomly assigned eligible patients to either intraarterial treatment plus usual 
care or usual care alone. Eligible patients had a proximal arterial occlusion in the 
anterior cerebral circulation that was confirmed on vessel imaging and that could 
be treated intraarterially within 6 hours after symptom onset. The primary out-
come was the modified Rankin scale score at 90 days; this categorical scale mea-
sures functional outcome, with scores ranging from 0 (no symptoms) to 6 (death). 
The treatment effect was estimated with ordinal logistic regression as a common 
odds ratio, adjusted for prespecified prognostic factors. The adjusted common odds 
ratio measured the likelihood that intraarterial treatment would lead to lower mod-
ified Rankin scores, as compared with usual care alone (shift analysis).
Results
We enrolled 500 patients at 16 medical centers in the Netherlands (233 assigned to in-
traarterial treatment and 267 to usual care alone). The mean age was 65 years (range, 
23 to 96), and 445 patients (89.0%) were treated with intravenous alteplase before ran-
domization. Retrievable stents were used in 190 of the 233 patients (81.5%) assigned to 
intraarterial treatment. The adjusted common odds ratio was 1.67 (95% confidence 
interval [CI], 1.21 to 2.30). There was an absolute difference of 13.5 percentage points 
(95% CI, 5.9 to 21.2) in the rate of functional independence (modified Rankin score, 
0 to 2) in favor of the intervention (32.6% vs. 19.1%). There were no significant differ-
ences in mortality or the occurrence of symptomatic intracerebral hemorrhage.
Conclusions
In patients with acute ischemic stroke caused by a proximal intracranial occlusion 
of the anterior circulation, intraarterial treatment administered within 6 hours af-
ter stroke onset was effective and safe. (Funded by the Dutch Heart Foundation and 
others; MR CLEAN Netherlands Trial Registry number, NTR1804, and Current 
Controlled Trials number, ISRCTN10888758.)
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Background

We ai
med to ass

ess 
the sa

fety 
and effi

cacy
 of th

rombecto
my fo

r th
e tre

atm
ent of 

stro
ke in

 a tr
ial e

mbedded within a p
opulatio

n-based
 stro

ke r
eperfu

sion reg
istry

.

Methods

During a 2
-yea

r perio
d at f

our ce
nters

 in Catalo
nia, S

pain, we ra
ndomly as

signed 

206 patien
ts w

ho could be tre
ated

 within 8 h
ours a

fter 
the onset o

f sym
ptoms of 

acute is
chemic st

roke t
o rec

eive
 eith

er m
edical 

therap
y (in

cluding intrav
enous al-

teplase
 when elig

ible) a
nd endovasc

ular t
herap

y with the So
litai

re s
tent ret

rieve
r 

(thrombecto
my group) 

or m
edical 

therap
y alo

ne (co
ntrol group).

 All patien
ts h

ad 

confirm
ed proxi

mal a
nterio

r cir
culatio

n occlu
sion and the ab

sence o
f a l

arge in
-

farc
t on neuroimaging. In

 all 
study patien

ts, t
he use o

f alt
eplase

 eith
er d

id not 

achieve
 rev

ascu
lariz

atio
n or was c

ontrain
dicate

d. The primary 
outcome w

as t
he 

seve
rity 

of global d
isab

ility
 at 9

0 days,
 as m

easu
red on the m

odified
 Rankin sca

le 

(ran
ging fro

m 0 [
no sym

ptoms] to
 6 [

death
]). A

lthough the m
axim

um planned 

sam
ple si

ze w
as 6

90, en
rollment was h

alted
 ear

ly becau
se o

f loss o
f eq

uipoise a
fter 

positiv
e res

ults f
or th

rombecto
my were r

eported
 from other si

milar 
trial

s.

Results

Thrombecto
my re

duced the se
verit

y of disab
ility

 over 
the ra

nge of th
e m

odified
 

Rankin sca
le (a

djusted
 odds rat

io for im
provem

ent of 1 p
oint, 1.

7; 95
% confidence 

interv
al [C

I], 1
.05 t

o 2.8)
 and led to higher ra

tes o
f functio

nal in
dependence (a

 sco
re 

of 0 t
o 2) a

t 90 days 
(43.7

% vs. 
28.2

%; adjusted
 odds rat

io, 2
.1; 9

5% CI, 1.
1 to

 4.0)
. 

At 90 days,
 the rat

es o
f sym

ptomatic 
intrac

ranial h
emorrhage were 1

.9% in both the 

thrombecto
my group and the co

ntrol group (P = 1.00), a
nd rat

es o
f death

 were 

18.4
% and 15.

5%, res
pectiv

ely (
P = 0.60

). Registry
 data 

indicate
d that o

nly ei
ght pa-

tien
ts w

ho m
et th

e eli
gibili

ty c
riter

ia w
ere 

trea
ted out

side th
e tri

al at
 partic

ipatin
g 

hospitals
.

Conclusions

Among patien
ts w

ith anterio
r cir

culatio
n stro

ke w
ho co

uld be tre
ated

 within 8 h
ours 

afte
r sy

mptom onset, 
sten

t ret
rieve

r th
rombecto

my re
duced the se

verit
y of post-

stro
ke d

isab
ility

 and increa
sed the ra

te o
f fu

nctio
nal in

dependence. 
(Funded by 

Fundació
 Ictu

s M
alalt

ia V
ascu

lar t
hrough an unrest

ricte
d grant fro

m Covidien and 

others; 
REVASCAT ClinicalT

rials
.gov number, N

CT0169
2379

.)
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BackgroundTrials of endovascular therapy for ischemic stroke have produced variable results. 

We conducted this study to test whether more advanced imaging selection, recently 

developed devices, and earlier intervention improve outcomes.

