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Hirninfarkt 80%

Hirnblutung 20%

Ursachen des Schlaganfalls
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Was mache ich in der Akutversorgung?

• Schnelle Triage
• Schneller Neurostatus
• Pragmatische Bildgebung
• Stroke mimics erkennen
• Internistische Komplikationen erkennen
• Kontrolle Vitalparameter
• Lyse? Rekanalisation? Gerinnungstherapie? 
• Entscheidung SU, IMC, ITS, Normalstation (?)

>>> auch am Sonntag früh um 3:30 !!!
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Essentials: „akuter stroke“ 

Standardisierte Übergabe durch Rettungsdienst

Labor bei Eintritt; Strokeverdacht verifizieren

internistischer Check (EKG ?), klinischer Eindruck, Vigilanz (GCS)

Schneller Neurostatus (NIHSS), Onset kontrollieren (!)

Anamnese: Sturz, Vorerkrankungen, Medikamente, Antikoagulation, 
Operationen, spezielle Kontraindikationen („on the way“)

1. Welches Imaging? 2. Welche Therapie? 3. Welcher Zielort?
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#1: Zeitfenster 0-4,5 h: 
Frühzeichen, Infarkt, Gefäßverschluss

nCT 2 Stunden 
nach Beginn einer 

linksseitigen 
Hemiparese
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CT und CTA:
„Was muss ich erkennen?“

NATIV CT:
- Frühzeichen (early ischemic signs): hilfreich, wenn vorhanden
 Abblassung der Basalganglien
 Kortikale Schwellung
 Hyperdenses Mediazeichen

- Demarkierter Infarkt?
- ICB (SAB)?
- andere Pathologie?

CT Angiographie:
- Proximaler Gefäßverschluß (target vessel) z.B. M1, M2, Carotis T 
Gabel; ggfs. P1, A1?
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mismatch 
DWI/PWI 
ratio 1.2?

ja

nein

#2: Zeitfenster > 4,5 h:
 

Risikogewebe = Penumbra = Mismatch

DWI
(Infarkt)

PWI
(hypoperfusion)

„mismatch“
(penumbra)
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Bildgebung Risikogewebe 
(Penumbra/Mismatch)

Methode

MRT= Diffusion/Perfusionsmismatch
oder

pCT= Mismatch zwischen core (CBV oder CBF) und Perfusion (TTP 
oderMTT)

Mismatchbildgebung: Was muss ich erkennen?
Infarktkern

„Rettbares Gewebe“
ggfs. Therapiegefahr

Tissue clock?
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DWI FLAIR mismatch
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DWI FLAIR Mismatch

Welche Methode?

MRT
(CT???)

Was muss ich erkennnen?
Ausdehnung FLAIR Läsion und DWI Läsion

Welches Aussage hat es?
Wahrscheinlichkeit, dass stroke < 4,5 h

„Rettbares Gewebe“?
Ggfs. Therapiegefahr?

Tissue clock?
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IV Thrombolyse < 4,5 h mit rtPA (IVT) 
… ist Standardtherapie des akuten Schlaganfalls < 4,5 h mit und ohne 

Nachweis eines target vessel

Besonderheiten*….
Alter

Vorbehandlung TFH
„relevanter Stroke“ ?

Gerinnung
Zeitfenster 

Vorerkrankungen
„lakunäres Syndrom“

Diabetes
Frühzeichen im CT

microbleeds im MRT
rtPA lyse light?
Tenecteplase?

*Bitte Fachinformation und lokale Manuale beachten 12



Metaanalyse EXTEND, ECASS4, EPITHET: 
Lyse 4,5-9 h und WUS 

• Individuelle Patienten Metaanalyse
• Lyse > 4,5-9 h und WUS
• EXTEND 225, ECASS4 119, EPITHET 70
• mRS 0-1: 36% vs 29%
• SICH 5% vs 1%
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Extending thrombolysis to 4·5–9 h and wake-up stroke using 
perfusion imaging: a systematic review and meta-analysis of 
individual patient data
Bruce C V Campbell*, Henry Ma*, Peter A Ringleb*, Mark W Parsons, Leonid Churilov, Martin Bendszus, Christopher R Levi, Chung Hsu, 
Timothy J Kleinig, Marc Fatar, Didier Leys, Carlos Molina, Tissa Wijeratne, Sami Curtze, Helen M Dewey, P Alan Barber, Kenneth S Butcher, 
Deidre A De Silva, Christopher F Bladin, Nawaf Yassi, Johannes A R Pfaff, Gagan Sharma, Andrew Bivard, Patricia M Desmond, Stefan Schwab, 
Peter D Schellinger, Bernard Yan, Peter J Mitchell, Joaquín Serena, Danilo Toni, Vincent Thijs, Werner Hacke†, Stephen M Davis†, 
Geoffrey A Donnan†, on behalf of the EXTEND, ECASS-4, and EPITHET Investigators‡

Summary
Background Stroke thrombolysis with alteplase is currently recommended 0–4·5 h after stroke onset. We aimed to 
determine whether perfusion imaging can identify patients with salvageable brain tissue with symptoms 4·5 h or 
more from stroke onset or with symptoms on waking who might benefit from thrombolysis.

Methods In this systematic review and meta-analysis of individual patient data, we searched PubMed for randomised 
trials published in English between Jan 1, 2006, and March 1, 2019. We also reviewed the reference list of a previous 
systematic review of thrombolysis and searched ClinicalTrials.gov for interventional studies of ischaemic stroke. 
Studies of alteplase versus placebo in patients (aged ≥18 years) with ischaemic stroke treated more than 4·5 h after 
onset, or with wake-up stroke, who were imaged with perfusion-diffusion MRI or CT perfusion were eligible for 
inclusion. The primary outcome was excellent functional outcome (modified Rankin Scale [mRS] score 0–1) at 
3 months, adjusted for baseline age and clinical severity. Safety outcomes were death and symptomatic intracerebral 
haemorrhage. We calculated odds ratios, adjusted for baseline age and National Institutes of Health Stroke Scale score, 
using mixed-effects logistic regression models. This study is registered with PROSPERO, number CRD42019128036.

