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• AVC ischémique sans occlusion artérielle
• Traitement médicamenteux:

– Thrombolyse par Alteplase intraveineuse
– Dans les 4 h30 du début des symptômes
– En l’absence de contre-indications
– A administrer le plus tôt possible

Actilyse meilleure

Placebo meilleur
Lees et al. Lancet 2010;375:1695-703.



NINDS NEJM 1995

+15%
d’évolution
favorable



Administration rapide 

Implantable dans de nombreux centres

Trop rarement administrée :  moins de 10 %



Del Zoppo et al Ann Neurol 1992;32:78-86



• AVC ischémique avec occlusion artérielle
• Thrombolyse+ thrombectomie:

– Occlusion carotide et/ou cérébrale moyenne
– Thrombolyse par Alteplase intraveineuse
– Thrombectomie dans les 6h00 du début des symptômes





• Thrombectomie en association avec rtPA IV dans les 4.5 h 
• Occlusion de la circulation antérieure dans les 6 h
• rtPA IV ne doit pas retarder la thrombectomie
• Thrombectomie à réaliser dès que possible
• Stent retriever premier choix

 

 
 

PLACE DE LA THROMBECTOMIE MÉCANIQUE DANS LA 

PRISE EN CHARGE A LA  PHASE  AIGUË  DE  L’INFARCTUS  

CÉRÉBRAL PAR OCCLUSION DES ARTÈRES DE LA 

CIRCULATION ANTERIEURE 

 
 

La  TM  fait  partie  de  la  prise  en  charge  de  la  phase  aigüe  de  l’IC  depuis  
plusieurs années mais la démonstration de son efficacité par rapport 
à la  thrombolyse  intraveineuse  (IV)  n’avait  pas  été  apportée.  Au  cours  
de ces derniers mois, les résultats obtenus dans cinq études ont 
montré le bénéfice de la TM en plus de la prise médicale usuelle 
(incluant la thrombolyse IV dans les 4h30). Dans ces cinq études, le 
nombre de patient inclus était faible (500 patients pour MR CLEAN1, 
70 pour EXTEND-IA2, 316 pour ESCAPE3, 196 dans SWIFT-PRIME4 et 
206 pour REVASCAT5).  En  effet,  seule  l’étude  MR  CLEAN  a  été  réalisée  
jusqu’à  son  terme.  Les  comités  de  surveillance  des  autres  études  ont  
décidé   la   réalisation   d’analyses   intermédiaires,   qui   toutes   positives  
ont abouti à un arrêt prématuré de celles-ci (sauf REVASCAT arrêtée 
pour  perte  d’équipoise).   
 
Dans la majorité des cas, la TM a été réalisée après administration de 
la  thrombolyse  IV  (73  à  100%  des  patients  ont  reçu  l’alteplase  IV) 1-5. 
Il est à noter que les temps médians pour initier la thrombolyse IV ont 
été particulièrement courts, avec dans le bras TM : 125 min pour 
ESCAPE, 127 min pour EXTEND-IA, 87 min pour MR CLEAN, 117 min 
pour REVASCAT, 110 min pour SWIFT-PRIME. Dans les groupes 
contrôles, ils ont été de 110 min dans ESCAPE, 145 min dans EXTEND-
IA, 85 min pour MR CLEAN, 105 min pour REVASCAT, 117 min pour 
SWIFT-PRIME.    
 
Contrairement aux autres études, dans SWIFT-PRIME et REVASCAT, 
une  limite  d’âge  à  80  ans  était  imposée.  Les  patients  inclus  avaient  un  
déficit neurologique important avec un score NIHSS médian de 17. 
Mais   selon   les   études,   les   critères   d’inclusion   concernant   le   score  
NIHSS variaient :  il  devait  être  supérieur  à  2  dans  l’étude  MR  CLEAN ; 
il  n’y  avait  pas  de   limites  dans   les  études  EXTEND-IA ; supérieur à 5 
dans ESCAPE ; il devait être supérieur ou   égal   à   6   dans   l’étude  
REVASCAT ;  et  entre  8  et  29  dans  l’étude  SWIFT-PRIME.  
 