MethodsWe randomly assigned patients with ischemic stroke who were receiving 0.9 mg of 

alteplase per kilogram of body weight less than 4.5 hours after the onset of ische-

mic stroke either to undergo endovascular thrombectomy with the Solitaire FR 

(Flow Restoration) stent retriever or to continue receiving alteplase alone. All the 

patients had occlusion of the internal carotid or middle cerebral artery and evidence 

of salvageable brain tissue and ischemic core of less than 70 ml on computed tomo-

graphic (CT) perfusion imaging. The coprimary outcomes were reperfusion at 24 hours 

and early neurologic improvement (≥8-point reduction on the National Institutes of 

Health Stroke Scale or a score of 0 or 1 at day 3). Secondary outcomes included the 

functional score on the modified Rankin scale at 90 days.

ResultsThe trial was stopped early because of efficacy after 70 patients had undergone 

randomization (35 patients in each group). The percentage of ischemic territory 

that had undergone reperfusion at 24 hours was greater in the endovascular-therapy 

group than in the alteplase-only group (median, 100% vs. 37%; P<0.001). Endovas-

cular therapy, initiated at a median of 210 minutes after the onset of stroke, increased 

early neurologic improvement at 3 days (80% vs. 37%, P = 0.002) and improved the 

functional outcome at 90 days, with more patients achieving functional indepen-

dence (score of 0 to 2 on the modified Rankin scale, 71% vs. 40%; P = 0.01). There were 

no significant differences in rates of death or symptomatic intracerebral hemorrhage.

ConclusionsIn patients with ischemic stroke with a proximal cerebral arterial occlusion and 

salvageable tissue on CT perfusion imaging, early thrombectomy with the Solitaire FR 

stent retriever, as compared with alteplase alone, improved reperfusion, early neuro-

logic recovery, and functional outcome. (Funded by the Australian National Health 

and Medical Research Council and others; EXTEND-IA ClinicalTrials.gov num-

ber, NCT01492725, and Australian New Zealand Clinical Trials Registry number, 

ACTRN12611000969965.)
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Background

Among patients with a proxim
al ves

sel occlusion in the anterior circ
ulation, 60 t

o 80% 

of patients die within 90 days af
ter st

roke onset or do not regain functional indepen-

dence despite alt
eplase t

reatm
ent. We eval

uated rapid endovascu
lar tre

atment in addi-

tion to standard care 
in patients with acute isc

hemic stro
ke with a sm

all in
farct 

core, a 

proxim
al intracra

nial ar
terial

 occlusion, and moderate-
to-good collatera

l circu
lation.

Methods

We randomly ass
igned particip

ants to recei
ve sta

ndard care 
(control group) or stan

dard 

care p
lus endovascu

lar tre
atment with the use of avai

lable thrombectomy devices
 (inter-

vention group). Patients with a proxim
al intracra

nial occlusion in the anterior circ
ula-

tion were in
cluded up to 12 hours aft

er sym
ptom onset. P

atients with a lar
ge infarct 

core or poor collatera
l circu

lation on computed tomography (CT) and CT angiography 

were e
xcluded. Workflow times were m

easured against predeterm
ined targ

ets. T
he 

primary outcome was the score on the modified Rankin scale
 (range, 0 [n

o symptoms] 

to 6 [death])
 at 90 days. A

 proportional odds model was used to calcu
late th

e common 

odds rati
o as a

 measure of the like
lihood that the interven

tion would lead to lower 

scores on the modified Rankin scale
 than would control care

 (shift an
alysis

).

Results

The tria
l was sto

pped early
 because of effic

acy. A
t 22 cen

ters w
orldwide, 316

 partici-

pants were en
rolled, of whom 238 

receiv
ed intraven

ous alte
plase (

120 in
 the interven

-

tion group and 118 
in the control group). In

 the interven
tion group, the median time 

from study CT of the head to first 
reperfusion was 84

 minutes. T
he rate

 of functional 

independence (90-day modified Rankin score of 0 to 2) was increas
ed with the interven

-

tion (53.0
%, vs. 2

9.3% in the control group; P<0.001). T
he primary outcome favo

red the 

interven
tion (common odds ratio

, 2.6; 
95% confidence interval

, 1.7 t
o 3.8; P

<0.001), a
nd 

the interven
tion was ass

ociated
 with reduced mortality

 (10.4
%, vs. 1

9.0% in the control 

group; P = 0.04). Sy
mptomatic i

ntracer
ebral hemorrhage occurred in 3.6%

 of partici-

pants in interven
tion group and 2.7%

 of partici
pants in control group (P = 0.75).

Conclusions

Among patients with acute isc
hemic stro

ke with a proximal ves
sel occlusion, a sm

all 

infarct 
core, an

d moderate-
to-good collater

al cir
culation, rapid endovascu

lar tr
eat-

ment improved functional outcomes an
d reduced mortalit

y. (Fu
nded by Covidien and 

others; E
SCAPE ClinicalTrials.

gov number, N
CT01778335

.)
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A BS TR AC TBACKGROUND
Among patients with acute ischemic stroke due to occlusions in the proximal ante-

rior intracranial circulation, less than 40% regain functional independence when 

treated with intravenous tissue plasminogen activator (t-PA) alone. Thrombectomy 

with the use of a stent retriever, in addition to intravenous t-PA, increases reperfu-

sion rates and may improve long-term functional outcome.METHODS
We randomly assigned eligible patients with stroke who were receiving or had re-

ceived intravenous t-PA to continue with t-PA alone (control group) or to undergo 

endovascular thrombectomy with the use of a stent retriever within 6 hours after 

symptom onset (intervention group). Patients had confirmed occlusions in the proxi-

mal anterior intracranial circulation and an absence of large ischemic-core lesions. 