Findings We identified three trials that met eligibility criteria: EXTEND, ECASS4-EXTEND, and EPITHET. Of the 
414 patients included in the three trials, 213 (51%) were assigned to receive alteplase and 201 (49%) were assigned to 
receive placebo. Overall, 211 patients in the alteplase group and 199 patients in the placebo group had mRS assessment 
data at 3 months and thus were included in the analysis of the primary outcome. 76 (36%) of 211 patients in the 
alteplase group and 58 (29%) of 199 patients in the placebo group had achieved excellent functional outcome at 
3 months (adjusted odds ratio [OR] 1·86, 95% CI 1·15–2·99, p=0·011). Symptomatic intracerebral haemorrhage was 
more common in the alteplase group than the placebo group (ten [5%] of 213 patients vs one [<1%] of 201 patients in 
the placebo group; adjusted OR 9·7, 95% CI 1·23–76·55, p=0·031). 29 (14%) of 213 patients in the alteplase group 
and 18 (9%) of 201 patients in the placebo group died (adjusted OR 1·55, 0·81–2·96, p=0·66).

Interpretation Patients with ischaemic stroke 4·5–9 h from stroke onset or wake-up stroke with salvageable brain 
tissue who were treated with alteplase achieved better functional outcomes than did patients given placebo. The rate 
of symptomatic intracerebral haemorrhage was higher with alteplase, but this increase did not negate the overall net 
benefit of thrombolysis.

Funding None.

Copyright © 2019 Elsevier Ltd. All rights reserved.

Introduction
Current guidelines recommend thrombolysis with intra-
venous alteplase for acute ischaemic stroke up to 4·5 h 
from stroke onset on the basis of individual patient data 
from randomised trials that included patients according 
to non-contrast CT brain and clinical criteria.1 These 
criteria exclude a substantial proportion of patients who 
present more than 4·5 h after stroke onset or who have 
unknown onset (eg, wake-up stroke). The WAKE-UP trial2 
demonstrated the benefit of intravenous thrombolysis 
with alteplase in patients with stroke symptoms on waking 

by identifying an MRI pattern suggestive of stroke with an 
onset of less than 4·5 h. This method of selection increases 
the proportion of patients eligible for treatment, but other 
research3 showed that this selection approach only 
identifies around 62% of patients who are within the 
0–4·5 h time window. Furthermore, this approach 
excludes patients who might have salvageable brain tissue, 
despite pres enting more than 4·5 h after stroke onset.

An alternative approach is to use CT perfusion or 
perfusion-diffusion MRI to identify patients with poten-
tially salvageable brain tissue, regardless of time from 

Published Online 
May 22, 2019 
http://dx.doi.org/10.1016/
S0140-6736(19)31053-0

See Online/Comment 
http://dx.doi.org/10.1016/ 
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The volume of critically hypoperfused tissue (the 
penumbra and core combined) was estimated using CT 
perfusion or perfusion MRI with a time to maximum 
threshold of more than 6 s.16 Time to maximum relates 
to the time delay in tissue enhancement after a bolus 
of intravenous contrast is given. Mismatch volume 
(ie, estimated penumbral volume) was defined as 
critically hypoperfused tissue volume minus ischaemic 
core volume. Mismatch ratio was defined as critically 
hypoperfused tissue volume divided by ischaemic core 
volume. Patients with a mismatch ratio greater than 1·2, 
a mismatch volume greater than 10 mL, and an 
ischaemic core volume less than 70 mL were considered 
to have perfusion mismatch. This study is registered 
with PROSPERO, number CRD42019128036.

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

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

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

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

Figure 1: mRS scores at 3 months for all patients
mRS=modified Rankin Scale.
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mRS score

Placebo 
(n=201)

Alteplase 
(n=213)

Odds ratio* 
(95% CI)

p value

Primary outcome

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

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

Secondary outcomes

Functional improvement in mRS 
score at 3 months†

NA NA 1·60 (1·12–2·27) 0·009

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

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

Early neurological improvement 
at 72 h‡

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

Safety outcomes

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

Symptomatic intracerebral 
haemorrhage§

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

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

Table 2: Study outcomes in all patients

Campbell  et al. 2019 Lancet 13



Alteplase vs Tenecteplase

- TRACE-2 Studie: Wang et al. 2023 Lancet Neur

- TWIST Studie: Roaldsen et al. 2023 Lancet Neur

https://rebelem.com/tenecteplase-vs-alteplase-in-acute-ischemic-stroke/
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NOAK und Antagonisierung

Idarucizumab Andexanet alfa PPSB

Target Dabigatran
(spezifisch)

Apixaban/
Rivaroxaban 
(spezifisch)

Gerinnungsfaktor
en (varia)

Spezifität +++ +++ +

Dosis 2x Kurzinfusion; 
fixe Dosis

Bolus + 
Kurzinfusion; 2 

Regimes

Kurzinfusion, 
nach KG adaptiert

Zulassung + + -

Kosten ++ +++ +
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Thrombolyse und NOAK

Intravenous Thrombolysis in Patients With Ischemic Stroke
and Recent Ingestion of Direct Oral Anticoagulants
Thomas R. Meinel, MD; Duncan Wilson, PhD; Henrik Gensicke, MD; Jan F. Scheitz, MD; Peter Ringleb, MD;
Ioana Goganau, MD; Johannes Kaesmacher, MD; Hee-Joon Bae, MD; Do Yeon Kim, MD; Pawel Kermer, MD;
Kentaro Suzuki, MD; Kazumi Kimura, MD; Kosmas Macha, MD; Masatoshi Koga, MD; Shinichi Wada, MD;
Valerian Altersberger, MD; Alexander Salerno, MD; Logesh Palanikumar, MD; Andrea Zini, MD;
Stefano Forlivesi, MD; Lars Kellert, MD; Johannes Wischmann, MD; Espen S. Kristoffersen, MD, PhD;
James Beharry, MD; P. Alan Barber, PhD; Jae Beom Hong, MD; Carlo Cereda, MD; Eckhard Schlemm, MBBS, PhD;
Yusuke Yakushiji, MD; Sven Poli, MD, MSc; Ronen Leker, MD; Michele Romoli, MD; Marialuisa Zedde, MD;
Sami Curtze, MD; Benno Ikenberg, MD; Timo Uphaus, MD; David Giannandrea, MD; Pere Cardona Portela, MD;
Roland Veltkamp, MD; Annemarei Ranta, PhD; Marcel Arnold, MD; Urs Fischer, MD; Jae-Kwan Cha, MD;
Teddy Y. Wu, PhD; Jan C. Purrucker, MD, MSc; David J. Seiffge, MD; and the DOAC-IVT Writing Group;
for the International DOAC-IVT, TRISP, and CRCS-K-NIH Collaboration

IMPORTANCE International guidelines recommend avoiding intravenous thrombolysis (IVT) in
patients with ischemic stroke who have a recent intake of a direct oral anticoagulant (DOAC).

