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Abstract
Mechanical thrombectomy (MT) has become the cornerstone of acute ischaemic stroke management in patients with
large vessel occlusion (LVO). The aim of this Guideline document is to assist physicians in their clinical decisions with
regard to MT. These Guidelines were developed based on the European Stroke Organisation (ESO) standard operating
procedure and followed the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE)
approach. An interdisciplinary working group identified 15 relevant questions, performed systematic reviews and
meta-analyses of the literature, assessed the quality of the available evidence, and wrote evidence-based recommenda-
tions. Expert opinion was provided if not enough evidence was available to provide recommendations based on the
GRADE approach. We found high-quality evidence to recommend MT plus best medical management (BMM, including
intravenous thrombolysis whenever indicated) to improve functional outcome in patients with LVO-related acute
ischaemic stroke within 6 hours after symptom onset. We found moderate quality of evidence to recommend MT
plus BMM in the 6–24 hour time window in patients meeting the eligibility criteria of published randomised trials. These
Guidelines further detail aspects of pre-hospital management, patient selection based on clinical and imaging character-
istics, and treatment modalities. MT is the standard of care in patients with LVO-related acute stroke. Appropriate
patient selection and timely reperfusion are crucial. Further randomised trials are needed to inform clinical decision-
making with regard to the mothership and drip-and-ship approaches, anaesthesia modalities during MT, and to determine
whether MT is beneficial in patients with low stroke severity or large infarct volume.
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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
• Temps médian de reperfusion : 3 h 16 min

Goyal et al Lancet 2016
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• >80% patients traités dans les 6 h
• SWIFT PRIME, EXTEND-IA, MR Clean: 6h
• REVASCAT: 8h (22 patients -21.4%- traités ≥6 h)
• ESCAPE: 12h (49 patients -15.5%- traités  ≥6 h)

OR de réduction du 
handicap

JAMA. 2016;316(12):1279-1288.



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

The authors’ full names, academic de-
grees, and affiliations are listed in the Ap-
pendix. Address reprint requests to Dr. 
Jovin at the University of Pittsburgh Med-
ical Center Stroke Institute, Department 
of Neurology, Presbyterian University Hos-
pital, 200 Lothrop St., C-400, Pittsburgh, 
PA 15217, or at  jovintg@  upmc . edu.

*A complete list of sites and investigators 
in the DAWN trial is provided in the 
Supplementary Appendix, available at 
NEJM.org.

Drs. Nogueira and Jovin contributed equal-
ly to this article.

This article was published on November 
11, 2017, at NEJM.org.

DOI: 10.1056/NEJMoa1706442
Copyright © 2017 Massachusetts Medical Society.

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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BACKGROUND
Thrombectomy is currently recommended for eligible patients with stroke who are 
treated within 6 hours after the onset of symptoms.

METHODS
We conducted a multicenter, randomized, open-label trial, with blinded outcome 
assessment, of thrombectomy in patients 6 to 16 hours after they were last known 
to be well and who had remaining ischemic brain tissue that was not yet infarcted. 
Patients with proximal middle-cerebral-artery or internal-carotid-artery occlusion, 
an initial infarct size of less than 70 ml, and a ratio of the volume of ischemic 
tissue on perfusion imaging to infarct volume of 1.8 or more were randomly as-
signed to endovascular therapy (thrombectomy) plus standard medical therapy 
(endovascular-therapy group) or standard medical therapy alone (medical-therapy 
group). The primary outcome was the ordinal score on the modified Rankin scale 
(range, 0 to 6, with higher scores indicating greater disability) at day 90.

RESULTS
The trial was conducted at 38 U.S. centers and terminated early for efficacy after 
182 patients had undergone randomization (92 to the endovascular-therapy group 
and 90 to the medical-therapy group). Endovascular therapy plus medical therapy, 
as compared with medical therapy alone, was associated with a favorable shift in 
the distribution of functional outcomes on the modified Rankin scale at 90 days 
(odds ratio, 2.77; P<0.001) and a higher percentage of patients who were function-
ally independent, defined as a score on the modified Rankin scale of 0 to 2 (45% 
vs. 17%, P<0.001). The 90-day mortality rate was 14% in the endovascular-therapy 
group and 26% in the medical-therapy group (P = 0.05), and there was no signifi-
cant between-group difference in the frequency of symptomatic intracranial hemor-
rhage (7% and 4%, respectively; P = 0.75) or of serious adverse events (43% and 
53%, respectively; P = 0.18).

CONCLUSIONS
Endovascular thrombectomy for ischemic stroke 6 to 16 hours after a patient was 
last known to be well plus standard medical therapy resulted in better functional 
outcomes than standard medical therapy alone among patients with proximal 
middle-cerebral-artery or internal-carotid-artery occlusion and a region of tissue 
that was ischemic but not yet infarcted. (Funded by the National Institute of Neu-
rological Disorders and Stroke; DEFUSE 3 ClinicalTrials.gov number, NCT02586415.)
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centage of patients who were functionally inde-
pendent, defined as a score on the modified 
Rankin scale of 0 to 2, at 90 days was 45% in 
the endovascular-therapy group, as compared 
with 17% in the medical-therapy group (risk ra-
tio, 2.67; 95% CI, 1.60 to 4.48; P<0.001).

Safety Outcomes
Mortality at 90 days was 14% in the endovascular-
therapy group and 26% in the medical-therapy 
group (P = 0.05). The rate of symptomatic intra-
cranial hemorrhage did not differ significantly 
between the two groups (7% and 4%, respec-
tively; P = 0.75). Five patients with symptomatic 
intracranial hemorrhages in the endovascular-
therapy group died, as compared with two with 
symptomatic intracranial hemorrhages in the 
medical-therapy group. Parenchymal hematoma 
type 2 (dense blood clot exceeding 30% of the 
infarct volume with substantial space-occupying 
effect) occurred in 9% of the patients in the 
endovascular-therapy group and 3% of those in 
the medical-therapy group (P = 0.21). Thrombec-
tomy-related complications occurred in two pa-
tients: a vessel perforation resulting in subarach-
noid hemorrhage that was associated with a 
3-point increase in the NIHSS score (90-day 
score on the modified Rankin scale, 5), and 
device-related vasospasm that did not lead to 
neurologic worsening. Serious adverse effects 
were reported in 43% of the patients in the endo-

vascular-therapy group and 53% of those in the 
medical-therapy group (P = 0.18) (Table S2 in the 
Supplementary Appendix).

Characteristics of Endovascular 
Thrombectomy

In the endovascular-therapy group, the median 
time from symptom onset to baseline imaging was 
10 hours 29 minutes (interquartile range, 8 hours 
9 minutes to 11 hours 40 minutes) (Table 1), and 
the median time from randomization to femoral 
puncture was 28 minutes. An intervention was 
attempted in 90 patients (98%). Of the 91 patients 
with an occlusion on the baseline angiogram, 10 
(11%) had a TICI score of 0 on the final angio-
gram, 12 (13%) had a score of 2a, 52 (57%) had 
a score of 2b, and 17 (19%) had a score of 3.

Protocol violations occurred in five patients 
(5%) during the interventions. Two patients re-
ceived intraarterial t-PA: one had a symptomatic 
intracerebral hemorrhage and died, and the other 
had a large ischemic infarct (without hemor-
rhagic transformation) and a small contralateral 
subdural hematoma (90-day score on the modified 
Rankin scale, 5). Two patients had intracranial 
stents placed: one had a vessel perforation (as 
described above), and the other had parenchymal 
hemorrhage without neurologic worsening. One 
patient had an intracranial angioplasty, without 
stenting, and did not have neurologic worsening. 
General anesthesia was used in 26 patients (28%). 

Figure 2. Scores on the Modified Rankin Scale at 90 Days.

Patients in the endovascular-therapy group received endovascular therapy plus standard medical therapy. Patients 
in the medical-therapy group received standard medical therapy alone. Scores on the modified Rankin scale range 
from 0 to 6, with 0 indicating no symptoms, 1 no clinically significant disability, 2 slight disability, 3 moderate dis-
ability, 4 moderately severe disability, 5 severe disability, and 6 death. There was a significant difference favoring the 
endovascular-therapy group over the medical-therapy group in the overall distribution of scores (unadjusted com-
mon odds ratio, 2.77; 95% CI, 1.63 to 4.70; P<0.001).
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group and 26% in the medical-therapy group (P = 0.05), and there was no signifi-
cant between-group difference in the frequency of symptomatic intracranial hemor-
rhage (7% and 4%, respectively; P = 0.75) or of serious adverse events (43% and 
53%, respectively; P = 0.18).

CONCLUSIONS
Endovascular thrombectomy for ischemic stroke 6 to 16 hours after a patient was 
last known to be well plus standard medical therapy resulted in better functional 
outcomes than standard medical therapy alone among patients with proximal 
middle-cerebral-artery or internal-carotid-artery occlusion and a region of tissue 
that was ischemic but not yet infarcted. (Funded by the National Institute of Neu-
rological Disorders and Stroke; DEFUSE 3 ClinicalTrials.gov number, NCT02586415.)
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Background and Purpose—The purpose of these guidelines is to provide an up-to-date comprehensive set of recommendations 
for clinicians caring for adult patients with acute arterial ischemic stroke in a single document. The intended audiences 
are prehospital care providers, physicians, allied health professionals, and hospital administrators. These guidelines 
supersede the 2013 guidelines and subsequent updates.