The primary outcome was the severity of global disability at 90 days, as assessed by 

means of the modified Rankin scale (with scores ranging from 0 [no symptoms] to 

6 [death]).

RESULTS
The study was stopped early because of efficacy. At 39 centers, 196 patients under-

went randomization (98 patients in each group). In the intervention group, the 

median time from qualifying imaging to groin puncture was 57 minutes, and the 

rate of substantial reperfusion at the end of the procedure was 88%. Thrombectomy 

with the stent retriever plus intravenous t-PA reduced disability at 90 days over the 

entire range of scores on the modified Rankin scale (P<0.001). The rate of func-

tional independence (modified Rankin scale score, 0 to 2) was higher in the inter-

vention group than in the control group (60% vs. 35%, P<0.001). There were no 

significant between-group differences in 90-day mortality (9% vs. 12%, P = 0.50) or 

symptomatic intracranial hemorrhage (0% vs. 3%, P = 0.12).CONCLUSIONS
In patients receiving intravenous t-PA for acute ischemic stroke due to occlusions in 

the proximal anterior intracranial circulation, thrombectomy with a stent retriever 

within 6 hours after onset improved functional outcomes at 90 days. (Funded by 

Covidien; SWIFT PRIME ClinicalTrials.gov number, NCT01657461.)

The New England Journal of Medicine 

Downloaded from nejm.org by OLIIVER NAGGARA on April 23, 2015. For personal use only. No other uses without permission. 

 Copyright © 2015 Massachusetts Medical Society. All rights reserved. 

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

n engl j med nejm.org 1

original article

Thrombectomy within 8 Hours after 
Symptom Onset in Ischemic Stroke

T.G. Jovin, A. Chamorro, E. Cobo, M.A. de Miquel, C.A. Molina, A. Rovira,  
L. San Román, J. Serena, S. Abilleira, M. Ribó, M. Millán, X. Urra, P. Cardona,  

E. López-Cancio, A. Tomasello, C. Castaño, J. Blasco, L. Aja, L. Dorado,  
H. Quesada, M. Rubiera, M. Hernández-Pérez, M. Goyal, A.M. Demchuk,  

R. von Kummer, M. Gallofré, and A. Dávalos, for the REVASCAT Trial Investigators*

The authors’ full names, academic de-
grees, and affiliations are listed in the 
Appendix. Address reprint requests to 
Dr. Dávalos at the Department of 
Neurosciences, Hospital Germans Trias I 
Pujol, Universitat Autònoma de Barcelona, 
Avda Canyet, Badalona 08916, Barcelona, 
Spain, or at adavalos.germanstrias@
gencat.cat.

Drs. Jovin and Dávalos contributed 
equally to this article.

*A complete list of sites and investiga-
tors in the Randomized Trial of Revas-
cularization with Solitaire FR Device 
versus Best Medical Therapy in the 
Treatment of Acute Stroke Due to Ante-
rior Circulation Large Vessel Occlusion 
Presenting within Eight Hours of Symp-
tom Onset (REVASCAT) is provided in 
the Supplementary Appendix, available 
at NEJM.org.

This article was published on April 17, 
2015, at NEJM.org.

DOI: 10.1056/NEJMoa1503780
Copyright © 2015 Massachusetts Medical Society.

A bs tr ac t

Background
We aimed to assess the safety and efficacy of thrombectomy for the treatment of 
stroke in a trial embedded within a population-based stroke reperfusion registry.

Methods
During a 2-year period at four centers in Catalonia, Spain, we randomly assigned 
206 patients who could be treated within 8 hours after the onset of symptoms of 
acute ischemic stroke to receive either medical therapy (including intravenous al-
teplase when eligible) and endovascular therapy with the Solitaire stent retriever 
(thrombectomy group) or medical therapy alone (control group). All patients had 
confirmed proximal anterior circulation occlusion and the absence of a large in-
farct on neuroimaging. In all study patients, the use of alteplase either did not 
achieve revascularization or was contraindicated. The primary outcome was the 
severity of global disability at 90 days, as measured on the modified Rankin scale 
(ranging from 0 [no symptoms] to 6 [death]). Although the maximum planned 
sample size was 690, enrollment was halted early because of loss of equipoise after 
positive results for thrombectomy were reported from other similar trials.

Results
Thrombectomy reduced the severity of disability over the range of the modified 
Rankin scale (adjusted odds ratio for improvement of 1 point, 1.7; 95% confidence 
interval [CI], 1.05 to 2.8) and led to higher rates of functional independence (a score 
of 0 to 2) at 90 days (43.7% vs. 28.2%; adjusted odds ratio, 2.1; 95% CI, 1.1 to 4.0). 
At 90 days, the rates of symptomatic intracranial hemorrhage were 1.9% in both the 
thrombectomy group and the control group (P = 1.00), and rates of death were 
18.4% and 15.5%, respectively (P = 0.60). Registry data indicated that only eight pa-
tients who met the eligibility criteria were treated outside the trial at participating 
hospitals.

Conclusions
Among patients with anterior circulation stroke who could be treated within 8 hours 
after symptom onset, stent retriever thrombectomy reduced the severity of post-
stroke disability and increased the rate of functional independence. (Funded by 
Fundació Ictus Malaltia Vascular through an unrestricted grant from Covidien and 
others; REVASCAT ClinicalTrials.gov number, NCT01692379.)

The New England Journal of Medicine 
Downloaded from nejm.org by OLIIVER NAGGARA on April 23, 2015. For personal use only. No other uses without permission. 

 Copyright © 2015 Massachusetts Medical Society. All rights reserved. 