OBJECTIVE To determine the risk of symptomatic intracranial hemorrhage (sICH) associated
with use of IVT in patients with recent DOAC ingestion.

DESIGN, SETTING, AND PARTICIPANTS This international, multicenter, retrospective cohort
study included 64 primary and comprehensive stroke centers across Europe, Asia, Australia,
and New Zealand. Consecutive adult patients with ischemic stroke who received IVT (both
with and without thrombectomy) were included. Patients whose last known DOAC ingestion
was more than 48 hours before stroke onset were excluded. A total of 832 patients with
recent DOAC use were compared with 32 375 controls without recent DOAC use. Data were
collected from January 2008 to December 2021.

EXPOSURES Prior DOAC therapy (confirmed last ingestion within 48 hours prior to IVT)
compared with no prior oral anticoagulation.

MAIN OUTCOMES AND MEASURES The main outcome was sICH within 36 hours after IVT,
defined as worsening of at least 4 points on the National Institutes of Health Stroke Scale
and attributed to radiologically evident intracranial hemorrhage. Outcomes were compared
according to different selection strategies (DOAC-level measurements, DOAC reversal
treatment, IVT with neither DOAC-level measurement nor idarucizumab). The association
of sICH with DOAC plasma levels and very recent ingestions was explored in sensitivity
analyses.

RESULTS Of 33 207 included patients, 14 458 (43.5%) were female, and the median (IQR) age
was 73 (62-80) years. The median (IQR) National Institutes of Health Stroke Scale score was
9 (5-16). Of the 832 patients taking DOAC, 252 (30.3%) received DOAC reversal before IVT
(all idarucizumab), 225 (27.0%) had DOAC-level measurements, and 355 (42.7%) received
IVT without measuring DOAC plasma levels or reversal treatment. The unadjusted rate of
sICH was 2.5% (95% CI, 1.6-3.8) in patients taking DOACs compared with 4.1% (95% CI,
3.9-4.4) in control patients using no anticoagulants. Recent DOAC ingestion was associated
with lower odds of sICH after IVT compared with no anticoagulation (adjusted odds ratio,
0.57; 95% CI, 0.36-0.92). This finding was consistent among the different selection strategies
and in sensitivity analyses of patients with detectable plasma levels or very recent ingestion.

CONCLUSIONS AND RELEVANCE In this study, there was insufficient evidence of excess
harm associated with off-label IVT in selected patients after ischemic stroke with recent
DOAC ingestion.

JAMA Neurol. 2023;80(3):233-243. doi:10.1001/jamaneurol.2022.4782
Published online January 3, 2023. Corrected on February 6, 2023.
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U se of direct oral anticoagulants (DOACs), including
apixaban, dabigatran, edoxaban, and rivaroxaban, has
emerged as the primary stroke prevention option in

patients with nonvalvular atrial fibrillation (AF).1 Addition-
ally, new indications for DOACs are constantly being identi-
fied, such as for the treatment of vascular diseases (ie, ve-
nous thrombosis, pulmonary embolism, stable coronary heart
disease, and peripheral artery disease). It is estimated that since
the transition from vitamin K antagonists (VKA) to DOACs, ev-
ery sixth patient with stroke otherwise qualifying for intrave-
nous thrombolysis (IVT) has a prescription for DOACs.2,3 As for
VKA with an international normalized ratio (INR) greater than
1.7,4-6 guidelines recommend the exclusion of patients with
recent ingestion of DOACs (within 48 hours previously) from
receiving IVT should they have an ischemic stroke.5,6 This
recommendation is based on the presumption of an in-
creased risk of symptomatic intracranial hemorrhage (sICH),
but data to support or refute this presumption are lacking. Data
from studies on VKA cannot be translated to DOACs,7-14 which
have a 50% lower risk of intracranial hemorrhage compared
with warfarin.1 Furthermore, in experimental ischemic stroke,
DOACs did not increase the risk of hemorrhage after IVT,
whereas warfarin did.15-18 Different selection strategies, in-
cluding the use of DOAC reversal agents prior to IVT,8,9 selec-
tion of patients with low anticoagulant activity at DOAC plasma
level measurement,19 or point-of-care coagulation assays, have
been suggested,20-22 yet the available evidence originates
from comparably small case series7-14,23 with single-center
experience19,24-26 and measuring DOAC plasma levels is not
possible in many hospitals worldwide,3 questioning the fea-
sibility of this approach.

We established an international, multicenter, retrospec-
tive cohort study including both published and unpublished
data to address this unanswered clinical question. We aimed
to compare (1) the risk of sICH in patients with recent inges-
tion of DOACs receiving IVT as treatment for acute ischemic
stroke with that in controls not taking DOACs and (2) the rela-
tive safety of different selection strategies for IVT in patients
with recent ingestion of DOACs, namely DOAC-level measure-
ments, DOAC reversal prior to IVT, and patients knowingly
thrombolyzed but without measurement of DOAC plasma lev-
els or reversal as well as inadvertent IVT with DOAC use sub-
sequently discovered. Our hypothesis was that with cur-
rently used selection strategies, the risk of sICH is not higher
in patients with recent ingestion of DOACs than in controls who
do not take anticoagulants.

Methods
Study Design and Data Source
In this investigator-initiated international, multicenter, retro-
spective analysis, we pooled individual patient data from
published and unpublished cohort studies following the
Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE) reporting guideline. We identified
potential contributing centers by a systematic search of the
literature based on published studies on IVT in patients with

recent ingestion of DOACs or prospective IVT or all-stroke
registries (that may include patients with recent ingestion
of DOACs). To do so, we searched PubMed/EMBASE using
a predefined search strategy combining Medical Subject
Headings terms and keywords with the concepts of ischemic
stroke, DOAC and IVT (eTable 1 in Supplement 1). We used
additional references from articles if relevant information was
provided. We included publications in English up to July 31,
2021. The identified centers were contacted and invited to
participate. Where legally necessary, enrolled patients or next
of kin provided written informed consent, and the protocol was
approved by relevant local ethics committees.