 
 
 
 
 

Même si les fenêtres thérapeutiques variaient de 6 à 12 heures plus de 
80%  des  patients  traités  par  TM  l’ont  été  dans  les  6  heures  suivant  le  
début des symptômes. Les dispositifs utilisés pour la TM étaient des 
stentrievers dans 81 à 100% des cas1-5.  Dans toutes les études, les 
patients inclus avaient une occlusion proximale incluant la terminaison 
carotidienne,   l’artère   cérébrale   moyenne   et   pour   certaines   l’artère  
cérébrale  antérieure   (MR  CLEAN).   Les  critères  d’inclusion  d’imagerie  
étaient également très variables: absence  d’évaluation  de  la  pénombre  
dans  MR  CLEAN,  estimation  de   la  pénombre  et  du  cœur   ischémique  
dans EXTEND-IA et SWIFT-PRIME, IC de petite taille évalué sur le score 
ASPECTS >5 et circulation collatérale modérée à bonne dans ESCAPE; 
score faible >6 dans REVASCAT. 
 
Dans le groupe des patients traités par TM, la récupération clinique 
(évaluée  par  l’échelle  modifiée  de  Rankin : 0-2 à 3 mois) a été observée 
dans 33% des cas pour MR CLEAN, 71 % pour EXTEND-IA, 53 % pour 
ESCAPE, 60% pour SWIFT-PRIME et 44% pour REVASCAT. Par 
comparaison, elle a été dans le bras contrôle de 19% pour MR CLEAN, 
40% pour EXTEND-IA, 29% pour ESCAPE, 35% pour SWIFT-PRIME et 
28% pour REVASCAT. En pratique, il fallait traiter 8 patients dans MR 
CLEAN, 3 dans EXTEND-IA, 4 dans ESCAPE, 4 pour SWIFT-PRIME et 6,5 
dans REVASCAT pour obtenir un bénéfice de la TM. Dans une seule 
étude, ESCAPE, une réduction relative de la mortalité de près de 50% 
était observée avec la TM (10, 4% vs 19%, p=0.04). Cet effet positif très 
net, a été également observé pour les patients de plus de 80 ans. Ce 
bénéfice a été obtenu pour des temps médians de reperfusion 
relativement courts, de 248 min pour EXTEND IA, 241 min pour 
ESCAPE, et 355 min pour REVASCAT. Il n’est donc pas établi que la 
validité de ces résultats soit maintenue pour des temps de reperfusion 
plus  tardifs.  En  ce  qui  concerne  l’anesthésie  générale,  les  pratiques  ont  
été variables. Par exemple, dans EXTEND-IA,   l’anesthésie   générale  a  
été utilisée chez seulement un tiers des patients. Les analyses post-hoc 
des patients traités par TM dans MR CLEAN ont montré une évolution 
à  3  mois  plus  défavorable  en  cas  d’anesthésie  générale. 
 
 
 
 

 
Travail effectué sous la direction de M. Mazighi, C. Cognard 

Document  élaboré  par  le  groupe  de  travail  de  la  SFNV  sur  la  thrombectomie  mécanique  (TM)  dans  la  prise  en  charge  de  l’infarctus 
cérébral (IC) en phase aigüe à la suite de la publication des études randomisées suivantes :   

MR CLEAN1, EXTEND-IA2, ESCAPE3, SWIFT-PRIME4, REVASCAT5. 
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• 1287 patients (634 thrombectomie, 653 controles)
• Réduction handicap OR 2.49 (95% CI 1.76–3.53; p<0.0001)

• NNT: 2.6
• Reperfusion  (TICI 2b / 3): 71%

• Temps médian de reperfusion : 3 h 16 min

Goyal et al Lancet 2016
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achieve functional independence (mRS 0–2) as a result of 
treatment. The rates of symptomatic intracranial 
haemorrhage and radiological intracerebral haematoma 
(parenchymal haematoma type 2) are no higher with 
endovascular thrombectomy than with best medical 
therapy alone and mortality risk did not signifi cantly 
diff er between groups (table 4).

Our analysis distinguishes itself from study-level meta-
analyses13–17 by using individual patient data. By 
permitting adjustment for prognostic variables at the 
level of individual participants, patient-level pooled 
analyses provide a more powerful and reliable method of 
addressing questions that have not been satisfactorily 
resolved by individual trials.18 Another strength of this 
analysis is that it includes only trials that incorporated 
key elements of current clinical practice, including 
universal requirement for proven large artery occlusion; 
timely treatment; and use of second-generation, more 
eff ective, devices (mainly stent retrievers). Most of the 
included trials also emphasised workfl ow to reduce time 
to reperfusion, compared with previous trials,19,20 and 
several excluded patients with large regions of irreversibly 
injured brain at initial imaging.