Traitement IV + IA  
Anesthesie locale   

TICI 3 à 2H30 
mRs 0 à 3 mois   



L’IRM a t’elle été indispensable pour  
cette  thrombectomie ?  



L’IRM a t’elle été indispensable pour  
cette  thrombectomie ?  



NON !  
 
 

Ni pour poser l’indication  
Ni pour aider à sa réalisation  



THRACE  

412 (26 centres) 
202_200 NIH 17.4/18 

18-80 

IRM 75% 
ASPECT 0-4 35IV et 22IA +++ 

C1, M1, TB 

IV+IA vs. IV  

100%/100%  

Fibri 150-160’ 2H30 
groin 245-256’ 4H10 
tici 303’ 

TICI 2B3 = 68% (95/138) 

IV+IA 53% 
IV 42.1% 
OR aj = 1.55 (1.05-?) 
 



mRS ≤2: Bénéfice absolu 17%; NNT=5,9 (4,5-8,3) 
Chirurgie des sténoses carotides symptomatiques >70%, NNT=6 



Stroke Oct 2015  

Recommandations en imagerie  



 
  
•  La TM est recommandée à la phase aiguë dans le 

traitement de l’AVC jusqu’à 6 heures après le début 
des symptômes chez les patients qui présentent une 
occlusion proximale des artères cérébrales (carotide, 
cérébrale moyenne, tronc basilaire). (Grade A, Niveau 
1a)  

•  La TM est réalisée en complément de la TIV 
lorsqu’elle est indiquée (4h30) ou d’emblée en  

    cas de contre-indications à la TIV.  
    (Grade A, Niveau 1a) 

Recommandations thérapeutiques 



 
Recommandations thérapeutiques 
  
•  La décision de réaliser une TM ne doit pas retarder la 

réalisation de la TIV. De même, la réalisation de la 
TIV ne doit pas retarder la TM (Grade A, Niveau 1a). 

•  La TM doit être réalisée le plus rapidement possible 
dès que son indication a été posée. (Grade A, Niveau 
1a) 

•  La TM doit être réalisée avec des stents retrievers 
approuvés par les autorités de santé. (Grade A, 
Niveau 1a) 

  
  

Recommandations thérapeutiques 



  
•  L’occlusion vasculaire doit être diagnostiquée par une 

méthode non invasive en première intention avant 
d’envisager la phase thérapeutique par 
thrombectomie mécanique. (Grade A, Niveau 1a) 

 
•  L’âge élevé (> 80 ans) n’est pas à lui seul une contre-

indication à la thrombectomie mécanique. (Grade A, 
Niveau 1a) 

  

Recommandations  
sélection des patients   



Ça tombe bien 
L’IRM n’est pas réalisable dans le 

cadre de l’AVC hyper aigu 
 

 
Pas assez rapide  
Appareil non disponible, surchargé  
Nombreuses contre-indications  
Patients agités (négligents +++)  



2279

Background—The Endovascular Treatment for Small Core and Proximal Occlusion Ischemic Stroke (ESCAPE) trial used 
innovative imaging and aggressive target time metrics to demonstrate the benefit of endovascular treatment in patients 
with acute ischemic stroke. We analyze the impact of time on clinical outcome and the effect of patient, hospital, and 
health system characteristics on workflow within the trial.

Methods and Results—Relationship between outcome (modified Rankin Scale) and interval times was modeled by 
using logistic regression. Association between time intervals (stroke onset to arrival in endovascular-capable hospital, 
to qualifying computed tomography, to groin puncture, and to reperfusion) and patient, hospital, and health system 
characteristics were modeled by using negative binomial regression. Every 30-minute increase in computed tomography-
to-reperfusion time reduced the probability of achieving a functionally independent outcome (90-day modified Rankin 
Scale 0–2) by 8.3% (P=0.006). Symptom onset-to-imaging time was not associated with outcome (P>0.05). Onset-to-
endovascular hospital arrival time was 42% (34 minutes) longer among patients receiving intravenous alteplase at the 
referring hospital (drip and ship) versus direct transfer (mothership). Computed tomography-to-groin puncture time was 
15% (8 minutes) shorter among patients presenting during work hours versus off hours, 41% (24 minutes) shorter in 
drip-ship patients versus mothership, and 43% (22 minutes) longer when general anesthesia was administered. The use 
of a balloon guide catheter during endovascular procedures shortened puncture-to-reperfusion time by 21% (8 minutes).

Conclusions—Imaging-to-reperfusion time is a significant predictor of outcome in the ESCAPE trial. Inefficiencies in 
triaging, off-hour presentation, intravenous alteplase administration, use of general anesthesia, and endovascular 
techniques offer major opportunities for improvement in workflow.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT01778335.  (Circulation. 
2016;133:2279-2286. DOI: 10.1161/CIRCULATIONAHA.115.019983.)

Key Words: cerebrovascular disorders ◼ emergency treatment ◼ endovascular procedures ◼ stroke  
◼ thrombolytic therapy

© 2016 American Heart Association, Inc.
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Pourtant … 
Etat des lieux aux US 

•  624.000 patients 
•  IRM ì  

–  1999 : 28% IRM 
–  2008 : 66% IRM  
–  Variations géographiques  

•  Scanner stable 
•  Pas de substitution 

Burke et al. Ann Neurol, 2012 
Wide variation and rising utilization of stroke magnetic resonance imaging: data from 11 states 
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Burke et al. Page 15

Table 3

Hospital availability of MRI

Year % of Hospitals with MRI access % of Stroke Patients at Hospital with MRI access

1999 74% 89%

2000 77% 91%

2001 80% 93%

2002 83% 94%

2003 82% 94%

2004 83% 94%

2005 86% 95%

2006 83% 94%

2007 84% 94%

2008 87% 96%

Ann Neurol. Author manuscript; available in PMC 2013 February 1.