Academic investigators undertook the design, data col-
lection, and analysis. The site investigators gathered the data,
and monitoring and central pooling were performed by the cen-
tral sites. The lead authors (T.R.M., D.W., T.Y.W., J.C.P., and
D.J.S.) had unrestricted data access, and the analysis was per-
formed by 2 independent clinician scientists (T.R.M. and D.W.).
Background and details of the study design have been depos-
ited previously (CRD42021277825), and the study is now closed
to participation.

Patients and Participating Centers
The study included patients from 64 centers worldwide re-
cruited between 2008 and 2021. Most were tertiary care cen-
ters that offer IVT and mechanical thrombectomy 24 hours a
day. Adult patients 18 years and older were eligible if they had
an acute ischemic stroke, had confirmed ingestion of a DOAC
within the last 48 hours, and underwent IVT (alteplase, dos-
age according to local guidelines, ie, 0.6 mg/kg bodyweight in
Japan and 0.9 mg/kg bodyweight for all other centers; tenect-
eplase, 0.25 mg/kg dose only27). There was no limit with re-
gard to time window for IVT. We excluded patients whose last
known DOAC ingestion was more than 48 hours before stroke
onset. No other exclusion criteria were applied, and centers
were encouraged to provide records of consecutive patients
over the study time frame. For the comparison group, we in-
cluded patients who had ischemic stroke treated with IVT but
received no prior anticoagulation therapy (ie, no VKA with INR
greater than 1.7 or DOAC) from the prospective Thrombolysis

Key Points
Question Is the recent use of direct oral anticoagulants
(confirmed ingestion within 48 hours) associated with increased
risk of symptomatic intracranial hemorrhage following intravenous
thrombolysis for ischemic stroke?

Findings In this cohort study including 33 207 patients with
ischemic stroke who received intravenous thrombolysis at 64
centers in Europe, Asia, Australia, and New Zealand, the risk of
symptomatic intracranial hemorrhage was lower among the 832
patients taking direct oral anticoagulant treatment compared
with controls with no anticoagulation. This result was consistent
among subgroups and different selection strategies.

Meaning This study found insufficient evidence of excess harm
associated with the use of off-label intravenous thrombolysis
in selected patients who had taken a direct oral anticoagulant
within the previous 48 hours.
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significantly from those who did not (eTables 4 and 5 in
Supplement 1).

Primary Outcome
Information on sICH was available for all 832 patients with re-
cent ingestion of DOACs (100%) and 32 035 of 32 375 controls
(98.9%). Overall, 1345 patients (4.1%; 95% CI, 3.9-4.3) devel-
oped sICH within 36 hours after IVT administration. The un-
adjusted rate of sICH was 2.5% (95% CI, 1.6-3.8) in patients tak-
ing DOACs compared with 4.1% (95% CI, 3.9-4.4) in control
patients using no anticoagulants. After adjustment for stroke
severity and other baseline sICH predictors, patients with re-
cent ingestion of DOACs who received IVT had lower odds of
developing sICH (adjusted OR, 0.57; 95% CI, 0.36-0.92;
P = .02). There was no difference between the differing selec-

tion strategies (Table 3), and results were consistent in differ-
ent sensitivity analyses (Table 4; eTable 6 in Supplement 1).

Secondary Outcomes
Overall, 3724 patients (17.5%; 95% CI, 17.0-18.0) developed any
ICH within 36 hours after IVT administration. The unad-
justed rate of any ICH was 18.0% (95% CI, 15.4-20.9) in pa-
tients taking DOACs compared with 17.4% (95% CI, 16.9-18.0)
in control patients who used no anticoagulants. After adjust-
ment, there was no difference in the odds for any ICH be-
tween the groups (adjusted OR, 1.18; 95% CI, 0.95-1.45; P = .14).

Functional outcome at 90 days was known for 664 pa-
tients with recent ingestion of DOACs (79.8%) and 29 026 con-
trols (87.4%) (eTables 7 and 8 in Supplement 1). Patients with
missing outcome data had a similar prognostic profile. Over-

Table 3. Outcomes of Patients With Acute Ischemic Stroke Treated With Intravenous Thrombolysis by Selection Strategy

Outcome
Controls
(n = 32 035)

All patients with
recent ingestion
of DOACs
(n = 832)

DOAC plasma
levels measured
(n = 225)

Idarucizumab
(n = 252)

Neither known levels
nor idarucizumab
(n = 355)

Primary outcome

Symptomatic intracranial hemorrhage
within 36 h, % (95% CI)

4.1 (3.9-4.4) 2.5 (1.6-3.8) 3.1 (1.3-6.3) 1.2 (0.2-3.4) 3.1 (1.6-5.5)

Unadjusted OR (95% CI) NA 0.62 (0.40-0.96) 0.66 (0.31-1.40) 0.30 (0.09-0.92) 0.84 (0.46-1.53)

P value NA .03 .28 .04 .56

Adjusted OR (95% CI) NA 0.57 (0.36-0.92) 0.56 (0.26-1.21) 0.36 (0.09-1.48) 0.66 (0.35-1.25)

P value NA .02 .14 .16 .20

Secondary outcomes

Any hemorrhagic transformation on follow-up
imaging within 36 h, % (95% CI)

17.4 (16.9-18.0) 18.0 (15.4-20.9) 20.5 (15.4-26.4) 7.8 (4.5-12.4) 22.2 (18.0-26.9)

Unadjusted OR (95% CI) NA 1.03 (0.85-1.24) 1.23 (0.89-1.71) 0.38 (0.23-0.63) 1.40 (1.07-1.83)

P value NA .78 .21 <.001 .02

Adjusted OR (95% CI) NA 1.18 (0.95-1.45) 1.13 (0.80-1.59) 0.57 (0.32-1.01) 1.58 (1.16-2.14)

P value NA .14 .49 .06 .003

Functional independence at 90 d, % (95% CI) 57 (56-57) 45 (41-49) 40 (33-47) 54 (46-62) 44 (38-50)

Unadjusted OR (95% CI) NA 0.62 (0.53-0.73) 0.50 (0.37-0.67) 0.91 (0.66-1.25) 0.60 (0.48-0.74)

P value NA <.001 <.001 .55 <.001

Adjusted OR (95% CI) NA 1.13 (0.94-1.36) 0.85 (0.61-1.19) 1.27 (0.84-1.91) 1.29 (0.99-1.68)

P value NA .20 .34 .26 .06

Abbreviations: DOAC, direct oral anticoagulant; NA, not applicable; OR, odds ratio.