Most (fi ve of every six) patients enrolled across all fi ve 
trials were eligible for and received intravenous alteplase. 
The benefi t of endovascular thrombectomy in alteplase-
treated patients shown in every individual trial analysed 
is reinforced by our pooled analysis comprising 
1090 alteplase-treated patients. By contrast, previous 
trials individually did not have adequate power to reliably 
assess the benefi t of endovascular therapy in alteplase-
ineligible patients. Our pooled analysis of 188 alteplase-
ineligible patients showed substantial benefi t in this 
subgroup (fi gure 2). This fi nding does not mean that 
alteplase should be withheld before thrombectomy in 
alteplase-eligible patients. Rather, endovascular reper-
fusion should be pursued for large anterior vessel 
occlusions, irrespective of eligibility for alteplase.

Our study provides evidence of consistent benefi t for 
endovascular treatment on disability across all age 
groups, including in octogenarians. Our results suggest 
that there is no reason to withhold thrombectomy solely 
on the basis of age. Although age does not modify the 
treatment eff ect, it remains a strong independent 
predictor of fi nal outcome (fi gure 3A, appendix p 4).

Our analysis confi rms benefi t from endovascular 
thrombectomy for patients with occlusions of the 
intracranial arterial circulation segment, with or without 
concomitant (tandem) occlusions of the extracranial 
internal carotid artery, indicating that patients with 
tandem occlusions should not be excluded from 
treatment (fi gure 2, appendix p 11). However, the 
heterogeneity of treatment methods given with respect to 
the proximal extracranial carotid occlusion in this group 
of patients (no revascularisation of the proximal lesion vs 
angioplasty vs stenting) does not allow for any conclusions 
about the optimum treatment approach for patients with 
tandem occlusions. This strategy remains to be refi ned 
through future studies.

The question of benefi t with more distally located 
occlusions in the M2 middle cerebral artery segment is 
only partially addressed by our analysis. Three of the fi ve 
trials restricted enrolment to patients with more proximal 
occlusions and the remaining two enrolled only a few 
patients with distal occlusions. Although we noted no 
statistical heterogeneity in treatment eff ect, our analysis 
does not have power to fully confi rm benefi t or harm in 
this patient subgroup. Furthermore, most of the patients 
with M2 occlusions included in this analysis were 
misclassifi ed as having M1 occlusion at the time of 
enrolment, having subsequently been adjudicated by the 
core lab as M2 occlusion. These adjusted patients are 
probably a disproportionate sample of proximal and large 
M2 occlusions. These off -target enrolments highlight the 
challenge associated with poor standardisation in 
distinguishing between M1 and M2 segment stroke. 
Patients with basilar artery occlusion were not included 
in these studies. A randomised trial is now assessing the 
eff ect of endovascular thrombectomy in this patient 
group (NCT01717755).21
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Figure 2: Forest plot showing adjusted treatment eff ect for mRS at 90 days in prespecifi ed subgroups with 
p values for heterogeneity across subgroups
cOR=common odds ratio. mRS=modifi ed Rankin Scale. ASPECTS=Alberta Stroke Program Early CT score. 
ICA=internal carotid artery. M1=M1 segment of middle cerebral artery. M2=M2 segment of middle cerebral artery. 
NIHSS=National Institutes of Health Stroke Scale.
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(parenchymal haematoma type 2) are no higher with 
endovascular thrombectomy than with best medical 
therapy alone and mortality risk did not signifi cantly 
diff er between groups (table 4).
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on the basis of age. Although age does not modify the 
treatment eff ect, it remains a strong independent 
predictor of fi nal outcome (fi gure 3A, appendix p 4).

Our analysis confi rms benefi t from endovascular 
thrombectomy for patients with occlusions of the 
intracranial arterial circulation segment, with or without 
concomitant (tandem) occlusions of the extracranial 
internal carotid artery, indicating that patients with 
tandem occlusions should not be excluded from 
treatment (fi gure 2, appendix p 11). However, the 
heterogeneity of treatment methods given with respect to 
the proximal extracranial carotid occlusion in this group 
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about the optimum treatment approach for patients with 
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through future studies.
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does not have power to fully confi rm benefi t or harm in 
this patient subgroup. Furthermore, most of the patients 
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through future studies.
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occlusions and the remaining two enrolled only a few 
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does not have power to fully confi rm benefi t or harm in 
this patient subgroup. Furthermore, most of the patients 
with M2 occlusions included in this analysis were 
misclassifi ed as having M1 occlusion at the time of 
enrolment, having subsequently been adjudicated by the 
core lab as M2 occlusion. These adjusted patients are 
probably a disproportionate sample of proximal and large 
M2 occlusions. These off -target enrolments highlight the 
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distinguishing between M1 and M2 segment stroke. 
Patients with basilar artery occlusion were not included 
in these studies. A randomised trial is now assessing the 
eff ect of endovascular thrombectomy in this patient 
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Figure 2: Forest plot showing adjusted treatment eff ect for mRS at 90 days in prespecifi ed subgroups with 
p values for heterogeneity across subgroups
cOR=common odds ratio. mRS=modifi ed Rankin Scale. ASPECTS=Alberta Stroke Program Early CT score. 
ICA=internal carotid artery. M1=M1 segment of middle cerebral artery. M2=M2 segment of middle cerebral artery. 
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achieve functional independence (mRS 0–2) as a result of 
treatment. The rates of symptomatic intracranial 
haemorrhage and radiological intracerebral haematoma 
(parenchymal haematoma type 2) are no higher with 
endovascular thrombectomy than with best medical 
therapy alone and mortality risk did not signifi cantly 
diff er between groups (table 4).