Methods—Members of the writing group were appointed by the American Heart Association Stroke Council’s Scientific 
Statements Oversight Committee, representing various areas of medical expertise. Strict adherence to the American 
Heart Association conflict of interest policy was maintained. Members were not allowed to participate in discussions or 
to vote on topics relevant to their relations with industry. The members of the writing group unanimously approved all 
recommendations except when relations with industry precluded members voting. Prerelease review of the draft guideline 
was performed by 4 expert peer reviewers and by the members of the Stroke Council’s Scientific Statements Oversight 
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7.  In selected patients with AIS within 6 to 16 hours of last known 
normal who have LVO in the anterior circulation and meet other DAWN 
or DEFUSE 3 eligibility criteria, mechanical thrombectomy is 
recommended.

I A

New recommendation.

8.  In selected patients with AIS within 6 to 24 hours of last known 
normal who have LVO in the anterior circulation and meet other 
DAWN eligibility criteria, mechanical thrombectomy is reasonable.

IIa B-R
New recommendation.

The DAWN trial used clinical imaging mismatch (a combination of NIHSS score and imaging findings on CTP 
or DW-MRI) as eligibility criteria to select patients with large anterior circulation vessel occlusion for treatment 
with mechanical thrombectomy between 6 and 24 hours from last known normal. This trial demonstrated 
an overall benefit in function outcome at 90 days in the treatment group (mRS score 0–2, 49% versus 13%; 
adjusted difference, 33%; 95% CI, 21–44; posterior probability of superiority >0.999).108 In DAWN, there were 
few strokes with witnessed onset (12%).The DEFUSE 3 trial used perfusion-core mismatch and maximum 
core size as imaging criteria to select patients with large anterior circulation occlusion 6 to 16 hours from 
last seen well for mechanical thrombectomy. This trial showed a benefit in functional outcome at 90 days in 
the treated group (mRS score 0–2, 44.6% versus 16.7%; RR, 2.67; 95% CI, 1.60–4.48; P<0.0001).109 Benefit 
was independently demonstrated for the subgroup of patients who met DAWN eligibility criteria and for the 
subgroup who did not. DAWN and DEFUSE 3 are the only RCTs showing benefit of mechanical thrombectomy 
>6 hours from onset. Therefore, only the eligibility criteria from these trials should be used for patient 
selection. Although future RCTs may demonstrate that additional eligibility criteria can be used to select 
patients who benefit from mechanical thrombectomy, at this time, the DAWN and DEFUSE-3 eligibility should 
be strictly adhered to in clinical practice.

See Table XXIII in online Data Supplement 1.

9.  The technical goal of the thrombectomy procedure should be 
reperfusion to a modified Thrombolysis in Cerebral Infarction 
(mTICI) 2b/3 angiographic result to maximize the probability of a 
good functional clinical outcome.

I A

Recommendation reworded for clarity from 
2015 Endovascular.

See Table LXXXIII in online Data Supplement 1 
for original wording.

Mechanical thrombectomy aims to achieve reperfusion, not simply recanalization. A variety of reperfusion scores 
exist, but the mTICI score is the current assessment tool of choice, with proven value in predicting clinical 
outcomes.176,177 All recent endovascular trials used the mTICI 2b/3 threshold for adequate reperfusion, with high 
rates achieved. In HERMES, 402 of 570 patients (71%) were successfully reperfused to mTICI 2b/3.172 Earlier 
trials with less efficient devices showed lower recanalization rates, 1 factor in their inability to demonstrate 
benefit from the procedure (IMS III, 41%; MR RESCUE, 25%). The additional benefit of pursuing mTICI of 3 rather 
than 2b deserves further investigation.

 

10.  As with IV alteplase, reduced time from symptom onset to 
reperfusion with endovascular therapies is highly associated with 
better clinical outcomes. To ensure benefit, reperfusion to TICI 
grade 2b/3 should be achieved as early as possible within the 
therapeutic window.

I B-R

Recommendation revised from 2015 
Endovascular.

In pooled patient-level data from 5 trials (HERMES, which included the 5 trials MR CLEAN, ESCAPE, REVASCAT, 
SWIFT PRIME, and EXTEND-IA), the odds of better disability outcomes at 90 days (mRS scale distribution) 
with the mechanical thrombectomy group declined with longer time from symptom onset to expected arterial 
puncture: cOR at 3 hours, 2.79 (95% CI, 1.96–3.98), ARD for lower disability scores, 39.2%; cOR at 6 
hours, 1.98 (95% CI, 1.30–3.00), ARD, 30.2%; cOR at 8 hours, 1.57 (95% CI, 0.86–2.88), and ARD, 15.7%, 
retaining statistical significance through 7 hours 18 minutes.32 Among 390 patients who achieved substantial 
reperfusion with endovascular thrombectomy, each 1-hour delay to reperfusion was associated with a less 
favorable degree of disability (cOR, 0.84; 95% CI, 0.76–0.93; ARD, −6.7%) and less functional independence 
(OR, 0.81; 95% CI, 0.71–0.92; ARD, −5.2%; 95% CI, −8.3 to −2.1).32 In the DAWN trial, the likelihood of 
achieving an mRS score of 0 to 2 at 90 days in the mechanical thrombectomy group declined with time 
since last known normal.108 Therefore, reduced time from symptom onset to reperfusion with endovascular 
therapies is highly associated with better clinical outcomes. A variety of reperfusion scores exist, but the mTICI 
score is the current assessment tool of choice, with proven value in predicting clinical outcomes.129,130 All 
recent endovascular trials used the mTICI 2b/3 threshold for adequate reperfusion, with high rates achieved. 
In HERMES, 402 of 570 patients (71%) were successfully reperfused to TICI 2b/3.172 Earlier trials with less 
efficient devices showed lower recanalization rates, 1 factor in their inability to demonstrate benefit from the 
procedure (IMS III, 41%; MR RESCUE, 25%).

See Tables XXIII and XLI in online Data 
Supplement 1.

11.  Use of stent retrievers is indicated in preference to the Mechanical 
Embolus Removal in Cerebral Ischemia (MERCI) device. I A

Recommendation unchanged from 2015 
Endovascular.

3.7. Mechanical Thrombectomy (Continued) COR LOE New, Revised, or Unchanged
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Background and Purpose—The purpose of these guidelines is to provide an up-to-date comprehensive set of recommendations 
for clinicians caring for adult patients with acute arterial ischemic stroke in a single document. The intended audiences 
are prehospital care providers, physicians, allied health professionals, and hospital administrators. These guidelines 
supersede the 2013 guidelines and subsequent updates.

Methods—Members of the writing group were appointed by the American Heart Association Stroke Council’s Scientific 
Statements Oversight Committee, representing various areas of medical expertise. Strict adherence to the American 
Heart Association conflict of interest policy was maintained. Members were not allowed to participate in discussions or 
to vote on topics relevant to their relations with industry. The members of the writing group unanimously approved all 
recommendations except when relations with industry precluded members voting. Prerelease review of the draft guideline 
was performed by 4 expert peer reviewers and by the members of the Stroke Council’s Scientific Statements Oversight 

2018 Guidelines for the Early Management of Patients  
With Acute Ischemic Stroke

A Guideline for Healthcare Professionals From the American Heart 
Association/American Stroke Association

Reviewed for evidence-based integrity and endorsed by the American Association of Neurological 
Surgeons and Congress of Neurological Surgeons

Endorsed by the Society for Academic Emergency Medicine

William J. Powers, MD, FAHA, Chair; Alejandro A. Rabinstein, MD, FAHA, Vice Chair;  
Teri Ackerson, BSN, RN; Opeolu M. Adeoye, MD, MS, FAHA;  

Nicholas C. Bambakidis, MD, FAHA; Kyra Becker, MD, FAHA; José Biller, MD, FAHA;  
Michael Brown, MD, MSc; Bart M. Demaerschalk, MD, MSc, FAHA; Brian Hoh, MD, FAHA;  

Edward C. Jauch, MD, MS, FAHA; Chelsea S. Kidwell, MD, FAHA;  
Thabele M. Leslie-Mazwi, MD; Bruce Ovbiagele, MD, MSc, MAS, MBA, FAHA;  

Phillip A. Scott, MD, MBA, FAHA; Kevin N. Sheth, MD, FAHA;  
Andrew M. Southerland, MD, MSc; Deborah V. Summers, MSN, RN, FAHA;  

David L. Tirschwell, MD, MSc, FAHA; on behalf of the American Heart Association Stroke Council

© 2018 American Heart Association, Inc.

The American Heart Association makes every effort to avoid any actual or potential conflicts of interest that may arise as a result of an outside 
relationship or a personal, professional, or business interest of a member of the writing panel. Specifically, all members of the writing group are 
required to complete and submit a Disclosure Questionnaire showing all such relationships that might be perceived as real or potential conflicts of 
interest.

This guideline was approved by the American Heart Association Science Advisory and Coordinating Committee on November 29, 2017, and the American 
Heart Association Executive Committee on December 11, 2017. A copy of the document is available at http://professional.heart.org/statements by using 
either “Search for Guidelines & Statements” or the “Browse by Topic” area. To purchase additional reprints, call 843-216-2533 or e-mail kelle.ramsay@ 
wolterskluwer.com.

Data Supplement 1 (Evidence Tables) is available with this article at http://stroke.ahajournals.org/lookup/suppl/doi:10.1161/STR.0000000000000158/-/DC1.
Data Supplement 2 (Literature Search) is available with this article at http://stroke.ahajournals.org/lookup/suppl/doi:10.1161/STR.0000000000000158/-/DC2.
The American Heart Association requests that this document be cited as follows: Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, 

Becker K, Biller J, Brown M, Demaerschalk BM, Hoh B, Jauch EC, Kidwell CS, Leslie-Mazwi TM, Ovbiagele B, Scott PA, Sheth KN, Southerland AM, 
Summers DV, Tirschwell DL; on behalf of the American Heart Association Stroke Council. 2018 Guidelines for the early management of patients with 
acute ischemic stroke: a guideline for healthcare professionals from the American Heart Association/American Stroke Association. Stroke. 2018;49:eXXX–
eXXX. doi: 10.1161/STR.0000000000000158.