Table 4. Prespecified Sensitivity Analyses

Subgroup
Total,
No.

Association of DOAC intake
with sICH <36 h,
adjusted OR (95% CI) P value

Geographical region

Europe 474 0.60 (0.35-1.03) .07

Asia 209 0.63 (0.23-1.74) .37

Australia and New Zealand 149 0.34 (0.04-2.67) .31

Standard Operating Procedure available
at the study center

Yes 729 0.54 (0.32-0.93) .03

No 103 1.19 (0.37-3.83) .77

Documented DOAC plasma levels >100 ng/mL
or proven ingestion <12 h before IVT

Yes 252 0.57 (0.23-1.42) .23

No 580 0.57 (0.33-0.98) .04

Abbreviations: DOAC, direct oral
anticoagulant; IVT, intravenous
thrombolysis; OR, odds ratio;
sICH, symptomatic intracranial
hemorrhage.
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ment, experienced more severe stroke, and were more likely
to have a large vessel occlusion. Antiplatelet therapy was more
frequent in controls. In patients receiving anticoagulation, AF
was the most common indication. In selected centers that pro-
vided data on patients taking DOAC not receiving IVT (eTable 2
in Supplement 1), 19% (95% CI, 17-20) of IVT-eligible patients
taking DOACs received IVT. The baseline comparison showed
that those not receiving IVT were older, had a higher preva-
lence of vascular risk factors except smoking, had a higher de-
gree of prestroke disability, had a longer time from symptom
onset to admission, experienced less severe stroke, and were

less likely to be treated with mechanical thrombectomy
(eTable 3 in Supplement 1).

Of the patients taking DOACs, 355 (42.7%) were treated
with IVT without measurement of DOAC plasma levels or
administration of DOAC reversal, 252 (30.3%) received DOAC
reversal prior to IVT (all idarucizumab among patients taking
dabigatran), and for 225 (27.0%) of those selected, measure-
ment of DOAC plasma levels was available. Information on
latest ingestion, laboratory values, and details of acute
recanalization treatment according to the selection strate-
gies are presented in Table 2. Patients who had sICH differed

Table 2. Details on Medication, Laboratory Workup, and Acute Recanalization Therapy
According to the Selection Strategy Used

Measure
Total,
No.

No. (%)

P
value

DOAC plasma
levels measured
(n = 225)

Neither known
levels nor
idarucizumab
(n = 355)

Idarucizumab
(n = 252)

Age, median (IQR), y 832 80 (73-87) 79 (72-84) 77 (71-83) .005

Sex

Female
832

111 (49.3) 160 (45.1) 84 (33.3)
<.001

Male 114 (50.7) 195 (54.9) 168 (66.7)

NIHSS score, median (IQR) 828 10 (6-16) 13 (7-18) 10 (6-16) .006

Type of anticoagulation used

Dabigatran

832

15 (6.7) 75 (21.1) 252 (100)

<.001

Rivaroxaban 119 (52.9) 139 (39.2) 0

Apixaban 73 (32.4) 90 (25.4) 0

Edoxaban 18 (8.0) 50 (14.1) 0

DOAC agent not specified 0 1 (0.3) 0

Time from last ingestion to
admission

<12 h

832

39 (17.3) 73 (20.6) 130 (51.6)

<.001
12-24 h 48 (21.3) 78 (22.0) 32 (12.7)

24-48 h 43 (19.1) 59 (16.6) 1 (0.4)

Exact time point unknown
but <48 h

95 (42.2) 145 (40.8) 89 (35.3)

Time from last ingestion to
admission, median (IQR), h

503 14.4 (9-24) 14 (9.51667-25) 7 (4.75-11) <.001

International normalized
ratio, median (IQR)

674 1.1 (1-1.2) 1.1 (1.02-1.2) 1.13 (1.1-1.2) .001

Activated partial thrombin
time, median (IQR), s

664 29 (26-33) 30 (27-34) 37 (29-46) <.001

Thrombin time, median
(IQR), s

260 16.6 (15.2-18.3) 14.6 (11.4-17.4) 81.4 (43.9-120.0) <.001

DOAC plasma level, median
(IQR), ng/mL

244 21 (4.6-46) NA 83 (27-134) NA

Type of intravenous
thrombolysis used

Alteplase
831

223 (99.1) 351 (99.2) 206 (81.7)
<.001

Tenecteplase 2 (0.9) 3 (0.8) 46 (18.3)

Time from symptom onset
to intravenous thrombolysis,
median (IQR), h

632 155 (105-230) 145 (97-190) 159 (120-202) .03

Mechanical thrombectomy 832 79 (35.1) 139 (39.2) 67 (26.6) .005

Time from symptom onset
to groin puncture, median
(IQR), h

199 188 (100-274) 182 (148-225) 296 (205-367) <.001

Symptomatic intracranial
hemorrhage within 36 h

832 7 (3.1) 11 (3.1) 3 (1.2) .27

Any hemorrhagic
transformation within 36 h

784 46 (20.5) 79 (22.3) 16 (7.8) <.001

Abbreviations: DOAC, direct oral
anticoagulant; NA, not applicable;
NIHSS, National Institutes of Health
Stroke Scale.
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BACKGROUND
The effect of early as compared with later initiation of direct oral anticoagulants 
(DOACs) in persons with atrial fibrillation who have had an acute ischemic stroke 
is unclear.

METHODS
We performed an investigator-initiated, open-label trial at 103 sites in 15 countries. 
Participants were randomly assigned in a 1:1 ratio to early anticoagulation (within 
48 hours after a minor or moderate stroke or on day 6 or 7 after a major stroke) or 
later anticoagulation (day 3 or 4 after a minor stroke, day 6 or 7 after a moderate 
stroke, or day 12, 13, or 14 after a major stroke). Assessors were unaware of the 
trial-group assignments. The primary outcome was a composite of recurrent ische-
mic stroke, systemic embolism, major extracranial bleeding, symptomatic intracranial 
hemorrhage, or vascular death within 30 days after randomization. Secondary out-
comes included the components of the composite primary outcome at 30 and 90 days.