Our analysis distinguishes itself from study-level meta-
analyses13–17 by using individual patient data. By 
permitting adjustment for prognostic variables at the 
level of individual participants, patient-level pooled 
analyses provide a more powerful and reliable method of 
addressing questions that have not been satisfactorily 
resolved by individual trials.18 Another strength of this 
analysis is that it includes only trials that incorporated 
key elements of current clinical practice, including 
universal requirement for proven large artery occlusion; 
timely treatment; and use of second-generation, more 
eff ective, devices (mainly stent retrievers). Most of the 
included trials also emphasised workfl ow to reduce time 
to reperfusion, compared with previous trials,19,20 and 
several excluded patients with large regions of irreversibly 
injured brain at initial imaging.

Most (fi ve of every six) patients enrolled across all fi ve 
trials were eligible for and received intravenous alteplase. 
The benefi t of endovascular thrombectomy in alteplase-
treated patients shown in every individual trial analysed 
is reinforced by our pooled analysis comprising 
1090 alteplase-treated patients. By contrast, previous 
trials individually did not have adequate power to reliably 
assess the benefi t of endovascular therapy in alteplase-
ineligible patients. Our pooled analysis of 188 alteplase-
ineligible patients showed substantial benefi t in this 
subgroup (fi gure 2). This fi nding does not mean that 
alteplase should be withheld before thrombectomy in 
alteplase-eligible patients. Rather, endovascular reper-
fusion should be pursued for large anterior vessel 
occlusions, irrespective of eligibility for alteplase.

Our study provides evidence of consistent benefi t for 
endovascular treatment on disability across all age 
groups, including in octogenarians. Our results suggest 
that there is no reason to withhold thrombectomy solely 
on the basis of age. Although age does not modify the 
treatment eff ect, it remains a strong independent 
predictor of fi nal outcome (fi gure 3A, appendix p 4).

Our analysis confi rms benefi t from endovascular 
thrombectomy for patients with occlusions of the 
intracranial arterial circulation segment, with or without 
concomitant (tandem) occlusions of the extracranial 
internal carotid artery, indicating that patients with 
tandem occlusions should not be excluded from 
treatment (fi gure 2, appendix p 11). However, the 
heterogeneity of treatment methods given with respect to 
the proximal extracranial carotid occlusion in this group 
of patients (no revascularisation of the proximal lesion vs 
angioplasty vs stenting) does not allow for any conclusions 
about the optimum treatment approach for patients with 
tandem occlusions. This strategy remains to be refi ned 
through future studies.