NCCT 

CTA 

MRI 

Endovascular Therapy 

For	pa'ents	with	
NIHSS	≥6:		
Anterior	
Circula.on	
LSW	<6hrs	

Cerebral	hemorrhage?	

Large	vessel	occlusion	(LVO)?	

CTA 
Axial MIPs 

Symmetric	Collaterals?	

DWI	<100cc?	

Medical/Surgical 
Management 

No	

No	

No	

No	

Yes	

Yes	

Yes	

Yes	

Proven	Benefit	Uncertain		to	Benefit	

Pas	de	subs'tu'on		



DWI 

TOF MRA 

Endovascular Therapy 

Large	vessel	occlusion	(LVO)?	

GRE 

Significant	hemorrhage?	

Medical/Surgical 
Management 

Yes	

Yes	

No	

No	

Yes	

No	

DWI	volume	<70cc	(anterior)?	
Sparing	of	thalami,	pons	or	midbrain	(posterior)?	

NCCT 

CTA 

Large	Vessel	Occlusion	(LVO)?	

No	

Cerebral	hemorrhage?	

No	
Yes	

Yes	

Mais…	



Le respect des délais “recommandés” 
peut permettre la réalisation d’une IRM    

0 min 15 25 45 60 min 10 

http://www.ninds.nih.gov/news_and_events/proceedings/stroke_proceedings/recs-
acute.htm  / AHA 2013  

20 Min 



Le respect des délais “recommandés” 
peut permettre la réalisation d’une IRM    

0 min 15 25 45 60 min 10 

20 Min 

http://www.ninds.nih.gov/news_and_events/proceedings/stroke_proceedings/recs-
acute.htm  / AHA 2013  



Sag T1 EG 
T2 * 
Diffusion   
ARMintracrânienne 

FLAIR (T2) 
± Perfusion (Gd)

   

  

20 sec 
1 min 
40 sec 
2 min 
<2 min 
50 sec 

< 8 min 

Repérage 

M 
Mais  
1.  Recherche de CI 
2.  Calibration et Pré-

scanning par séquence 
 

En pratique : 90% patients depuis 2003  



Tisserand et al. 
Stroke. 2016;47:1005- 1011 

IRM et AVC : faisabilité ?  

Entrée	dans	l’IRM		
à Début	IVT		
30	minutes		



IRM et AVC : faisabilité ?  
•  Protocole  encore plus rapide (8 min à 6 min) 

–  Acquisition EPI 

 



IRM et AVC : faisabilité ?  

Nael et al. Stroke. 2014 3.0T (Siemens Skyra)  



Nael et al. Stroke. 2014 

T2* 

FLAIR PWI 

DWI 

IRM et AVC : faisabilité ?  

Patiente de 90 ans 
NIHSS = 8 
Onset to MRI= 70’

 



IRM et AVC : faisabilité ?  

ARM 

Acquisition EPI 

FLAIR EPI-FLAIR 

15 sec 

Patient agité < 5 min  

T2*< 10 sec 



T2* classique FLAIR 

Diffusion FLAIR b0 T2* 

ECHO PLANAR 

Attention : DWI et FLAIR se ressemblent  !!!! 



IRM et AVC : faisabilité ?  
•  Protocole rapide à Ne pas retarder le traitement 

•  « door to needle time » 
–  IRM vs TDM = 87 / 68 minutes (médiane)[1] 
–  Outcome équivalent  
–  25% DTNT <60’  

 

[1] Kang DW et al. Stroke 2005 



DTNT < 60 min et IRM : 
faisabilité ?  

Shah et al. Neurology 2015 SMART study  



IRM en 1ère intention: pourquoi 
tant d’efforts ?    



Kidwell et al. JAMA. 2004  Fiebach et al. Stroke 2004 
Silvera et al. AJNR 2005  Oppenheim et al. Cerebrovasc Dis. 2005; 
Brazelli et al. BMJ, 2009 . Copenhaver Neurology 2009 

< 1 min 

Éliminer  
une hémorragie 



Confirmer  
l’ischemie 

1. Brazelli et al. BMJ 2009 
2. Schellinger et al. Neurology 2010 



Stroke mimics  

Diffusion T2* FLAIR ADC 

Ischemie 

Cas 1 

Cas 2 

Chernyshev, et al. Neurology 2010 

•  512 patients traités sur scanner   
•  14% stroke mimics !  

Migraine   



Étiologie  

Intra plaque 
hemorrhagie 

Braemswig et al.  
Stroke 2013 



IRM en 1ère intention: pourquoi 
tant d’efforts ?    

–  80-85% patients [1-5], Sainte Anne 90% 
–  Diminue la mortalité et augmente les patients mRs ≤1 [6, 7] 
-  Meilleure sélection  
–  Rapport coût-efficacité positif [7] 
 

[1] Kang 2005; [2] Albers 2000; [3] Hill 2005 [4] Hand  2005; [5] Singer 2005; [6] Korhmann 2006;  
[7] Earnshaw 2009  

Lancet Neurol 2006; 5: 661–67  



Pourquoi tant d’efforts ?   
 