RESULTS
Of 2013 participants (37% with minor stroke, 40% with moderate stroke, and 23% 
with major stroke), 1006 were assigned to early anticoagulation and 1007 to later 
anticoagulation. A primary-outcome event occurred in 29 participants (2.9%) in 
the early-treatment group and 41 participants (4.1%) in the later-treatment group 
(risk difference, −1.18 percentage points; 95% confidence interval [CI], −2.84 to 
0.47) by 30 days. Recurrent ischemic stroke occurred in 14 participants (1.4%) in 
the early-treatment group and 25 participants (2.5%) in the later-treatment group 
(odds ratio, 0.57; 95% CI, 0.29 to 1.07) by 30 days and in 18 participants (1.9%) 
and 30 participants (3.1%), respectively, by 90 days (odds ratio, 0.60; 95% CI, 0.33 
to 1.06). Symptomatic intracranial hemorrhage occurred in 2 participants (0.2%) 
in both groups by 30 days.

CONCLUSIONS
In this trial, the incidence of recurrent ischemic stroke, systemic embolism, major 
extracranial bleeding, symptomatic intracranial hemorrhage, or vascular death at 
30 days was estimated to range from 2.8 percentage points lower to 0.5 percentage 
points higher (based on the 95% confidence interval) with early than with later 
use of DOACs. (Funded by the Swiss National Science Foundation and others; 
ELAN ClinicalTrials.gov number, NCT03148457.)
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Secondary Outcomes
Major extracranial bleeding by 30 days after ran-
domization occurred in 3 participants (0.3%) in 
the early-treatment group and 5 participants 
(0.5%) in the later-treatment group (odds ratio, 
0.63; 95% CI, 0.15 to 2.38). Symptomatic intra-
cranial hemorrhage by 30 days occurred in 2 par-
ticipants (0.2%) in both groups (odds ratio, 1.02; 
95% CI, 0.16 to 6.59). Recurrent ischemic stroke 
by 30 days occurred in 14 participants (1.4%) in 
the early-treatment group and 25 participants 
(2.5%) in the later-treatment group (odds ratio, 
0.57; 95% CI, 0.29 to 1.07) (Table 2 and Fig. 2).

The incidence of a composite-outcome event 
(recurrent ischemic stroke, systemic embolism, 
major extracranial bleeding, symptomatic intra-
cranial hemorrhage, or vascular death) at 90 
days was 3.7% in the early-treatment group and 

5.6% in the later-treatment treatment group 
(odds ratio, 0.65; 95% CI, 0.42 to 0.99); this was 
not prespecified as a secondary outcome, so 
these results should be considered exploratory. 
The cumulative rates of recurrent ischemic stroke 
at 90 days were 1.9% in the early-treatment 
group and 3.1% in the later-treatment group 
(odds ratio, 0.60; 95% CI, 0.33 to 1.06). The in-
cidence of symptomatic intracranial hemorrhage 
was 0.2% in both groups (odds ratio, 1.00; 95% 
CI, 0.15 to 6.45). Other secondary outcomes at 
30 and 90 days are shown in Table 2 and Table 
S6. Time-to-event analyses of binary outcomes, 
including recurrent ischemic stroke through 90 
days, are shown in Table S8. Figure S1 shows the 
cumulative probabilities for risk-difference thresh-
olds for the primary outcome and its compo-
nents. The curve in Figure S1A indicates a 98% 

Figure 2. The Primary Composite Outcome and Its Components at 30 and 90 Days.

Shown are point estimates (squares) and two-sided 95% confidence intervals (horizontal bars) for the treatment ef-
fect, which was defined as a risk difference between the trial groups (early initiation of DOAC minus later initiation 
of DOAC). The absolute and relative numbers of events in each group are shown. The risk difference is derived from 
a penalized logistic regression adjusted for stratification factors. The widths of the confidence intervals were not ad-
justed for multiple comparisons, and the reported confidence intervals should not be used for hypothesis testing.
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probability that early treatment with DOACs 
would increase the risk of a primary-outcome 
event by no more than 0.5 percentage points, 
and Figure S1B shows these probabilities for the 
components of the primary outcome.

Safety
Any serious adverse event by 90 days occurred in 
132 participants (13.9%) in the early-treatment 
group and 157 participants (15.8%) in the later-
treatment group (Table 2). Further details re-
garding adverse events are provided in Tables S3 
through S5.

Sensitivity, Per-Protocol, and Subgroup 
Analyses

The sensitivity analyses of the primary outcome 
under several assumptions and with the use of 
different statistical models showed results that 
were similar to those of the primary analysis 
(Table S7). Results for the primary and second-
ary outcomes in the per-protocol population 
were similar to those in the main analysis (Table 
S9). No apparent heterogeneity of effects across 
prespecified subgroups with the use of treat-
ment-by-covariate terms was observed, but the 
trial was not powered to analyze subgroups and 

Table 2. Primary and Secondary Efficacy Outcomes.

Outcome

Early-Treatment 
Group 

(N = 1006)

Later-Treatment 
Group 

(N = 1007)
Adjusted Odds Ratio 

(95% CI)*

no./total no. (%)

Primary outcome: composite outcome 
at 30 days

29/1006 (2.9)† 41/1007 (4.1)† 0.70 (0.44 to 1.14)‡

Secondary outcomes at 30 days

Major extracranial bleeding 3/984 (0.3) 5/991 (0.5) 0.63 (0.15 to 2.38)

Symptomatic intracranial hemorrhage 2/984 (0.2) 2/991 (0.2) 1.02 (0.16 to 6.59)

Recurrent ischemic stroke 14/984 (1.4) 25/991 (2.5) 0.57 (0.29 to 1.07)

Systemic embolism 4/984 (0.4) 9/991 (0.9) 0.48 (0.14 to 1.42)

Vascular death 11/984 (1.1) 10/991 (1.0) 1.12 (0.47 to 2.65)

Nonmajor bleeding 30/984 (3.0) 27/991 (2.7) 1.13 (0.67 to 1.93)