The expert peer review of AHA-commissioned documents (eg, scientific statements, clinical practice guidelines, systematic reviews) is conducted by 
the AHA Office of Science Operations. For more on AHA statements and guidelines development, visit http://professional.heart.org/statements. Select the 
“Guidelines & Statements” drop-down menu, then click “Publication Development.”

Permissions: Multiple copies, modification, alteration, enhancement, and/or distribution of this document are not permitted without the express 
permission of the American Heart Association. Instructions for obtaining permission are located at http://www.heart.org/HEARTORG/General/
Copyright-Permission-Guidelines_UCM_300404_Article.jsp. A link to the “Copyright Permissions Request Form” appears on the right side of  
the page.
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12.  In selected patients with AIS within 6 to 24 hours of last known 
normal who have LVO in the anterior circulation, obtaining CTP, 
DW-MRI, or MRI perfusion is recommended to aid in patient 
selection for mechanical thrombectomy, but only when imaging 
and other eligibility criteria from RCTs showing benefit are 
being strictly applied in selecting patients for mechanical 
thrombectomy.

I A

New recommendation.

The DAWN trial (Clinical Mismatch in the Triage of Wake Up and Late Presenting Strokes Undergoing 
Neurointervention With Trevo) used clinical imaging mismatch (a combination of NIHSS and imaging findings on 
CTP or DW-MRI) as an eligibility criterion to select patients with large anterior circulation vessel occlusion for 
mechanical thrombectomy between 6 and 24 hours from last known normal. This trial demonstrated an overall 
benefit in functional outcome at 90 days in the treatment group (mRS score 0–2, 49% versus 13%; adjusted 
difference, 33%; 95% CI, 21–44; posterior probability of superiority >0.999).108 The DEFUSE 3 trial (Diffusion and 
Perfusion Imaging Evaluation for Understanding Stroke Evolution) used perfusion-core mismatch and maximum 
core size as imaging criteria to select patients with large anterior circulation occlusion 6 to 16 hours from last 
seen well for mechanical thrombectomy. This trial showed a benefit in functional outcome at 90 days in the 
treated group (mRS score 0–2, 44.6% versus 16.7%; RR, 2.67; 95% CI, 1.60–4.48; P<0.0001).109 Benefit was 
independently demonstrated for the subgroup of patients who met DAWN eligibility criteria and for the subgroup 
who did not. DAWN and DEFUSE 3 are the only RCTs showing benefit of mechanical thrombectomy >6 hours 
from onset. Therefore, only the eligibility criteria from these trials should be used for patient selection. Although 
future RCTs may demonstrate that additional eligibility criteria can be used to select patients who benefit from 
mechanical thrombectomy, at this time, the DAWN and DEFUSE 3 eligibility should be strictly adhered to in 
clinical practice.

See Table XXIII in online Data Supplement 1.

13.  It may be reasonable to incorporate collateral flow status into 
clinical decision making in some candidates to determine 
eligibility for mechanical thrombectomy.

IIb C-LD
Recommendation revised from 2015 
Endovascular.

Several studies, including secondary analyses from MR CLEAN and IMS (Interventional Management of Stroke) 
III, provide data supporting the role of collateral assessments in identifying patients likely or unlikely to benefit 
from mechanical thrombectomy.110,111

See Table XXIV in online Data Supplement 1.

2.3. Other Diagnostic Tests

2.3. Other Diagnostic Tests COR LOE New, Revised, or Unchanged

1.  Only the assessment of blood glucose must precede the initiation of 
IV alteplase in all patients.

I B-R

Recommendation reworded for clarity from 
2013 AIS Guidelines. Class unchanged. 
Class unchanged. LOE amended to conform 
with ACC/AHA 2015 Recommendation 
Classification System.

Recommendation was modified to clarify that it is only blood glucose that must be measured in all patients. 
Other tests, for example, international normalized ratio, activated partial thromboplastin time, and platelet 
count, may be necessary in some circumstances if there is suspicion of coagulopathy. Given the extremely 
low risk of unsuspected abnormal platelet counts or coagulation studies in a population, IV alteplase 
treatment should not be delayed while waiting for hematologic or coagulation testing if there is no reason to 
suspect an abnormal test.

 

2.  Baseline ECG assessment is recommended in patients presenting 
with AIS, but should not delay initiation of IV alteplase.

I B-NR

Recommendation reworded for clarity from 
2013 AIS Guidelines. Class unchanged. LOE 
amended to conform with ACC/AHA 2015 
Recommendation Classification System.

See Table LXXXIII in online Data Supplement 1 
for original wording.

3.  Baseline troponin assessment is recommended in patients 
presenting with AIS, but should not delay initiation of IV alteplase.

I B-NR

Recommendation reworded for clarity from 
2013 AIS Guidelines. Class unchanged. LOE 
revised.

See Table LXXXIII in online Data Supplement 1 
for original wording.

2.2. Brain Imaging (Continued) COR LOE New, Revised, or Unchanged

 by guest on February 20, 2018
http://stroke.ahajournals.org/

D
ow

nloaded from
 



IMAGERIE de Perfusion

DWI (ADC<620) volume 10 ml Perfusion (Tmax>6s) volume 76 ml

Volume de Mismatch : 66 ml
Mismatch ratio : 7,6
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• Enquête nationale US
• 519 320 patients avec AVC

– 2012-2014 (92 320 ) versus 2015-2016 (129 340)

• Craniectomie 9.5% des patients œdème malin (n=33 530) 
– SSR (65%)
– Mortalité (23%)

Rumalla et al Stroke 2019
Beez et al Crit Care 2019

THROMBECTOMIE 
DE 3,4% à 9,8%
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Summary
Background CT perfusion (CTP) and diffusion or perfusion MRI might assist patient selection for endovascular 
thrombectomy. We aimed to establish whether imaging assessments of irreversibly injured ischaemic core and 
potentially salvageable penumbra volumes were associated with functional outcome and whether they interacted with 
the treatment effect of endovascular thrombectomy on functional outcome.

Methods In this systematic review and meta-analysis, the HERMES collaboration pooled patient-level data from all 
randomised controlled trials that compared endovascular thrombectomy (predominantly using stent retrievers) with 
standard medical therapy in patients with anterior circulation ischaemic stroke, published in PubMed from Jan 1, 2010, 
to May 31, 2017. The primary endpoint was functional outcome, assessed by the modified Rankin Scale (mRS) at 
90 days after stroke. Ischaemic core was estimated, before treatment with either endovascular thrombectomy or 
standard medical therapy, by CTP as relative cerebral blood flow less than 30% of normal brain blood flow or by MRI 
as an apparent diffusion coefficient less than 620 µm²/s. Critically hypoperfused tissue was estimated as the volume 
of tissue with a CTP time to maximum longer than 6 s. Mismatch volume (ie, the estimated penumbral volume) was 
calculated as critically hypoperfused tissue volume minus ischaemic core volume. The association of ischaemic core 
and penumbral volumes with 90-day mRS score was analysed with multivariable logistic regression (functional 
independence, defined as mRS score 0–2) and ordinal logistic regression (functional improvement by at least one 
mRS category) in all patients and in a subset of those with more than 50% endovascular reperfusion, adjusted for 
baseline prognostic variables. The meta-analysis was prospectively designed by the HERMES executive committee, 
but not registered.

Findings We identified seven studies with 1764 patients, all of which were included in the meta-analysis. CTP was available 
and assessable for 591 (34%) patients and diffusion MRI for 309 (18%) patients. Functional independence was worse in 
patients who had CTP versus those who had diffusion MRI, after adjustment for ischaemic core volume (odds ratio [OR] 
0·47 [95% CI 0·30–0·72], p=0·0007), so the imaging modalities were not pooled. Increasing ischaemic core volume was 
associated with reduced likelihood of functional independence (CTP OR 0·77 [0·69–0·86] per 10 mL, pinteraction=0·29; 
diffusion MRI OR 0·87 [0·81–0·94] per 10 mL, pinteraction=0·94). Mismatch volume, examined only in the CTP group because 
of the small numbers of patients who had perfusion MRI, was not associated with either functional independence or 
functional improvement. In patients with CTP with more than 50% endovascular reperfusion (n=186), age, ischaemic 
core volume, and imaging-to-reperfusion time were independently associated with functional improvement. Risk of bias 
between studies was generally low.

Interpretation Estimated ischaemic core volume was independently associated with functional independence and 
functional improvement but did not modify the treatment benefit of endovascular thrombectomy over standard 
medical therapy for improved functional outcome. Combining ischaemic core volume with age and expected imaging-
to-reperfusion time will improve assessment of prognosis and might inform endovascular thrombectomy treatment 
decisions.
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ischaemic core when rapid reperfusion was possible 
(figure 3B).

CTP mismatch volume was assessable in 583 (99%) of 
591 patients (eight had motion artefacts preventing 
measurement of Tmax). The median CTP mismatch 
volume was 96 mL (IQR 64–138 mL); a mismatch of 
0–10 mL was present in five (1%) of 583 patients, 
10–60 mL in 125 (21%) patients, and 60 mL or more in 
453 (78%) patients. The median CTP mismatch ratio was 
9·4 (IQR 3·6–33·7). Of the 583 patients, 556 (95%) met 
the mismatch ratio threshold of more than 1·8 as 
initially applied in SWIFT PRIME6 and 580 (99%) met 
the threshold of more than 1·2 as applied in EXTEND-IA.4 
CTP mismatch volume was correlated with ischaemic 
core volume (ρ=0·13; p=0·002). In univariable analysis, 
CTP mismatch volume was associated with functional 
improvement (cOR per 10 mL 0·96 [95% CI 0·93 to 0·99], 
p=0·009) and utility-weighted mRS (β per 10 mL –0·007 
[–0·011 to –0·002], p=0·001) but not functional 

independence (OR per 10 mL 0·97 [0·93–1·00], p=0·08). 
When ischaemic core volume was included in the 
model, CTP mismatch volume was not associated with 
either outcome (utility-weighted mRS β per 10 mL 
–0·001 [95% CI –0·006 to 0·004], p=0·60; functional 
independence OR per 10 mL 1·01 [0·97–1·05], p=0·65).