 
  

10% de patients AVC ont un 
traitement de recanalisation 
  
L’IRM en 1ère intention peut 
permettre d’augmenter ce % 



  
•  16-28% des AVC d’horaire 

inconnus  
•  Des patients bénéficient de la 

recanalisation  
•  Mismatch FLAIR-Diffusion   
•  RCT en cours [9, 10] 

1. Fink, Stroke 2002 2. Serena, CVD 2003   3. Todo CVD 2006 ; 4. Barreto Stroke 2009; 5. Mackey et al.  6. Neurology 2011. Huisa et al. J Stroke 
Cereb Vasc Dis 2013; 7. Kim Stroke 2014; 8. Petkova et al. Radiology 2010. 8.Thomalla et al.  Int J Stroke 2013. 9. MR witness. – 10. Wake up Stroke    
 
  
 

L’IRM permet de 
 dater   



70 min 90 min 150 min 

1. Petkova et al. Radiology 2011.   2. Thomalla et al. Lancet Neurol 2011.  

Délai post occlusion 
 > 4h30 

10 h 12 h 

L’IRM est indispensable  



–  Définir simplement le volume de l’infarctus  
–  Définir la pénombre ischémique - la collatéralité  
–  Visualiser le thrombus 
 

Gonzalez RG et al. J NeuroIntervent Surg 2013  

IRM en 1ère intention, c’est 



Volume de l’infarctus  

•  Information directe en DWI  
•  Indirecte en CT Perfusion 

–  Sous estimée en CBV 
–  Meilleur en  CBF 

•  Faible rapport S/B et C/B sur les cartes de 
CT Perfusion* 

•  DWI volume > 70 mL correspond à un 
volume en CT-CBF de 10.7 … à 124.1 mL 

* ”Depends on collateral circulation, contrast 
amount, cardiac output, quality and intensity of the 
x-ray beam, CTP reconstruction algorithm” Schaefer P et al. Stroke 2015 

DWI CT perfusion 
CBF map 



Volume de l’infarctus cérébral 
avant traitement : intérêt ?   

•  Prédictif de la réponse au 
traitement 
–  “Target” mismatch (< 70 mL) 
– Complications précoces   

•  Transformation hémorragique >100 mL 
•  Oedème “malin” : > 145 mL 

– Pronostic à 3 mois 

1. Parsons et al. J Cereb Blood Flow Metab. 2010; 2. Mlynash et al. Stroke 2011; 3. Davis et al. 
Lancet Neurol 2008; 4. Lansberg et al. Lancet Neurol 2012; 5. Oppenheim et al. Stroke 2000 

2. Olivot et al. Stroke 2009. Takasawa et al. Stroke 2008;  
3. Christensen et al. Stroke 2010; Lansberg et al.  Lancet Neurol 2012 

Avant traitement 

T. hémorragique Oedème malin 



L 

CI 

M1 

I 
C 

M2 

M3 

M4 

M5 

M6 

DWI-ASPECTS=4  

Exclusion criteria*  
DWI > 1/3 ACM 
VolumeDWI ABC/2 > 100 mL  
ASPECTS < 7, < 6 en IRM (ou CT) 

93 mL 

* https://clinicaltrials.gov/ 

Sims et al. Neurology. 2009 

Volume de l’infarctus cérébral   



Peut on évaluer simplement en routine clinique le 
Volume de l’infarctus cérébral ?    



ASPECTS 
4-6 
 

47 

Core size 

1. De Margerie et al. Stroke. 2013 
2. Schröder et al. Stroke 2014 

n=3301  
* 

* 

* 

* 

* 

* * 
* * 

* 

Vol=120 mL 

Vol=50 mL 

DWI-ASPECTS < 4 = vol>100 mL 
DWI-ASPECTS ≥ 7 = vol<70 mLx 



Élargir la fenêtre thérapeutique > 6H 



Olivot et al. Stroke 2009. Takasawa et al. Stroke 2008;  
Christensen et al. Stroke 2010; Lansberg et al.  Lancet Neurol 2012 

 

PWI Tmax > 6s 

	
	
VolPWI	(	Tmax	>	6s	)	

VolDWI	

VolDWI	<	70	mL	

PWI	(Tmax	>	10s)<	100	mL	

TARGET	MISMATCH	(DEFUSE	2)	
	

and 

and 

≥	1.8	

Exclusion of  
Large core 

Parsons et al. J Cereb Blood Flow Metab. 2010. Mlynash et 
al. Stroke 2011.  Davis et al. Lancet Neurol 2008. 
Oppenheim et al. Stroke 2000 

>70  mL 

>145 mL 

DWI 



–  Définir simplement le volume de l’infarctus  
–  Définir la pénombre ischémique - la collatéralité  
–  Bilan vasculaire   
 

Gonzalez RG et al. J NeuroIntervent Surg 2013  

IRM en 1ère intention, c’est 



48	hrs		

Infarct	core	

penombra	

Recanaliza'on	?	

•  Penombre jusqu’a 24-hrs1-3 
•  Penombre sauvée à meilleur 

outcome 4-7 

1. Marchal et al. 1996. Darby et al 1999; 2. Heiss et al 1992; 3. Markus et al; 2004 
4. Lansberg et al. 2012;  5. Ma et al 2014; 6. Davis 2008; 7. Friedrich et al 2014 … 

Penumbra 

Core

•   > 6h ? 
•  Sans heure de début (réveil) ?   



* Zaro-Weber et al., Olivot et al. 2009; Takasawa et al. 2008.  

DSC* Tmax + 6s 

Suivi  
(non recanalisation) 

< 20 mL/100g/min 

Objectif :  
élargir la fenêtre de 
thrombolyse > 6h   

H 75 ans, 
Déficit moteur 
gauche 
survenu il y a 
5h30 



Marqueurs de pénombre ischémique 
Les « mismatch »    

Tmax 

PWI Clinical 

<25cc 

NIHSS> 8 

Davalos.  
Neurology 2004 

MRA 

<15 cc 

Occlusion  
proximale 

Lansberg  
Stroke 2008 

Rosso 
Radiology 2009-12 

ADC 

Legrand et al.  
AJNR 2014 

FVH ASL 

Bivard et al 
Stroke 2014 



* Zaro-Weber et al., Olivot et al. 2009; Takasawa et al. 2008.  