The question of benefi t with more distally located 
occlusions in the M2 middle cerebral artery segment is 
only partially addressed by our analysis. Three of the fi ve 
trials restricted enrolment to patients with more proximal 
occlusions and the remaining two enrolled only a few 
patients with distal occlusions. Although we noted no 
statistical heterogeneity in treatment eff ect, our analysis 
does not have power to fully confi rm benefi t or harm in 
this patient subgroup. Furthermore, most of the patients 
with M2 occlusions included in this analysis were 
misclassifi ed as having M1 occlusion at the time of 
enrolment, having subsequently been adjudicated by the 
core lab as M2 occlusion. These adjusted patients are 
probably a disproportionate sample of proximal and large 
M2 occlusions. These off -target enrolments highlight the 
challenge associated with poor standardisation in 
distinguishing between M1 and M2 segment stroke. 
Patients with basilar artery occlusion were not included 
in these studies. A randomised trial is now assessing the 
eff ect of endovascular thrombectomy in this patient 
group (NCT01717755).21
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BACKGROUND
The effect of endovascular thrombectomy that is performed more than 6 hours after 
the onset of ischemic stroke is uncertain. Patients with a clinical deficit that is dispro-
portionately severe relative to the infarct volume may benefit from late thrombectomy.
METHODS
We enrolled patients with occlusion of the intracranial internal carotid artery or 
proximal middle cerebral artery who had last been known to be well 6 to 24 hours 
earlier and who had a mismatch between the severity of the clinical deficit and the 
infarct volume, with mismatch criteria defined according to age (<80 years or ≥80 
years). Patients were randomly assigned to thrombectomy plus standard care (the 
thrombectomy group) or to standard care alone (the control group). The coprimary 
end points were the mean score for disability on the utility-weighted modified Rankin 
scale (which ranges from 0 [death] to 10 [no symptoms or disability]) and the rate of 
functional independence (a score of 0, 1, or 2 on the modified Rankin scale, which 
ranges from 0 to 6, with higher scores indicating more severe disability) at 90 days.
RESULTS
A total of 206 patients were enrolled; 107 were assigned to the thrombectomy group 
and 99 to the control group. At 31 months, enrollment in the trial was stopped because 
of the results of a prespecified interim analysis. The mean score on the utility-weight-
ed modified Rankin scale at 90 days was 5.5 in the thrombectomy group as compared 
with 3.4 in the control group (adjusted difference [Bayesian analysis], 2.0 points; 95% 
credible interval, 1.1 to 3.0; posterior probability of superiority, >0.999), and the rate 
of functional independence at 90 days was 49% in the thrombectomy group as com-
pared with 13% in the control group (adjusted difference, 33 percentage points; 95% 
credible interval, 24 to 44; posterior probability of superiority, >0.999). The rate of 
symptomatic intracranial hemorrhage did not differ significantly between the two 
groups (6% in the thrombectomy group and 3% in the control group, P = 0.50), nor did 
90-day mortality (19% and 18%, respectively; P = 1.00).
CONCLUSIONS
Among patients with acute stroke who had last been known to be well 6 to 24 hours 
earlier and who had a mismatch between clinical deficit and infarct, outcomes for 
disability at 90 days were better with thrombectomy plus standard care than with 
standard care alone. (Funded by Stryker Neurovascular; DAWN ClinicalTrials.gov 
number, NCT02142283.)
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groups (6% in the thrombectomy group and 3% in the control group, P = 0.50), nor did 
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Eff ect of treatment delay, age, and stroke severity on the 
eff ects of intravenous thrombolysis with alteplase for acute 
ischaemic stroke: a meta-analysis of individual patient data 
from randomised trials
Jonathan Emberson*, Kennedy R Lees*, Patrick Lyden*, Lisa Blackwell, Gregory Albers, Erich Bluhmki, Thomas Brott, Geoff  Cohen, Stephen Davis, 
Geoff rey Donnan, James Grotta, George Howard, Markku Kaste, Masatoshi Koga, Ruediger von Kummer, Maarten Lansberg, Richard I Lindley, 
Gordon Murray, Jean Marc Olivot, Mark Parsons, Barbara Tilley, Danilo Toni, Kazunori Toyoda, Nils Wahlgren, Joanna Wardlaw, William Whiteley, 
Gregory J del Zoppo, Colin Baigent†, Peter Sandercock†, Werner Hacke†; for the Stroke Thrombolysis Trialists’ Collaborative Group

Summary
Background Alteplase is eff ective for treatment of acute ischaemic stroke but debate continues about its use after 
longer times since stroke onset, in older patients, and among patients who have had the least or most severe strokes. 
We assessed the role of these factors in aff ecting good stroke outcome in patients given alteplase.

Methods We did a pre-specifi ed meta-analysis of individual patient data from 6756 patients in nine randomised trials 
comparing alteplase with placebo or open control. We included all completed randomised phase 3 trials of intravenous 
alteplase for treatment of acute ischaemic stroke for which data were available. Retrospective checks confi rmed that no 
eligible trials had been omitted. We defi ned a good stroke outcome as no signifi cant disability at 3–6 months, defi ned by 
a modifi ed Rankin Score of 0 or 1. Additional outcomes included symptomatic intracranial haemorrhage (defi ned by 
type 2 parenchymal haemorrhage within 7 days and, separately, by the SITS-MOST defi nition of parenchymal type 2 
haemorrhage within 36 h), fatal intracranial haemorrhage within 7 days, and 90-day mortality.