Using SWIFT PRIME mismatch criteria,6 34 (6%) of 
583 patients (14 in the endovascular group and 20 in the 
control group) had no CTP mismatch. These patients 
had no functional improvement from endovascular 
treatment (cOR 0·87 [95% CI 0·20–3·81], p=0·85) in a 
model adjusted for ischaemic core volume. Ischaemic 
core volume remained prognostic in this group 
(cOR 0·78 [0·67–0·90], p=0·002). The interaction 
between CTP mismatch status (as per SWIFT PRIME 
criteria) and endovascular treatment effect was not 
significant (p=0·15), although power was limited by the 
small number of patients not meeting criteria for 
mismatch. The included trials were of high quality, and 
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Abstract
Mechanical thrombectomy (MT) has become the cornerstone of acute ischaemic stroke management in patients with
large vessel occlusion (LVO). The aim of this Guideline document is to assist physicians in their clinical decisions with
regard to MT. These Guidelines were developed based on the European Stroke Organisation (ESO) standard operating
procedure and followed the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE)
approach. An interdisciplinary working group identified 15 relevant questions, performed systematic reviews and
meta-analyses of the literature, assessed the quality of the available evidence, and wrote evidence-based recommenda-
tions. Expert opinion was provided if not enough evidence was available to provide recommendations based on the
GRADE approach. We found high-quality evidence to recommend MT plus best medical management (BMM, including
intravenous thrombolysis whenever indicated) to improve functional outcome in patients with LVO-related acute
ischaemic stroke within 6 hours after symptom onset. We found moderate quality of evidence to recommend MT
plus BMM in the 6–24 hour time window in patients meeting the eligibility criteria of published randomised trials. These
Guidelines further detail aspects of pre-hospital management, patient selection based on clinical and imaging character-
istics, and treatment modalities. MT is the standard of care in patients with LVO-related acute stroke. Appropriate
patient selection and timely reperfusion are crucial. Further randomised trials are needed to inform clinical decision-
making with regard to the mothership and drip-and-ship approaches, anaesthesia modalities during MT, and to determine
whether MT is beneficial in patients with low stroke severity or large infarct volume.
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Recommendations

• In the 0–6 h time window, we recommend
mechanical thrombectomy plus best medical
management (including intravenous thromboly-
sis whenever indicated) over best medical man-
agement alone in large vessel occlusion-related
anterior circulation stroke patients without evi-
dence of extensive infarct core (e.g. ASPECTS
!6 on non-contrast CT scan or infarct core
volume "70 mL).
Quality of evidence: High !!!!, Strength of
recommendation: Strong "".

• In the 6–24 h time window, we recommend
mechanical thrombectomy plus best medical
management (including intravenous thromboly-
sis whenever indicated) over best medical man-
agement alone in large vessel occlusion-related
anterior circulation stroke patients fulfilling the
selection criteria of DEFUSE-3* or DAWN**,
including estimated volume of infarct core.
Quality of evidence: Moderate !!!, Strength of
recommendation: Strong "".

• We recommend that anterior circulation stroke
patients with extensive infarct core (e.g.
ASPECTS <6 on non-contrast CT scan or core
volume >70 mL or >100 mL) be included in
randomised controlled trials comparing mechan-
ical thrombectomy plus best medical manage-
ment versus best medical management alone.
Quality of evidence: Very low !, Strength of rec-
ommendation: -.

*6–16 h since time last known well:

- Age "90 years and NIHSS !6: infarct core volume <70 mL and

penumbra volume >15 mL and penumbra volume/core

volume >1.8.

**6–24 h since time last known well:

- Age <80 years: infarct core "30 mL if NIHSS !10; infarct core "51

mL if NIHSS !20.

- Age !80 years: infarct core "20 mL and NIHSS !10.

See Table 3 for details.

Additional information

Increased pre-treatment infarct volume has been
consistently shown to be an independent predictor
of functional dependency (mRS 3–6), worse function-
al outcome and mortality in patients undergoing
MT.91–93 RCTs enrolling patients with low
CT-ASPECTS or large infarct core volume are
under way (Efficacy and Safety of Thrombectomy

in Stroke With Extended Lesion and Extended
Time Window (TENSION): NCT03094715; In
Extremis/LASTE).

Expert opinion

Expert opinion on mechanical thrombectomy in
patients with low ASPECTS or large infarct volume

If inclusion of the patient in a dedicated
randomised controlled trial is not possible, we
suggest that treatment with mechanical thrombec-
tomy may be reasonable on an individual basis
in selected cases with ASPECTS <6 or core
volume >70 mL (11/11 experts agree). Patient
selection criteria might include age, severity
and type of neurological impairment, time
since symptom onset, location of the ischaemic
lesion on plain CT scanner or MRI and
results of advanced imaging, notably perfusion-
core mismatch.

PICO 9: For adults with LVO-related
acute ischaemic stroke, does
selection of MT candidates based on
advanced perfusion, core or collateral
imaging compared with no advanced
imaging: Improve identification of patients
with a therapy effect of thrombectomy on
functional outcome? Decrease the risk
of sICH?

Analysis of current evidence and evidence-based
recommendation

The literature search did not identify any RCT
of modern devices that compared the effect of the
selection of MT candidates with and without
advanced imaging selection (i.e. perfusion or core
assessment on CTP or MRI, or collateral imaging
on multiphase CTA). A higher therapeutic effect
was observed in the RCTs randomising patients in
the 0–6 h time window with more extensive use of
advanced imaging analysis (EXTEND-IA2, ESCAPE3

and SWIFT PRIME4) compared with other
trials:1,5,15–18 the pooled unadjusted ORs for func-
tional independence were 2.84 (95% CI: 2.02–4.01)
and 1.75 (95%CI: 1.39–2.20) in trials with and with-
out advanced imaging patient selection, respectively
(p¼ 0.02 for heterogeneity between the two groups;
Figures 7 and 8).
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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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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

(0·75–2·46)
(1·72–4·72)
(1·49–4·48)
(1·55–3·74)
(1·70–3·50)
(1·95–6·92)

(0·62–2·49)
(1·68–3·26)
(1·61–4·40)

(1·68–3·57)
(1·30–4·55)

(1·65–9·48)
(1·73–3·04)
(0·51–3·21)

(0·80–3·50)
(1·39–5·19)
(1·80–4·38)
(1·40–4·54)

(1·83–3·87)
(1·05–2·97)

(1·92–3·36)
(1·46–3·88)

(1·38–6·32)
(1·68–3·28)

(1·76–3·53)

cOR (95% CI)n
Age (years) (pinteraction = 0·07)
18–49
50–59
60–69
70–79
18–79
≥80
ASPECTS (pinteraction = 0·29)
0–5
6–8
9–10
Alteplase (pinteraction = 0·43)
Yes
No
Stroke location (pinteraction = 0·17)
ICA
M1
M2
NIHSS score (pinteraction = 0·45)
≤10
11–15
16–20
≥21
Onset to randomisation (pinteraction = 0·10)
≤300 min
>300 min
Sex (pinteraction = 0·34)
Male
Female
Tandem lesion (pinteraction = 0·17)
Yes
No

Total

158
218
333
371

1080
198

121
475
682

1090
188

274
887

94

177
307
473
321

1070
208

676
601

122
1132

1278

1·36
2·85
2·58
2·41
2·44
3·68

1·24
2·34
2·66

2·45
2·43

3·96
2·29
1·28

1·67
2·68
2·81
2·52

2·66
1·76

2·54
2·38

2·95
2·35

2·49

10·5 102

Favours interventionFavours control

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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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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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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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.

Copyright © Emberson et al. Open Access article distributed under the terms of CC BY.

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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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.
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Copyright © Emberson et al. Open Access article distributed under the terms of CC BY.

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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 5·63 (2·49–12·76)
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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.

Hazard ratio 
(95% CI)*

Alteplase

(n=3391)

Days 1–7†
Days 8–30
Days 31–90
Total 90-day mortality

 282 (8·3%)
 178 (5·2%)
 148 (4·4%)
 608 (17·9%)

 204 (6·1%)
 188 (5·6%)
 164 (4·9%)
 556 (16·5%)

 1·39 (1·16−1·67)
 0·97 (0·79−1·20)
 0·92 (0·74−1·15)
 1·11 (0·99−1·25)

Control

(n=3365)

1·000·50 0·75 1·50 2·00
Alteplase worseAlteplase better

Test for varying log HR with increasing duration
of follow-up (p<0·0001)



The new england  
journal of medicine

n engl j med 378;17 nejm.org April 26, 2018 1573

established in 1812 April 26, 2018 vol. 378 no. 17

The authors’ full names, academic de-
grees, and affiliations are listed in the 
Appendix. Address reprint requests to Dr. 
Campbell at the Department of Neurology, 
Royal Melbourne Hospital, 300 Grattan 
St., Parkville, VIC 3050, Australia, or at 
 bruce . campbell@  mh . org . au.

* A list of the investigators in the 
 EXTEND-IA TNK trial is provided in 
the Supplementary Appendix, available 
at NEJM.org.