Tmax DSC* VSC 

Tmax + 2s + 4s + 6s Suivi 

< 20 mL/100g/min 

Objectif : Elargir la fenêtre thérapeutique 

H 75 ans, 
Déficit survenu 
il y a 5h30 



Olivot et al. Stroke 2009. Takasawa et al. Stroke 2008;  
Christensen et al. Stroke 2010; Lansberg et al. Defuse 2  Lancet Neurol 2012 

 

PWI Tmax > 6s 

	
	
VolPWI	(	Tmax	>	6s	)	

VolDWI	

VolDWI	<	70	mL	

PWI	(Tmax	>	10s)<	100	mL	

TARGET	MISMATCH	(DEFUSE	2)	
	

and 

and 

≥	1.8	

DWI 



NIHSS=17 NIHSS=17 

H + 3.5 



Dans la vraie vie ?  

RAPID	

MR RESCUE : Software 
failure: 42% patients   

OLEA	sphere	

Kidwell et al. NEJM. 2013  
Kidwell et al. Stroke 2013 

 
 
 
 
Churilov et al.  
Int J Stroke 2013 

GE	Healthcare	“prototype”	

+ manual interface 
in case of failure !  

A few examples …  
PWI/DWI=1 



AVANT TRAITEMENT 24 hrs après recanalisation  





FLAIR	vascular	hyperintensi'es	
la	perfusion	du	pauvre	?		

Sanossian,	AJNR,	2009 	Azizyan,	AJNR,	2011	



Mismatch FVH-DWI 

→ Association avec le mismatch PWI-DWI (Sen=92%) 

   Legrand, AJNR, 2015 

Aphasie	brutale	chez	un	pa'ent	de	67	ans	(NIHSS=5)	



Mismatch FVH-DWI + Mismatch FVH-DWI - 

Association 

•  recanalisation (ARM à 24h) 

•  évolution clinique favorable (mRS à 3 mois ≤2) 



IRM	ini'ale	(86	min)	

mRS	à	3	mois	=	0	



Mismatch	FVH-DWI	-	

•  Association entre recanalisation et évolution clinique 
favorable à 3 mois significative chez les patients 
avec mismatch FVH-DWI (OR de 16.2)  

•  Non significative chez les patients sans mismatch 
FVH-DWI 

FLAIR	vascular	hyperintensi'es	
la	perfusion	du	pauvre	?		



Résultats	

Mismatch	PWI-DWI	+	

ORrecanalisa'on=9.9		

(95%CI,	3.1-31.3;	P<0.0001)	

Mismatch	PWI-DWI	-	

ORrecanalisa'on=7.0	

(95%CI,	1.1-44.1;	P=0.047)	

P=0.76	(interac'on)	

Evolu2on	clinique	favorable	à	3	mois	



Discussion	

•  Iden'fier	pa'ents	avec	occlusion	M1	suscep'bles	de	
bénéficier	de	la	recanalisa'on	après	thrombolyse	IV	

•  Avantages	nombreux/mismatch	PWI-DWI	

-	Pas	de	gadolinium	

-	Pas	de	post-traitement	

-	Gain	de	temps	

Mismatch	FVH-DWI	
	



Mismatch:	que	retenir	?		



Mismatch:	que	retenir	?		

•  Tmax	de	plus	en	plus	u'lisé	
•  Logiciel	de	post	qt	automa'que	

– Hypoperfusion	(Tmax	>6	sec)	
– Vol	Diffusion	
–  Essais	randomisés	en	cours	

+ 6s 

ECASS	4	
• Essai	randomisé	de	phase	III	
• rt-PA	versus	placebo	
• 4.5-9h	ou	AVC	du	réveil	
• Inclusion	:	MISMATCH	



1) a ratio between the volumes of critically 
hypoperfused tissue and the ischemic core ≥1·8, 
with an absolute difference ≥ 15 mL; 2) 
ischemic core volume <70 mL and; 3) volume 
of tissue with a severe delay in bolus arrival 
(Tmax>10 sec) <100 mL.  



Stroke Oct 2015  



Stroke Oct 2015  



•  Pas d’imagerie avancée  
REVASCAT – MR CLEAN – THRACE – 
THERAPY 

– Absolute benefit: 13% NTT=7.7 (5.6-12.5) 
•  Imagerie avancée  

– EXTEND IA - SWIFT PRIME – ESCAPE 
– Absolute benefit: 25%, NTT=4 (3-5.9) 

Sélection des patients  

Metanalysis on agreggated data. Unpublished 



L’IRM est elle indispensable pour une 
thrombectomie  

•  Non   
Pas pour l’indication  
Pas pour aider à sa réalisation  
à Raisonnement similaire à celui pour la 
recanalisation IV  
•  Oui  
AVC sans heure de début  
Sélection individualisée des patients 



Perfusion FLAIR Diffusion MTT 

Déficit constaté  
au réveil.  
IRM 5 h plus tard 



Traitement par rtPA Intra Artériel   

IRM initiale Contrôle précoce 





sang et diffusion 

M 



Ischémie	cérébrale	en	IRM	
Angio-RM	

ARM-GADOLINIUM	

OR	
?	>	

ARM-TOF	

VISUALISATION	DU	SITE	DE	L’OCCLUSION	
ÉVALUATION	DE	LA	CIRCULATION	COLLATERALE	

ÉVALUATION	DE	L’ATTEINTE	OU	DE	LA	COMPLEXITÉ	ANATOMIQUE	DES	TSA	07/07/16 Omer EKER - JFR 2014 - Paris - 
17102014 78 



Angio-RM	
Troncs	supra-aor'ques	

•  FACTEUR IMPORTANT conditionnant la durée de la 
procédure endovasculaire 

•  Varia'ons		
§  >50%	origines	séparées	des	TSA	
§  25%	origine	commune	TABC	et	ACCG	
§  16%	ACCG	naissant	du	TABC	
§  <3%	AV	ou	ASCD	naissant	de	l’Aorte	
§  RARE	:	right	sided	AA		
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Angio-RM	
Troncs	supra-aor'ques	
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Ra'onnel	recanalisa'on	mécanique	
Limites	de	la	Fibrinolyse	IV	