Findings Alteplase increased the odds of a good stroke outcome, with earlier treatment associated with bigger 
proportional benefi t. Treatment within 3·0 h resulted in a good outcome for 259 (32·9%) of 787 patients who received 
alteplase versus 176 (23·1%) of 762 who received control (OR 1·75, 95% CI 1·35–2·27); delay of greater than 
3·0 h, up to 4·5 h, resulted in good outcome for 485 (35·3%) of 1375 versus 432 (30·1%) of 1437 (OR 1·26, 
95% CI 1·05–1·51); and delay of more than 4·5 h resulted in good outcome for 401 (32·6%) of 1229 versus 357 (30·6%) 
of 1166 (OR 1·15, 95% CI 0·95–1·40). Proportional treatment benefi ts were similar irrespective of age or stroke 
severity. Alteplase signifi cantly increased the odds of symptomatic intracranial haemorrhage (type 2 parenchymal 
haemorrhage defi nition 231 [6·8%] of 3391 vs 44 [1·3%] of 3365, OR 5·55, 95% CI 4·01–7·70, p<0·0001; SITS-MOST 
defi nition 124 [3·7%] vs 19 [0·6%], OR 6·67, 95% CI 4·11–10·84, p<0·0001) and of fatal intracranial haemorrhage 
within 7 days (91 [2·7%] vs 13 [0·4%]; OR 7·14, 95% CI 3·98–12·79, p<0·0001). The relative increase in fatal 
intracranial haemorrhage from alteplase was similar irrespective of treatment delay, age, or stroke severity, but the 
absolute excess risk attributable to alteplase was bigger among patients who had more severe strokes. There was no 
excess in other early causes of death and no signifi cant eff ect on later causes of death. Consequently, mortality at 
90 days was 608 (17·9%) in the alteplase group versus 556 (16·5%) in the control group (hazard ratio 1·11, 
95% CI 0·99–1·25, p=0·07). Taken together, therefore, despite an average absolute increased risk of early death from 
intracranial haemorrhage of about 2%, by 3–6 months this risk was off set by an average absolute increase in disability-
free survival of about 10% for patients treated within 3·0 h and about 5% for patients treated after 3·0 h, up to 4·5 h.

Interpretation Irrespective of age or stroke severity, and despite an increased risk of fatal intracranial haemorrhage 
during the fi rst few days after treatment, alteplase signifi cantly improves the overall odds of a good stroke outcome 
when delivered within 4·5 h of stroke onset, with earlier treatment associated with bigger proportional benefi ts.

Funding UK Medical Research Council, British Heart Foundation, University of Glasgow, University of Edinburgh.
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Introduction
Intravenous alteplase (recombinant tissue plasminogen 
activator) is approved for the treatment of acute ischaemic 
stroke. Previous analyses of pooled data from randomised 
trials concluded that alteplase is benefi cial when 

administered to some patients within 4·5 h, but that the 
magnitude of benefi t diminishes with increasing 
treatment delay.1,2 However, uncertainties remain about 
the balance of benefi t and risk when alteplase is given 
later after onset of symptoms, to older patients, or to 
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Eff ect of treatment delay, age, and stroke severity on the 
eff ects of intravenous thrombolysis with alteplase for acute 
ischaemic stroke: a meta-analysis of individual patient data 
from randomised trials
Jonathan Emberson*, Kennedy R Lees*, Patrick Lyden*, Lisa Blackwell, Gregory Albers, Erich Bluhmki, Thomas Brott, Geoff  Cohen, Stephen Davis, 
Geoff rey Donnan, James Grotta, George Howard, Markku Kaste, Masatoshi Koga, Ruediger von Kummer, Maarten Lansberg, Richard I Lindley, 
Gordon Murray, Jean Marc Olivot, Mark Parsons, Barbara Tilley, Danilo Toni, Kazunori Toyoda, Nils Wahlgren, Joanna Wardlaw, William Whiteley, 
Gregory J del Zoppo, Colin Baigent†, Peter Sandercock†, Werner Hacke†; for the Stroke Thrombolysis Trialists’ Collaborative Group

Summary
Background Alteplase is eff ective for treatment of acute ischaemic stroke but debate continues about its use after 
longer times since stroke onset, in older patients, and among patients who have had the least or most severe strokes. 
We assessed the role of these factors in aff ecting good stroke outcome in patients given alteplase.

Methods We did a pre-specifi ed meta-analysis of individual patient data from 6756 patients in nine randomised trials 
comparing alteplase with placebo or open control. We included all completed randomised phase 3 trials of intravenous 
alteplase for treatment of acute ischaemic stroke for which data were available. Retrospective checks confi rmed that no 
eligible trials had been omitted. We defi ned a good stroke outcome as no signifi cant disability at 3–6 months, defi ned by 
a modifi ed Rankin Score of 0 or 1. Additional outcomes included symptomatic intracranial haemorrhage (defi ned by 
type 2 parenchymal haemorrhage within 7 days and, separately, by the SITS-MOST defi nition of parenchymal type 2 
haemorrhage within 36 h), fatal intracranial haemorrhage within 7 days, and 90-day mortality.