N Engl J Med 2018;378:1573-82.
DOI: 10.1056/NEJMoa1716405
Copyright © 2018 Massachusetts Medical Society.

BACKGROUND
Intravenous infusion of alteplase is used for thrombolysis before endovascular thrombec-
tomy for ischemic stroke. Tenecteplase, which is more fibrin-specific and has longer activ-
ity than alteplase, is given as a bolus and may increase the incidence of vascular reperfusion.

METHODS
We randomly assigned patients with ischemic stroke who had occlusion of the internal 
carotid, basilar, or middle cerebral artery and who were eligible to undergo thrombec-
tomy to receive tenecteplase (at a dose of 0.25 mg per kilogram of body weight; maximum 
dose, 25 mg) or alteplase (at a dose of 0.9 mg per kilogram; maximum dose, 90 mg) 
within 4.5 hours after symptom onset. The primary outcome was reperfusion of greater 
than 50% of the involved ischemic territory or an absence of retrievable thrombus at the 
time of the initial angiographic assessment. Noninferiority of tenecteplase was tested, 
followed by superiority. Secondary outcomes included the modified Rankin scale score 
(on a scale from 0 [no neurologic deficit] to 6 [death]) at 90 days. Safety outcomes were 
death and symptomatic intracerebral hemorrhage.

RESULTS
Of 202 patients enrolled, 101 were assigned to receive tenecteplase and 101 to receive 
alteplase. The primary outcome occurred in 22% of the patients treated with tenecteplase 
versus 10% of those treated with alteplase (incidence difference, 12 percentage points; 
95% confidence interval [CI], 2 to 21; incidence ratio, 2.2; 95% CI, 1.1 to 4.4; P = 0.002 
for noninferiority; P = 0.03 for superiority). Tenecteplase resulted in a better 90-day func-
tional outcome than alteplase (median modified Rankin scale score, 2 vs. 3; common 
odds ratio, 1.7; 95% CI, 1.0 to 2.8; P = 0.04). Symptomatic intracerebral hemorrhage oc-
curred in 1% of the patients in each group.

CONCLUSIONS
Tenecteplase before thrombectomy was associated with a higher incidence of reperfusion 
and better functional outcome than alteplase among patients with ischemic stroke treated 
within 4.5 hours after symptom onset. (Funded by the National Health and Medical Research 
Council of Australia and others; EXTEND-IA TNK ClinicalTrials.gov number, NCT02388061.)
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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
Tenecteplase Group 

(N = 101)
Alteplase Group 

(N = 101) Effect Size (95% CI) P Value

Primary efficacy outcome

Substantial reperfusion at initial angiographic assessment 
— no. (%)*

22 (22) 10 (10)

Difference — percentage points 12 (2–21) 0.002

Adjusted incidence ratio 2.2 (1.1–4.4) 0.03

Adjusted odds ratio 2.6 (1.1–5.9) 0.02

Secondary outcomes

Score on the modified Rankin scale at 90 days†

Median score (IQR) on ordinal analysis‡ 2 (0–3) 3 (1–4) 1.7 (1.0–2.8) 0.04

Functionally independent outcome — no. (%)§ 65 (64) 52 (51)

Adjusted incidence ratio 1.2 (1.0–1.5) 0.06

Adjusted odds ratio 1.8 (1.0–3.4) 0.06

Excellent outcome — no. (%)§ 52 (51) 43 (43)

Adjusted incidence ratio 1.2 (0.9–1.6) 0.20

Adjusted odds ratio 1.4 (0.8–2.6) 0.23

Early neurologic improvement — no. (%)§¶ 72 (71) 69 (68)

Adjusted incidence ratio 1.0 (0.9–1.2) 0.70

Adjusted odds ratio 1.1 (0.6–2.1) 0.70

Safety outcomes

Death — no. (%)§ 10 (10) 18 (18)

Adjusted risk ratio 0.5 (0.3–1.0) 0.049

Adjusted odds ratio 0.4 (0.2–1.1) 0.08

Symptomatic intracerebral hemorrhage — no. (%)§∥ 1 (1) 1 (1)

Risk ratio 1.0 (0.1–15.9) 0.99

Odds ratio 1.0 (0.1–16.2) 0.99

Parenchymal hematoma — no. (%)§** 6 (6) 5 (5)

Risk ratio 1.2 (0.4–3.8) 0.76

Odds ratio 1.2 (0.4–4.1) 0.76

*  Substantial reperfusion was defined as the restoration of blood flow to greater than 50% of the involved territory or no retrievable throm-
bus at the time of the initial angiographic assessment. The analysis was adjusted for the site-of-vessel-occlusion strata. The P value for the 
difference is for noninferiority, and the P values for the incidence ratio and odds ratio are for superiority.

†  Scores on the modified Rankin scale range from 0 (no neurologic deficit) to 6 (death). A functionally independent outcome was defined as 
a modified Rankin scale score of 0 to 2 or no change from baseline. An excellent outcome was defined as a modified Rankin scale score of 
0 or 1 or no change from baseline.

‡  The analysis was adjusted for the NIHSS score and age at baseline. The effect size was assessed with a common odds ratio from ordinal 
logistic regression.

§  The analysis was adjusted for the NIHSS score and age at baseline. The effect size was assessed as an incidence or risk ratio from 
Poisson regression and as an odds ratio from logistic regression.

¶  Early neurologic improvement was defined as a reduction of 8 points in the NIHSS score between baseline and 72 hours or as a score of 0 or 
1 at 72 hours. An 8-point reduction is considered to be highly clinically significant.

∥  Symptomatic intracerebral hemorrhage was defined as a large parenchymal hematoma (blood clot occupying >30% of the infarct volume 
with mass effect) and an increase of 4 points or more in the NIHSS score.

**  Parenchymal hematoma was defined as intraparenchymal blood clot with mass effect.

Table 2. Outcomes.
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European Recommendations on
Organisation of Interventional Care
in Acute Stroke (EROICAS)

Jens Fiehler1, Christophe Cognard2, Mauro Gallitelli3,
Olav Jansen4, Adam Kobayashi5, Heinrich P Mattle6,
Keith W Muir7, Mikael Mazighi8, Karl Schaller9 and
Peter D Schellinger10

Introduction

Five recently published randomized controlled trials
(RCTs)1–5 and respective meta-analyses6–12 provide
strong evidence that endovascular thrombectomy
(EVT) combined with best medical treatment, including
intravenous (IV) tissue plasminogen activator (tPA) (IV
thrombolysis, IVT) for eligible patients, improves the
outcomes of appropriately selected patients with acute
ischemic stroke in the setting of proximal occlusions in
the carotid circulation (large vessel occlusion, LVO).

Four out of the five studies were stopped early after a
first RCT1 showed the superiority of EVT combined
with medical management over medical management
alone. Such premature trial termination will on average
lead to overestimation of the treatment effect.13

Nonetheless, since all fiveRCTs showed consistent bene-
fit of EVT over optimal medical management alone, and
a dose–effect relation (reperfusion rates vs. clinical out-
come), the benefit of EVT is considered established.

After the publication of the ‘‘Consensus statement
by ESO-Karolinska Stroke Update’’ as timely response
to the new evidence,14 the purpose of EROICAS is to
provide recommendations based on a structured collab-
orative process conducted by six relevant European
professional societies.

Methods

A multidisciplinary group of nine clinical researchers
(neurology, neurosurgery, neuroradiology, neuro-
intensive care, and emergency care physicians) from
seven European countries representing six European
Scientific Societies (in alphabetical order: European
Academy of Neurology (EAN), European Association
of Neurosurgical Societies (EANS), European Society
of Emergency Medicine (EuSEM), European Society of
Minimally Invasive Neurological Therapy (ESMINT),
European Society of Neuroradiology (ESNR),
European Stroke Organisation (ESO)) was nominated

by the participating societies and confirmed by the
respective executive committees.

The group discussed and decided by consensus on spe-
cific therapeutic questions. This included rating the import-
ance of the outcomes selected, concluded by a majority
consensus among the members of the working group.

The group identified all available related literature
and selected eligible studies. For each question, three to
five authors (Appendix 1) screened the publications and
assessed the full text of potentially relevant studies. We
restricted our evidence synthesis to RCTs, systematic
reviews and meta-analyses of RCTs relating to 15
questions.
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Effect of Conscious Sedation vs General Anesthesia
on Early Neurological Improvement Among Patients With
Ischemic Stroke Undergoing Endovascular Thrombectomy
A Randomized Clinical Trial
Silvia Schönenberger, MD; Lorenz Uhlmann, MSc; Werner Hacke, MD, PhD; Simon Schieber, MD; Sibu Mundiyanapurath, MD;
Jan C. Purrucker, MD; Simon Nagel, MD; Christina Klose; Johannes Pfaff, MD; Martin Bendszus, MD; Peter A. Ringleb, MD;
Meinhard Kieser, PhD; Markus A. Möhlenbruch, MD; Julian Bösel, MD, FNCS

IMPORTANCE Optimal management of sedation and airway during thrombectomy for acute
ischemic stroke is controversial due to lack of evidence from randomized trials.

OBJECTIVE To assess whether conscious sedation is superior to general anesthesia for early
neurological improvement among patients receiving stroke thrombectomy.

DESIGN, SETTING, AND PARTICIPANTS SIESTA (Sedation vs Intubation for Endovascular Stroke
Treatment), a single-center, randomized, parallel-group, open-label treatment trial with
blinded outcome evaluation conducted at Heidelberg University Hospital in Germany (April
2014-February 2016) included 150 patients with acute ischemic stroke in the anterior
circulation, higher National Institutes of Health Stroke Scale (NIHSS) score (>10), and
isolated/combined occlusion at any level of the internal carotid or middle cerebral artery.