In 15 patients (10.9%), no hyperdense middle cerebral
artery sign was detected. Subsequently, a vascular oblitera-
tion was found on the follow-up assessments after intrave-
nous thrombolysis in none of these patients. In 62 patients,
the occluded artery could be recanalized by IVT, whereas 76
patients showed vessel occlusion after IVT in the follow-up
studies.

According to the logistic regression (Figure 1), short clots
(length !5 mm) are highly likely to be dissolved completely,
but recanalization can be expected in !1% of cases if the
thrombotic clot extends further than 8 mm. The predictive

power of thrombus length measurement for successful recan-
alization after IVT proved to be highly significant (P!0.001).

The median value of the modified Rankin scale score at
hospital discharge was 2 in patients with recanalization and 5
for those without recanalization (Figure 2). Modified Rankin
scale score differed significantly between patients with and
without recanalization (P!0.001).

Discussion
Our study shows that IVT has nearly no potential to recana-
lize occluded vessels with a thrombus length exceeding
8 mm. This is in line with other studies demonstrating the
strong dependency of clinical outcome on recanalization
rate.8,9 Loss of the hyperdense middle cerebral artery sign
during follow-up was found to be an indicator of favorable
outcome after IVT.10 Two recent studies related the success
of recanalization by IVT and patient outcome to scores that
were derived from CTA studies.1,8 These results compare to
ours with respect to outcome. However, our measurement of
thrombus length is easier to apply and unambiguous.

Our results can help to identify patients in whom IVT will
most likely fail in open occluded arteries. In these patients,
immediate intra-arterial therapy might be the treatment of
choice.

The results of our study must be interpreted with caution
because the data were analyzed retrospectively, although
blind for the clinical and thrombus length outcome. Second,
the sample size is limited for a stroke study. However, the
threshold for the thrombus length indicating a favorable
outcome was found to be so well-defined that a major
quantitative deviation of future studies with larger sample
sizes is unlikely.

We conclude that the present results justify a prospective
study that should address the question of whether IVT should
be replaced by intra-arterial thrombolysis when the thrombus
length measured with our protocol exceeds 8 mm.

Table. Demographic Characteristics

Characteristics
All Patients
(N"138)

Recanalized
(N"62;
44.9%)

Not Recanalized
(N"76;
55.1%) P

Female, n/total
n (%)

63/138 (45.7) 28/62 (45.2) 35/76 (46.1) 0.61

Age, years 67.9#12.8 66.8#14.2 68.5#11.1 0.03

NIHSS score
(admission)

11.2#4.2 9.3#3.3 12.6#4.3 !0.001

Duration of
hospital stay
(days)

11.0#5.3 10.8#5.5 4.2#0.8 0.39

Modified Rankin
scale score
(discharge)

3.4#1.9 1.9#1.0 4.4#1.3 !0.001

Recanalization
control (N),
TCD/MRA/CTA

127/9/2 58/3/1 69/6/1

Time to
recanalization
control (hours)

20.7#6.0 20.9#5.8 20.5#6.3 0.42

CTA indicates computed tomography angiography; MRA, magnetic reso-
nance angiography; NIHSS, National Institutes of Health Stroke Scale; TCD,
transcranial Doppler.

Figure 1. Logistic regression curve represent-
ing an estimate of the probability for successful
recanalization of occluded vessels by intrave-
nous thrombolysis (IVT) depending on throm-
bus length.

1776 Stroke June 2011
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•  Importance	de	la	taille	du	thrombus	pour	la	
recanalisa.on	

•  Stroke.	2011;	PMID:	21474810	

N=138 
62 recanalisations 

Le fibrinolyse IV est quasiment inefficace pour des 
thrombus ≥ 8mm 

07/07/16 Omer EKER - JFR 2014 - Paris - 
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•  Longueur	du	thrombus	aspi	vs	stent		
•  Penombre	–	collatéralité		
•  Reveil		
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•  NON ! Certainement pas indispensable  
 
Time is brain ?  
 
La thrombolyse intraveineuse (IV) dans les 4.5 h est le 
seul traitement :    
-  ayant fait la preuve de son efficacité  
-  autorisé dans l’infarctus cérébral 

•  Le bénéfice clinique de la thrombolyse IV est basé 
sur la désobstruction artérielle 

•  Au delà de 4.5h, essais cliniques (pénombre..) 

L’IRM est elle indispensable 
pour la thrombectomie ?    



Objectif : recanalisation  

Alexandrov. J Int Med 2010;267:209-19. 
Saqqur et al. Stroke 2007;38:948-54. 

M2: 45% 

M1: 30% T <10% 

Tandem  
<30% 

AB 30% 



Pluridisciplinarité !   
  
•  La thrombectomie mécanique est un traitement en 

« bout de chaine »  

•  Filière fluide  
à Urgences – SAMU – Pompiers  
à Neuroradiologie diagnostic  
à Neurologie vasculaire – UNV  
à Neuro- anesthésiste –réanimateur  
 



RCT futurs  

? 