Findings Alteplase increased the odds of a good stroke outcome, with earlier treatment associated with bigger 
proportional benefi t. Treatment within 3·0 h resulted in a good outcome for 259 (32·9%) of 787 patients who received 
alteplase versus 176 (23·1%) of 762 who received control (OR 1·75, 95% CI 1·35–2·27); delay of greater than 
3·0 h, up to 4·5 h, resulted in good outcome for 485 (35·3%) of 1375 versus 432 (30·1%) of 1437 (OR 1·26, 
95% CI 1·05–1·51); and delay of more than 4·5 h resulted in good outcome for 401 (32·6%) of 1229 versus 357 (30·6%) 
of 1166 (OR 1·15, 95% CI 0·95–1·40). Proportional treatment benefi ts were similar irrespective of age or stroke 
severity. Alteplase signifi cantly increased the odds of symptomatic intracranial haemorrhage (type 2 parenchymal 
haemorrhage defi nition 231 [6·8%] of 3391 vs 44 [1·3%] of 3365, OR 5·55, 95% CI 4·01–7·70, p<0·0001; SITS-MOST 
defi nition 124 [3·7%] vs 19 [0·6%], OR 6·67, 95% CI 4·11–10·84, p<0·0001) and of fatal intracranial haemorrhage 
within 7 days (91 [2·7%] vs 13 [0·4%]; OR 7·14, 95% CI 3·98–12·79, p<0·0001). The relative increase in fatal 
intracranial haemorrhage from alteplase was similar irrespective of treatment delay, age, or stroke severity, but the 
absolute excess risk attributable to alteplase was bigger among patients who had more severe strokes. There was no 
excess in other early causes of death and no signifi cant eff ect on later causes of death. Consequently, mortality at 
90 days was 608 (17·9%) in the alteplase group versus 556 (16·5%) in the control group (hazard ratio 1·11, 
95% CI 0·99–1·25, p=0·07). Taken together, therefore, despite an average absolute increased risk of early death from 
intracranial haemorrhage of about 2%, by 3–6 months this risk was off set by an average absolute increase in disability-
free survival of about 10% for patients treated within 3·0 h and about 5% for patients treated after 3·0 h, up to 4·5 h.

Interpretation Irrespective of age or stroke severity, and despite an increased risk of fatal intracranial haemorrhage 
during the fi rst few days after treatment, alteplase signifi cantly improves the overall odds of a good stroke outcome 
when delivered within 4·5 h of stroke onset, with earlier treatment associated with bigger proportional benefi ts.

Funding UK Medical Research Council, British Heart Foundation, University of Glasgow, University of Edinburgh.
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Introduction
Intravenous alteplase (recombinant tissue plasminogen 
activator) is approved for the treatment of acute ischaemic 
stroke. Previous analyses of pooled data from randomised 
trials concluded that alteplase is benefi cial when 

administered to some patients within 4·5 h, but that the 
magnitude of benefi t diminishes with increasing 
treatment delay.1,2 However, uncertainties remain about 
the balance of benefi t and risk when alteplase is given 
later after onset of symptoms, to older patients, or to 
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severity (NIHSS score 0–4, 5–10, 11–15, 16–21, ≥22). If we 
had data for the timing of events (eg, mortality within 
90 days), we estimated average relative risks with the 
hazard ratios (HRs) from analogous Cox proportional 
hazards regression models, with a test of the 
proportionality assumption provided by examination of 
the time-dependency of the Schoenfeld partial residuals.23 
All estimates of treatment eff ect compared patients 
allocated alteplase with patients not allocated alteplase, 
and all treatment eff ect size estimates are provided with 
their 95% CIs (calculated when necessary with bias-
corrected and accelerated-corrected bootstrap tech-
niques24) with p values less than 0·05 considered 
statistically signifi cant. We did the analyses with SAS 
(version 9.3) and R (version 2.11.1).

Role of the funding source
The funders had no role in study design, data collection, 
data analysis, data interpretation, or writing of the report. 
The corresponding author had full access to all the data 
and responsibility for the decision to submit for
publication. 