INTERVENTION Patients were randomly assigned to an intubated general anesthesia group
(n = 73) or a nonintubated conscious sedation group (n = 77) during stroke thrombectomy.

MAIN OUTCOMES AND MEASURES Primary outcome was early neurological improvement on
the NIHSS after 24 hours (0-42 [none to most severe neurological deficits; a 4-point
difference considered clinically relevant]). Secondary outcomes were functional outcome by
modified Rankin Scale (mRS) after 3 months (0-6 [symptom free to dead]), mortality, and
peri-interventional parameters of feasibility and safety.

RESULTS Among 150 patients (60 women [40%]; mean age, 71.5 years; median NIHSS score,
17), primary outcome was not significantly different between the general anesthesia group
(mean NIHSS score, 16.8 at admission vs 13.6 after 24 hours; difference, −3.2 points [95% CI,
−5.6 to −0.8]) vs the conscious sedation group (mean NIHSS score, 17.2 at admission vs 13.6
after 24 hour; difference, −3.6 points [95% CI, −5.5 to −1.7]); mean difference between
groups, −0.4 (95% CI, −3.4 to 2.7; P = .82). Of 47 prespecified secondary outcomes analyzed,
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group, substantial patient movement was less frequent (0% vs 9.1%; difference, 9.1%;
P = .008), but postinterventional complications were more frequent for hypothermia (32.9%
vs 9.1%; P < .001), delayed extubation (49.3% vs 6.5%; P < .001), and pneumonia (13.7% vs
3.9%; P = .03). More patients were functionally independent (unadjusted mRS score, 0 to 2
after 3 months [37.0% in the general anesthesia group vs 18.2% in the conscious sedation
group P = .01]). There were no differences in mortality at 3 months (24.7% in both groups).

CONCLUSIONS AND RELEVANCE Among patients with acute ischemic stroke in the anterior
circulation undergoing thrombectomy, conscious sedation vs general anesthesia did not
result in greater improvement in neurological status at 24 hours. The study findings do not
support an advantage for the use of conscious sedation.
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IMPORTANCE Optimal management of sedation and airway during thrombectomy for acute
ischemic stroke is controversial due to lack of evidence from randomized trials.

OBJECTIVE To assess whether conscious sedation is superior to general anesthesia for early
neurological improvement among patients receiving stroke thrombectomy.

DESIGN, SETTING, AND PARTICIPANTS SIESTA (Sedation vs Intubation for Endovascular Stroke
Treatment), a single-center, randomized, parallel-group, open-label treatment trial with
blinded outcome evaluation conducted at Heidelberg University Hospital in Germany (April
2014-February 2016) included 150 patients with acute ischemic stroke in the anterior
circulation, higher National Institutes of Health Stroke Scale (NIHSS) score (>10), and
isolated/combined occlusion at any level of the internal carotid or middle cerebral artery.

INTERVENTION Patients were randomly assigned to an intubated general anesthesia group
(n = 73) or a nonintubated conscious sedation group (n = 77) during stroke thrombectomy.

MAIN OUTCOMES AND MEASURES Primary outcome was early neurological improvement on
the NIHSS after 24 hours (0-42 [none to most severe neurological deficits; a 4-point
difference considered clinically relevant]). Secondary outcomes were functional outcome by
modified Rankin Scale (mRS) after 3 months (0-6 [symptom free to dead]), mortality, and
peri-interventional parameters of feasibility and safety.

RESULTS Among 150 patients (60 women [40%]; mean age, 71.5 years; median NIHSS score,
17), primary outcome was not significantly different between the general anesthesia group
(mean NIHSS score, 16.8 at admission vs 13.6 after 24 hours; difference, −3.2 points [95% CI,
−5.6 to −0.8]) vs the conscious sedation group (mean NIHSS score, 17.2 at admission vs 13.6
after 24 hour; difference, −3.6 points [95% CI, −5.5 to −1.7]); mean difference between
groups, −0.4 (95% CI, −3.4 to 2.7; P = .82). Of 47 prespecified secondary outcomes analyzed,
41 showed no significant differences. In the general anesthesia vs the conscious sedation
group, substantial patient movement was less frequent (0% vs 9.1%; difference, 9.1%;
P = .008), but postinterventional complications were more frequent for hypothermia (32.9%
vs 9.1%; P < .001), delayed extubation (49.3% vs 6.5%; P < .001), and pneumonia (13.7% vs
3.9%; P = .03). More patients were functionally independent (unadjusted mRS score, 0 to 2
after 3 months [37.0% in the general anesthesia group vs 18.2% in the conscious sedation
group P = .01]). There were no differences in mortality at 3 months (24.7% in both groups).

CONCLUSIONS AND RELEVANCE Among patients with acute ischemic stroke in the anterior
circulation undergoing thrombectomy, conscious sedation vs general anesthesia did not
result in greater improvement in neurological status at 24 hours. The study findings do not
support an advantage for the use of conscious sedation.
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Table 3. Primary and Secondary Outcome Results

Variable
General Anesthesia
(n = 73)

Conscious Sedation
(n = 77) Difference (95% CI) P Valuea

Primary Outcome

Change in NIHSSb,
mean (95% CI)

−3.2 (−5.6 to −0.8) −3.6 (−5.5 to −1.7) −0.4 (−3.4 to 2.7) .82c

Change in NIHSS,
median (IQR)

−5.0 (−10.0 to 2.0) −4.0 (−10 to 2.0)

NIHSS after 24 h,
mean (SD)

13.6 (11.1) 13.6 (9.0) 0.0 (−3.3 to 3.3) >.99d

Secondary Outcomes

Clinical

Modified
Rankin Scale
after 3 mo,
mean (SD)

3.5 (1.9) 3.7 (1.8) 0.2 (3.3 to 3.9) .41e

Modified
Rankin Scale
after 3 mo,
median (IQR)

4 (2 to 5) 4 (3 to 5)

Modified
Rankin Scale 0-2
after 3 mo,
No. (%)

27 (37) 14 (18.2) −18.8 (−32.8to−4.8) .01f

In-hospital
mortality,
No. (%)

5 (6.8) 6 (7.8) 0.9 (−7.4 to 9.3) .83f

Mortality
after 3 mo,
No. (%)

18 (24.7) 19 (24.7) 0.0 (−13.8 to 13.8) >.99f

Logistics,
mean (SD)

Length of stay
in hospital, d

5.9 (4.2) 5.2 (4.0) −0.7 (−2.0 to 0.6)g .19e

Length of stay
in intensive care
unit, h

71.6 (106.4) 54.5 (82.2) −17.0 (−50.4 to 15.0)g .23e

Length of
ventilation, hh

30.9 (90.9) 45.4 (126.8) 14.5 (−31.6 to 173.3)g .91e

Length of stay
on stroke unit, hi

87.4 (51.2) 85.2 (46.9) −2.0 (−20.9 to 15.3)g .89e

Door-to-arterial
puncture time,
min

75.6 (29.3) 65.6 (19.9) −10.0 (−19.2 to −2.9)g .03e

Door-to-reperfusion
time, minj

174.4 (56.3) 165.2 (59.4) 9.2 (−10.0 to 28.5)g .29e

Duration of EST,
min

111.6 (62.5) 129.9 (62.5) −18.2 (−38.4 to 2.0) .04e

Feasibility of EST,
No. (%)k

Reperfusion grade
(TICI)l

0-1 4 (5.5) 7 (9.1)

.68l
2a 4 (5.5) 8 (10.4)

2b 30 (41.1) 36 (46.8)

3 35 (47.9) 26 (33.8)

Substantial
reperfusion grade
2b-3 (TICI)

65 (89.0) 62 (80.5)
−8.5 (−19.9 to 2.9)l

Substantial
patient movementm

0 7 (9.1) 9.1 (2.7 to 15.5) .01f

Difficult
vascular approachn

6 (8.2) 9 (11.7) 3.5 (−6.1 to 13.0) .48f

Othero 5 (7.2) 1 (1.4) −5.8 (−12.5 to 0.9) .09f

(continued)
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Outcome General Anesthesia 
(n = 65)

Conscious Sedation 
(n = 63)

PValue

Successful 
reperfusion (mTICI 
2b-3), No. (%)

50 (76.9) 38 (60.3) .04

Acute infarct 
volume, median 
(IQR), mL

10.5 (2.4-23.6) 13.3 (5.2-31.1) .26

Final infarct volume, 
median (IQR), mL

22.3 (8.1-64.5) 38.0 (16.7-128.0) .04

Infarct volume 
growth, median 
(IQR), mL

8.2 (2.2-38.6) 19.4 (2.4-79.0) .10

90-d mRS score, 
median (IQR)

2 (1-3) 2 (1-4) .04

NIHSS score in 24 h, 
median (IQR)

6 (3-14) 10 (2-19) .19

Change in NIHSS 
score after 24 h, 
median (IQR)

−10 (−14 to −5) −7 (−13 to 0) .11
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Patients undergoing endovascular therapy for acute ischemic 
stroke in general anesthesia (GA) have worse neurological 

outcome compared with patients receiving conscious sedation in 
retrospective studies. In several of these studies, patients receiv-
ing GA had higher National Institutes of Health Stroke Scale, 
were older, had more comorbidities, and achieved lower grade 
of reperfusion and a greater percentage suffered from posterior 
stroke, compared with patients receiving conscious sedation.1–7

Only 2 of the retrospective studies addressed the role of 
intraprocedural hypotension for neurological outcome.2,7 In 
this retrospective study, we aimed to elucidate the potential 
role of intraprocedural hypotension, per se, for neurological 
outcome after endovascular therapy under GA for acute isch-
emic stroke. Our hypothesis was that intraprocedural hypo-
tension is an independent predictor for poor neurological 
outcome after this procedure.