Modified Rankin scale score ≤2§ 624/997 (62.6) 626/1000 (62.6) 0.93 (0.79 to 1.09)

Secondary outcomes at 90 days

Major extracranial bleeding 3/968 (0.3) 8/965 (0.8) 0.40 (0.10 to 1.31)

Symptomatic intracranial hemorrhage 2/968 (0.2) 2/965 (0.2) 1.00 (0.15 to 6.45)

Recurrent ischemic stroke 18/968 (1.9) 30/965 (3.1) 0.60 (0.33 to 1.06)

Systemic embolism 4/968 (0.4) 10/965 (1.0) 0.42 (0.12 to 1.21)

Vascular death 17/968 (1.8) 16/965 (1.7) 1.04 (0.52 to 2.08)

Death from any cause¶ 45/994 (4.5) 48/995 (4.8) 0.93 (0.61 to 1.43)

Nonmajor bleeding 39/968 (4.0) 41/965 (4.2) 0.94 (0.59 to 1.47)

Modified Rankin scale score ≤2§ 659/989 (66.6) 654/994 (65.8) 0.93 (0.79 to 1.09)

Any serious adverse event∥ 132/947 (13.9) 157/993 (15.8)

*  The analyses were stratified according to or adjusted for age, NIHSS score at admission, and infarct size. The widths 
of the 95% confidence intervals (CIs) were not adjusted for multiple comparisons and should therefore not be used for 
inference about treatment effects.

†  For the estimation of the primary outcome, data on 22 participants in the early-treatment group and 16 participants in 
the later-treatment group were imputed.

‡  The between-group risk difference for the primary outcome was −1.18 percentage points (−2.84 to 0.47).
§  The modified Rankin scale was analyzed with the use of ordinal logistic regression, and the incidences and percentages 

shown are the values of 2 or less.
¶  One death occurred at day 99 after randomization; therefore, it is not counted in the secondary outcomes.
∥  An odds ratio was not provided for this outcome because it was not calculated with the same methods used to calculate 

the other outcomes.
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Thrombektomie mit oder ohne IV
Lyse?

Mit Lyse !!!
Mit Lyse nur bis 3 h ???
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n=206

Thrombekotomie 6-24 h vs BMT

Clinical/infarct-mismatch

(Group A: > 80j, NIHSS > 10, infarct core < 21ml; 
Group B: < 80j, NIHSS > 20, infarct core 31-51ml; 
Infarct core by DWI or PCT (CBV))

N= 180

Thrombekotomie 6-16 h vs BMT

Diffusion/Perfusion mismatch > 1.8

(Infarct < 70 ml; RAPID)

Nogueira 2017 Albers 2018
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Weches Imaging?
Ist nCT bei large vessel occlusion 

ausreichend? 
Brauche ich noch CTP oder MRT?

•  1604 pat. Mit LVO und 6-24 h; 
mögliche MT

• Selektion durch CT (534), CTP (752) 
und MRT (318)

• Klinischer Benefit gleich in CT vs 
CTP

• Blutungsraten gleich in CT vs CTP 

Bald nur noch nCT und CTA?

(Nguyen et al, JAMA Neurol 2022)
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MT> 24h?
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MT bei niedrigem NIHSS?

25



MT bei großem Infarkt?

Conclusions
In a trial conducted in China, patients with large cerebral infarctions had better 
outcomes with endovascular therapy administered within 24 hours than with medical 
management alone but had more intracranial hemorrhages. (Funded by Covidien 
Healthcare International Trading [Shanghai] and others; ANGEL-ASPECT 
ClinicalTrials.gov number, NCT04551664. opens in new tab.)
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Association of Thrombectomy With Functional Outcome for Patients
With Ischemic Stroke Who Presented in the Extended Time Window
With Extensive Signs of Infarction
Gabriel Broocks, MD; Uta Hanning, MD; Matthias Bechstein, MD; Sarah Elsayed, MD; Tobias D. Faizy, MD; Caspar Brekenfeld, MD; Fabian Flottmann, MD;
Helge Kniep, MD; Milani Deb-Chatterji, MD; Gerhard Schön, MSc; Götz Thomalla, MD; André Kemmling, MD; Jens Fiehler, MD; Lukas Meyer, MD;
for the German Stroke Registry–Endovascular Treatment (GSR-ET) Study Group

Abstract

IMPORTANCE Only limited data are available about a potential benefit associated with
endovascular treatment (EVT) for patients with ischemic stroke presenting in the extended time
window who also show signs of extensive infarction.

OBJECTIVE To assess the association of recanalization after EVT with functional outcomes for
patients with ischemic stroke presenting in the extended time window who also show signs of
extensive infarction.

DESIGN, SETTING, AND PARTICIPANTS This retrospective, multicenter cohort study included
patients enrolled in the German Stroke Registry–Endovascular Treatment with an Alberta Stroke
Program Early CT Score (ASPECTS) of 5 or less who presented between 6 and 24 hours after stroke
onset and underwent computed tomography and subsequent EVT between July 1, 2015, and
December 31, 2019.

MAIN OUTCOMES AND MEASURES The primary end point was a modified Rankin Scale (mRS)
score of 3 or less at day 90. The association between recanalization (defined as the occurrence of a
modified Thrombolysis in Cerebral Infarction Scale score of 2b or 3) and outcome was assessed using
logistic regression and inverse probability weighting analysis.

INTERVENTION Endovascular treatment.

RESULTS Of 5853 patients, 285 (5%; 146 men [51%]; median age, 73 years [IQR, 62-81 years]) met
the inclusion criteria and were analyzed. Of these 285 patients, 79 (27.7%) had an mRS score of 3 or
less at day 90. The rate of successful recanalization was 75% (215 of 285) and was independently
associated with a higher probability of reaching an mRS score of 3 or less (adjusted odds ratio, 4.39;
95% CI, 1.79-10.72; P < .001). In inverse probability weighting analysis, a modified Thrombolysis in
Cerebral Infarction Scale score of 2b or 3 was associated with a 19% increase (95% CI, 9%-29%;
P < .001) in the probability for an mRS score of 3 or more. Multivariable logistic regression analysis
suggested a significant treatment benefit associated with vessel recanalization in a time window of
up to 17.6 hours and ASPECTS of 3 to 5. The rate of secondary symptomatic intracerebral hemorrhage
was 6.3% (18 of 285).