Results
We obtained data for 6756 participants from nine trials 
(eight trials involving 3721 participants randomly 
assigned to alteplase versus placebo and one trial13 
involving 3035 participants assigned to alteplase versus 
open control; table 1); 3391 patients were given alteplase 
and 3365 were given control. Individual data were not 
available for fi ve trials25–29 involving 270 participants. 
6602 (98%) of 6756 participants had complete baseline 
information for treatment delay, age, and stroke severity. 
None of our results changed substantially according to 
the choice of imputation for missing data, including 
exclusion of those with missing data (data not shown). 
On average, patients in IST-3 were 11 years older than 
were patients in the eight previous trials and received 
treatment 20 min later, but they had the same mean 
baseline stroke severity (appendix p 1). Strong 
relationships existed between patient age, treatment 
delay, and stroke severity in all trials (appendix p 4). 
Patients with severe strokes were treated earlier and—
particularly in IST-3—older patients had more severe 
strokes. In IST-3, but not previous trials, patients treated 
earlier also tended to be older than were patients treated 
later. Although 588 (19%) of 3035 participants in IST-3 
treated within 4·5 h of onset of stroke were aged 80 years 
or younger, most of these (372 [63%]) were enrolled 
before revised European guidance in January, 2009, 
recommending the routine use of alteplase for this 
group.4 Baseline characteristics were well balanced by 
treatment allocation for the pooled data (appendix p 2).

Overall, 2110 (31%) of 6756 patients achieved a good 
stroke outcome (mRS of 0 or 1) at 3–6 months (appendix 
p 3). Alteplase signifi cantly increased the odds of a good 
outcome, with earlier treatment resulting in signifi cantly 

Figure 3: Eff ect of alteplase on a good stroke outcome (mRS 0−1) by age, with diff erent treatment delays
Eff ect of age on the interaction between treatment delay and treatment eff ect p=0·08 (ie, not signifi cant but, if 
anything, in the direction of it lengthening, not shortening, the period during which alteplase is eff ective in older 
people). *All six estimates derived from a single stratifi ed logistic regression model that enables the odds ratio to 
be estimated separately for each group (also adjusted for baseline National Institutes of Health Stroke Scale 
score). mRS=modifi ed Rankin Scale.

Figure 4: Eff ect of alteplase on fatal intracranial haemorrhage within 7 days by treatment delay, age, and 
stroke severity
*For each of the three baseline characteristics, estimates were derived from a single logistic regression model 
stratifi ed by trial, which enables separate estimation of the OR for each subgroup after adjustment for the other 
two baseline characteristics (but not possible interactions with those characteristics). The overall eff ect in all 
patients is the trial-stratifi ed logistic regression estimate adjusted only for treatment allocation. 
NE=not estimable.
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Odds ratio 
(95% CI)*

Alteplase
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Treatment delay
 ≤3·0 h
 >3·0≤4·5 h
 >4·5 h
Age (years)
 ≤80 
 >80 
Baseline NIHSS score
 0–4
 5–10
 11–15
 16–21
 ≥22
All patients

 22/787 (2·8%)
 35/1375 (2·5%)
 34/1229 (2·8%)

 59/2512 (2·3%)
 32/879 (3·6%)

 3/345 (0·9%)
 20/1281 (1·6%)
 23/794 (2·9%)
 24/662 (3·6%)
 21/309 (6·8%)
 91/3391 (2·7%)

 2/762 (0·3%)
 7/1437 (0·5%)
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 4/850 (0·5%)
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 1/808 (0·1%)
 5/671 (0·7%)
 2/313 (0·6%)
 13/3365 (0·4%)

 10·86 (2·54–46·41)
 5·63 (2·49–12·76)
 8·16 (2·88–23·11)

 6·93 (3·42–14·02)
 7·95 (2·79–22·60)

   NE
 3·90 (1·46–10·44)
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Figure 5: Eff ect of alteplase on 90-day mortality by follow-up period
Patients can only contribute to a particular risk period if they have already survived any preceding periods. 
*Estimated by Cox proportional hazards regression stratifi ed by trial (and adjusted only for treatment allocation). 
†Includes 91 versus 13 deaths caused by intracranial haemorrhage (with evidence of parenchymal haemorrhage 
type 2; fi gure 4) and 191 versus 191 deaths from other causes.
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Test for varying log HR with increasing duration
of follow-up (p<0·0001)
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- Patient admis dans un établissement ayant 
USINV + NeuroRadioInterv?

- Patient admis dans un établissement 
disposant d’une USINV sans 
NeuroRadioInterv ?  

- Patient admis dans un établissement sans 
USINV : place de la télémédecine ? 
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