Methods
The study was approved by the Gothenburg Regional Ethics Committee. 
Patients with anterior stroke who were treated with endovascular embo-
lectomy 2007 to 2012 were included. During the study period, GA was 
the standard choice for embolectomy procedures in our department.

Blood pressure was recorded every 5 minutes. The last recorded 
mean arterial blood pressure (MAP) before induction of anesthesia 

was defined as the baseline MAP. Intraprocedural MAP was ex-
pressed as fractions of baseline MAP.

The angiographic result of the endovascular treatment was defined 
according to the modified Thrombolysis in Cerebral Infarction score 0 
to 3 (0-2a=not successful recanalization; 2b-3=successful recanaliza-
tion). Neurological outcome was measured with the modified Rankin 
Score 3 months after the stroke by a neurologist blinded to periproce-
dural blood pressures and modified Thrombolysis in Cerebral Infarction 
score. The cohort was divided and analyzed according to 2 outcome 
groups: good outcome, defined as an modified Rankin Scale score of 
≤2 or poor outcome, defined as an modified Rankin Scale score of >2.

Statistical Analysis
Univariate correlates for the development of poor neurological outcome 
were tested using the Mann–Whitney test, unpaired t test, and Fisher ex-
act test. Statistical significance was set to P<0.05. Independent predic-
tors for poor neurological outcome were assessed by multiple logistic 
regression. Predictors with a P value of <0.1 in the univariate analysis 
were included in the logistic regression analysis. Analyses were per-
formed using the GraphPad Prism 5 software (GraphPad PRISM 
Software, version 6.01, Inc., La Jolla) and PASW Statistics 18.0 (SPSS).

Results
One hundred eight patients were evaluated with age 70 (62–
77) years, National Institutes of Health Stroke Scale score of 
21 (18–24), and modified Rankin Scale score of ≤2 in 38% 

Background and Purpose—In retrospective studies, patients receiving general anesthesia for endovascular treatment for 
acute ischemic stroke have worse neurological outcome compared with patients receiving conscious sedation. It has been 
suggested that this is caused by general anesthesia–associated hypotension. We investigated the effect of intraprocedural 
hypotension on neurological outcome.

Methods—One hundred eight patients with acute ischemic stroke, who underwent endovascular treatment in general 
anesthesia between 2007 and 2012, were included. Analyzed predictors of neurological outcome were age, sex, 
comorbidities, baseline National Institutes of Health Stroke Scale, intraprocedural relative changes in mean arterial blood 
pressure from baseline, blood glucose, modified Thrombolysis in Cerebral Infarction score, and elapsed time from stroke 
to computed tomography, groin puncture, and recanalization/end of procedure.

Results—A fall in mean arterial blood pressure of >40% was an independent predictor for poor neurological outcome (P=0.032), 
as were higher admission National Institutes of Health Stroke Scale score (P=0.008) and lack of recanalization (P=0.003).

Conclusions—Profound intraprocedural hypotension is an independent predictor for poor neurological outcome in patients 
with acute ischemic stroke undergoing endovascular therapy in general anesthesia.   (Stroke. 2015;46:2678-2680.  
DOI: 10.1161/STROKEAHA.115.009808.)
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>40% fall in MAP from baseline during the procedure 2.8 
(1.09–7.19), P=0.032.

Discussion
In our cohort of patients receiving GA for endovascular 
therapy, intraprocedural hypotension was more frequent and 
pronounced in patients with poor neurological outcome. 
Intraprocedural hypotension with MAP fall of >40% from 
baseline was an independent predictor of poor neurological 
outcome, in addition to known risk factors, such as National 
Institutes of Health Stroke Scale and lack of successful 
recanalization.

In 2 of the previous retrospective studies showing that GA 
was an independent predictor of worse neurological outcome, 
authors evaluated whether intraprocedural hypotension could 
be a potential contributor to the poor outcome in GA patients. 
A second regression model was constructed in both stud-
ies, substituting the lowest systolic blood pressure of <140 
mm Hg2 or lowest MAP of <70 mm Hg,7 for anesthesia type. 
The problem with these analyses is that type of anesthesia and 
arterial blood pressure are colinear variables, making it diffi-
cult to identify the role of hypotension, per se, for neurological 
outcome. The strength of this study was that the confounding 
of anesthesia type was eliminated because all patients were 
subjected to a standardized GA. Furthermore, detailed analy-
ses of arterial blood pressure and ventilation for the whole 
procedure and detailed analysis of the degree of recanalization 
were provided. The major limitations of this study were its ret-
rospective design, small size, and lack of baseline stroke vol-
ume assessed by, for example, Alberta Stroke Program Early 
Computed Tomography (ASPECT) score.

Intraprocedural hypotension, before recanalization, may 
impair important collateral perfusion of the penumbra and 
vasopressor infusion should be administrated early during 
anesthesia induction, after correcting for any known hypovo-
lemia (volume infusion) or cardiac failure (inotropic agents), 
as this might improve neurological outcome. This hypothesis 
has to be tested, and our institution has launched a prospective 

randomized trial comparing GA versus conscious sedation 
for patients with acute ischemic stroke undergoing endo-
vascular therapy (AnStroke, ClinicalTrials.gov Identifier: 
NCTO1872884).
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Figure. The proportion of patients with poor neuro-
logical outcome (modified Rankin Scale score, >2) 
was higher in patients experiencing a fall in mean 
arterial pressure (MAP) of >40% from baseline.
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Background and Purpose—The purpose of these guidelines is to provide an up-to-date comprehensive set of recommendations 
for clinicians caring for adult patients with acute arterial ischemic stroke in a single document. The intended audiences 
are prehospital care providers, physicians, allied health professionals, and hospital administrators. These guidelines 
supersede the 2013 guidelines and subsequent updates.

Methods—Members of the writing group were appointed by the American Heart Association Stroke Council’s Scientific 
Statements Oversight Committee, representing various areas of medical expertise. Strict adherence to the American 
Heart Association conflict of interest policy was maintained. Members were not allowed to participate in discussions or 
to vote on topics relevant to their relations with industry. The members of the writing group unanimously approved all 
recommendations except when relations with industry precluded members voting. Prerelease review of the draft guideline 
was performed by 4 expert peer reviewers and by the members of the Stroke Council’s Scientific Statements Oversight 
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2.  Patients who have elevated BP and are otherwise eligible for 
treatment with IV alteplase should have their BP carefully lowered 
so that their systolic BP is <185 mm Hg and their diastolic BP is 
<110 mm Hg before IV fibrinolytic therapy is initiated. I B-NR

Recommendation reworded for clarity from 
2013 AIS Guidelines. Class unchanged. LOE 
amended to conform with ACC/AHA 2015 
Recommendation Classification System.

See Table LXXXIII in online Data Supplement 1 
for original wording.

The RCTs of IV alteplase required the BP to be <185 mm Hg systolic and <110 mm Hg diastolic before treatment 
and <180/105 mm Hg for the first 24 hours after treatment. Options to treat arterial hypertension in patients with 
AIS who are candidates for acute reperfusion therapy are given in Table 5. Some observational studies suggest 
that the risk of hemorrhage after administration of alteplase is greater in patients with higher BPs126–132 and in 
patients with more BP variability.133 The exact BP at which the risk of hemorrhage after thrombolysis increases is 
unknown. It is thus reasonable to target the BPs used in the RCTs of IV thrombolysis.

See Table XXIX in online Data Supplement 1.

3.  Until additional data become available, in patients for whom 
intra-arterial therapy is planned and who have not received IV 
thrombolytic therapy, it is reasonable to maintain BP ≤185/110 
mm Hg before the procedure.

IIa B-R

Recommendation revised from 2013 AIS 
Guidelines.

Of the 6 RCTs that each independently demonstrated clinical benefit of mechanical thrombectomy with stent 
retrievers when performed <6 hours from stroke onset, 5 (REVASCAT, SWIFT PRIME, EXTEND-IA,THRACE, 
and MR CLEAN102–104,106,107) had eligibility exclusions for BP >185/110 mm Hg, The sixth, ESCAPE,105 had no 
BP eligibility exclusion. DAWN also used an exclusion for BP >185/110 mm Hg.108 RCT data for optimal BP 
management approaches in this setting are not available. Because the vast majority of patients enrolled in these 
RCTs had preprocedural BP managed below 185/110 mm Hg, it is reasonable to use this level as a guideline.

See Table XXIII in online Data Supplement 1.

4.  The usefulness of drug-induced hypertension in patients with AIS is 
not well established. IIb C-LD

Recommendation and Class unchanged from 
2013 AIS Guidelines. LOE revised.

Table 5. Options to Treat Arterial Hypertension in Patients With AIS Who Are Candidates for Acute Reperfusion Therapy*

Class IIb, LOE C-EO

Patient otherwise eligible for acute reperfusion therapy except that BP is >185/110 mm Hg:

 Labetalol 10–20 mg IV over 1–2 min, may repeat 1 time; or

 Nicardipine 5 mg/h IV, titrate up by 2.5 mg/h every 5–15 min, maximum 15 mg/h; when desired BP reached, adjust to maintain proper BP limits; or

 Clevidipine 1–2 mg/h IV, titrate by doubling the dose every 2–5 min until desired BP reached; maximum 21 mg/h

 Other agents (eg, hydralazine, enalaprilat) may also be considered

If BP is not maintained ≤185/110 mm Hg, do not administer alteplase

Management of BP during and after alteplase or other acute reperfusion therapy to maintain BP ≤180/105 mm Hg:

 Monitor BP every 15 min for 2 h from the start of alteplase therapy, then every 30 min for 6 h, and then every hour for 16 h

If systolic BP >180–230 mm Hg or diastolic BP >105–120 mm Hg:

 Labetalol 10 mg IV followed by continuous IV infusion 2–8 mg/min; or

 Nicardipine 5 mg/h IV, titrate up to desired effect by 2.5 mg/h every 5–15 min, maximum 15 mg/h; or

 Clevidipine 1–2 mg/h IV, titrate by doubling the dose every 2–5 min until desired BP reached; maximum 21 mg/h

If BP not controlled or diastolic BP >140 mm Hg, consider IV sodium nitroprusside

AIS indicates acute ischemic stroke; BP, blood pressure; IV, intravenous; and LOE, Level of Evidence.
*Different treatment options may be appropriate in patients who have comorbid conditions that may benefit from acute reductions in BP such as acute coronary event, 

acute heart failure, aortic dissection, or preeclampsia/eclampsia.
Data derived from Jauch et al.1

3.2. Blood Pressure (Continued) COR LOE New, Revised, or Unchanged
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Background and Purpose—The purpose of these guidelines is to provide an up-to-date comprehensive set of recommendations 
for clinicians caring for adult patients with acute arterial ischemic stroke in a single document. The intended audiences 
are prehospital care providers, physicians, allied health professionals, and hospital administrators. These guidelines 
supersede the 2013 guidelines and subsequent updates.

Methods—Members of the writing group were appointed by the American Heart Association Stroke Council’s Scientific 
Statements Oversight Committee, representing various areas of medical expertise. Strict adherence to the American 
Heart Association conflict of interest policy was maintained. Members were not allowed to participate in discussions or 
to vote on topics relevant to their relations with industry. The members of the writing group unanimously approved all 
recommendations except when relations with industry precluded members voting. Prerelease review of the draft guideline 
was performed by 4 expert peer reviewers and by the members of the Stroke Council’s Scientific Statements Oversight 
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11.  Treating clinicians should be aware that hypoglycemia and 
hyperglycemia may mimic acute stroke presentations and 
determine blood glucose levels before IV alteplase initiation. IV 
alteplase is not indicated for nonvascular conditions. III: No Benefit B-NR

Recommendation reworded for clarity from 
2015 IV Alteplase. Class and LOE amended to 
conform with ACC/AHA 2015 Recommendation 
Classification System.

See Table LXXXIII in online Data Supplement 1 
for original wording.

12.  Because time from onset of symptoms to treatment has such a 
powerful impact on outcomes, treatment with IV alteplase should 
not be delayed to monitor for further improvement.

III: Harm C-EO

Recommendation wording modified from 2015 
IV Alteplase to match Class III stratifications 
and reworded for clarity. Class and LOE 
amended to conform with ACC/AHA 2015 
Recommendation Classification System.

See Table LXXXIII in online Data Supplement 1 
for original wording.

13.  In patients undergoing fibrinolytic therapy, physicians should be 
prepared to treat potential emergent adverse effects, including 
bleeding complications and angioedema that may cause partial 
airway obstruction. I B-NR

Recommendation reworded for clarity from 
2013 AIS Guidelines. Class unchanged. LOE 
amended to conform with ACC/AHA 2015 
Recommendation Classification System.

See Table LXXXIII in online Data Supplement 1 
for original wording.

See Table 8 for options for management of symptomatic intracranial bleeding occurring within 24 hours 
after administration of IV alteplase for treatment of AIS and Table 9 for options for management of orolingual 
angioedema associated with IV alteplase administration for AIS.

 

14.  BP should be maintained <180/105 mm Hg for at least the first 24 
hours after IV alteplase treatment.

I B-NR

Recommendation reworded for clarity from 
2013 AIS Guidelines. Class unchanged. LOE 
amended to conform with ACC/AHA 2015 
Recommendation Classification System.

See Table LXXXIII in online Data Supplement 1 
for original wording.

15.  The risk of antithrombotic therapy within the first 24 hours after 
treatment with IV alteplase (with or without EVT) is uncertain. Use 
might be considered in the presence of concomitant conditions 
for which such treatment given in the absence of IV alteplase 
is known to provide substantial benefit or withholding such 
treatment is known to cause substantial risk.

IIb B-NR

New recommendation.

A retrospective analysis of consecutive ischemic stroke patients admitted to a single center in Seoul, South 
Korea, found no increased risk of hemorrhage with early initiation of antiplatelet or anticoagulant therapy (<24 
hours) after IV alteplase or EVT compared with initiation >24 hours. However, this study may have been subject 
to selection bias, and the timing of the initiation of antiplatelet therapy or anticoagulation should be based on an 
individual level, balancing risk versus benefit.166

See Table XXXVIII in online Data Supplement 1.

16.  In patients eligible for IV alteplase, benefit of therapy is time 
dependent, and treatment should be initiated as quickly as 
possible. I A

Recommendation reworded for clarity 
from 2013 AIS Guidelines. Class and LOE 
unchanged.

See Table LXXXIII in online Data Supplement 1 
for original wording.

3.5. IV Alteplase (Continued) COR LOE New, Revised, or Unchanged
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2.  Patients who have elevated BP and are otherwise eligible for 
treatment with IV alteplase should have their BP carefully lowered 
so that their systolic BP is <185 mm Hg and their diastolic BP is 
<110 mm Hg before IV fibrinolytic therapy is initiated. I B-NR

Recommendation reworded for clarity from 
2013 AIS Guidelines. Class unchanged. LOE 
amended to conform with ACC/AHA 2015 
Recommendation Classification System.

See Table LXXXIII in online Data Supplement 1 
for original wording.

The RCTs of IV alteplase required the BP to be <185 mm Hg systolic and <110 mm Hg diastolic before treatment 
and <180/105 mm Hg for the first 24 hours after treatment. Options to treat arterial hypertension in patients with 
AIS who are candidates for acute reperfusion therapy are given in Table 5. Some observational studies suggest 
that the risk of hemorrhage after administration of alteplase is greater in patients with higher BPs126–132 and in 
patients with more BP variability.133 The exact BP at which the risk of hemorrhage after thrombolysis increases is 
unknown. It is thus reasonable to target the BPs used in the RCTs of IV thrombolysis.

See Table XXIX in online Data Supplement 1.

3.  Until additional data become available, in patients for whom 
intra-arterial therapy is planned and who have not received IV 
thrombolytic therapy, it is reasonable to maintain BP ≤185/110 
mm Hg before the procedure.

IIa B-R

Recommendation revised from 2013 AIS 
Guidelines.

Of the 6 RCTs that each independently demonstrated clinical benefit of mechanical thrombectomy with stent 
retrievers when performed <6 hours from stroke onset, 5 (REVASCAT, SWIFT PRIME, EXTEND-IA,THRACE, 
and MR CLEAN102–104,106,107) had eligibility exclusions for BP >185/110 mm Hg, The sixth, ESCAPE,105 had no 
BP eligibility exclusion. DAWN also used an exclusion for BP >185/110 mm Hg.108 RCT data for optimal BP 
management approaches in this setting are not available. Because the vast majority of patients enrolled in these 
RCTs had preprocedural BP managed below 185/110 mm Hg, it is reasonable to use this level as a guideline.

See Table XXIII in online Data Supplement 1.

4.  The usefulness of drug-induced hypertension in patients with AIS is 
not well established. IIb C-LD

Recommendation and Class unchanged from 
2013 AIS Guidelines. LOE revised.

Table 5. Options to Treat Arterial Hypertension in Patients With AIS Who Are Candidates for Acute Reperfusion Therapy*

Class IIb, LOE C-EO

Patient otherwise eligible for acute reperfusion therapy except that BP is >185/110 mm Hg:

 Labetalol 10–20 mg IV over 1–2 min, may repeat 1 time; or

 Nicardipine 5 mg/h IV, titrate up by 2.5 mg/h every 5–15 min, maximum 15 mg/h; when desired BP reached, adjust to maintain proper BP limits; or

 Clevidipine 1–2 mg/h IV, titrate by doubling the dose every 2–5 min until desired BP reached; maximum 21 mg/h

 Other agents (eg, hydralazine, enalaprilat) may also be considered

If BP is not maintained ≤185/110 mm Hg, do not administer alteplase

Management of BP during and after alteplase or other acute reperfusion therapy to maintain BP ≤180/105 mm Hg:

 Monitor BP every 15 min for 2 h from the start of alteplase therapy, then every 30 min for 6 h, and then every hour for 16 h

If systolic BP >180–230 mm Hg or diastolic BP >105–120 mm Hg:

 Labetalol 10 mg IV followed by continuous IV infusion 2–8 mg/min; or

 Nicardipine 5 mg/h IV, titrate up to desired effect by 2.5 mg/h every 5–15 min, maximum 15 mg/h; or

 Clevidipine 1–2 mg/h IV, titrate by doubling the dose every 2–5 min until desired BP reached; maximum 21 mg/h

If BP not controlled or diastolic BP >140 mm Hg, consider IV sodium nitroprusside

AIS indicates acute ischemic stroke; BP, blood pressure; IV, intravenous; and LOE, Level of Evidence.
*Different treatment options may be appropriate in patients who have comorbid conditions that may benefit from acute reductions in BP such as acute coronary event, 

acute heart failure, aortic dissection, or preeclampsia/eclampsia.
Data derived from Jauch et al.1

3.2. Blood Pressure (Continued) COR LOE New, Revised, or Unchanged
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APRÈS 
THÉRAPEUTIQUE 
DE REPERFUSION



• Traitement de référence: Alteplase IV+ Thrombectomie

• Augmentation de la fenêtre thérapeutique jusqu’à 24 

heures (imagerie de perfusion+++)

• Gestion de la pression artérielle à définir

• Les prochaines étapes?
• Thrombectomie sans alteplase
• Nouveaux anti-thrombotiques
• Évaluation de cibles de pression artérielle