CONCLUSIONS AND RELEVANCE In this cohort study reflecting daily clinical practice, vessel
recanalization for patients with a low ASPECTS and extended time window was associated with
better functional outcomes in a time window up to 17.6 hours and ASPECTS of 3 to 5. The results of

(continued)

Key Points
Question Is endovascular
recanalization associated with better
functional outcome for patients with
ischemic stroke who present in the
extended time window with extensive
signs of infarction?

Findings In this cohort study of 5853
patients, the rate of successful vessel
recanalization was 75% and was
independently associated with a higher
rate of favorable outcomes, defined as a
modified Rankin Scale score of 3 or less.

Meaning The findings of this study
suggest that endovascular treatment for
patients with ischemic stroke and
extensive signs of infarction who
present in the extended time window
was associated with better functional
outcomes, encouraging randomized
clinical trials to investigate the
treatment of patients with ischemic
stroke presenting in the extended time
window who also show signs of
extensive infarction.
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IMPORTANCE Only limited data are available about a potential benefit associated with
endovascular treatment (EVT) for patients with ischemic stroke presenting in the extended time
window who also show signs of extensive infarction.

OBJECTIVE To assess the association of recanalization after EVT with functional outcomes for
patients with ischemic stroke presenting in the extended time window who also show signs of
extensive infarction.
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Program Early CT Score (ASPECTS) of 5 or less who presented between 6 and 24 hours after stroke
onset and underwent computed tomography and subsequent EVT between July 1, 2015, and
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MAIN OUTCOMES AND MEASURES The primary end point was a modified Rankin Scale (mRS)
score of 3 or less at day 90. The association between recanalization (defined as the occurrence of a
modified Thrombolysis in Cerebral Infarction Scale score of 2b or 3) and outcome was assessed using
logistic regression and inverse probability weighting analysis.

INTERVENTION Endovascular treatment.

RESULTS Of 5853 patients, 285 (5%; 146 men [51%]; median age, 73 years [IQR, 62-81 years]) met
the inclusion criteria and were analyzed. Of these 285 patients, 79 (27.7%) had an mRS score of 3 or
less at day 90. The rate of successful recanalization was 75% (215 of 285) and was independently
associated with a higher probability of reaching an mRS score of 3 or less (adjusted odds ratio, 4.39;
95% CI, 1.79-10.72; P < .001). In inverse probability weighting analysis, a modified Thrombolysis in
Cerebral Infarction Scale score of 2b or 3 was associated with a 19% increase (95% CI, 9%-29%;
P < .001) in the probability for an mRS score of 3 or more. Multivariable logistic regression analysis
suggested a significant treatment benefit associated with vessel recanalization in a time window of
up to 17.6 hours and ASPECTS of 3 to 5. The rate of secondary symptomatic intracerebral hemorrhage
was 6.3% (18 of 285).

CONCLUSIONS AND RELEVANCE In this cohort study reflecting daily clinical practice, vessel
recanalization for patients with a low ASPECTS and extended time window was associated with
better functional outcomes in a time window up to 17.6 hours and ASPECTS of 3 to 5. The results of
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Inverse Probability Weighting Analysis
The average treatment effect of recanalization was calculated using inverse probability weighting
analyses with favorable outcome (mRS score of 0-3), functional independence (mRS score of 0-2),
and ENI as dependent variables, adjusted for age, NIHSS score on admission, alteplase administration
(yes or no), and ASPECTS. The propensity score overlap was tested to demonstrate that the positivity
assumption was not significantly violated. No significant probability mass was seen near 0 and 1, and
the 2 estimated densities had most of their respective masses in regions in which they overlap. Thus,
there was no evidence that the overlap assumption was violated (eFigure 1 in Supplement 1). The
estimated average treatment effect of successful recanalization (ie, mTICI score of 2b or 3) increased
19% (95% CI, 9%-29%; P < .001) in the likelihood of a favorable outcome, 16% (95% CI, 8%-24%;
P < .001) in the likelihood of functional independence, and 14% (95% CI, 3%-25%; P = .01) in the
likelihood of binary ENI. The association of successful recanalization with outcome was confirmed
among the subgroup of patients with a 12- to 24-hour time window, evidencing an estimated average
treatment effect of 24% (95% CI, 23%-26%; P < .001) for a favorable outcome and 18% (95% CI,
17%-20%; P < .001) for functional independence. There was, however, no significant association of
recanalization with ENI for patients with a 12- to 24-hour time window (3%; 95% CI, −16% to
22%; P = .75).

Figure 1. Association of Baseline Alberta Stroke Program Early CT Score (ASPECTS) and Recanalization
With Favorable Outcome
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The graph illustrates the association of recanalization
with favorable outcomes (modified Rankin Scale
[mRS] score of 0-3) according to the baseline
ASPECTS. Error bars indicate 95% CIs, which overlap
for ASPECTS of 0 to 2.

Figure 2. Association of Time and Recanalization With Estimated Favorable Outcome
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Abstract

IMPORTANCE Only limited data are available about a potential benefit associated with
endovascular treatment (EVT) for patients with ischemic stroke presenting in the extended time
window who also show signs of extensive infarction.

OBJECTIVE To assess the association of recanalization after EVT with functional outcomes for
patients with ischemic stroke presenting in the extended time window who also show signs of
extensive infarction.

DESIGN, SETTING, AND PARTICIPANTS This retrospective, multicenter cohort study included
patients enrolled in the German Stroke Registry–Endovascular Treatment with an Alberta Stroke
Program Early CT Score (ASPECTS) of 5 or less who presented between 6 and 24 hours after stroke
onset and underwent computed tomography and subsequent EVT between July 1, 2015, and
December 31, 2019.

MAIN OUTCOMES AND MEASURES The primary end point was a modified Rankin Scale (mRS)
score of 3 or less at day 90. The association between recanalization (defined as the occurrence of a
modified Thrombolysis in Cerebral Infarction Scale score of 2b or 3) and outcome was assessed using
logistic regression and inverse probability weighting analysis.

INTERVENTION Endovascular treatment.

RESULTS Of 5853 patients, 285 (5%; 146 men [51%]; median age, 73 years [IQR, 62-81 years]) met
the inclusion criteria and were analyzed. Of these 285 patients, 79 (27.7%) had an mRS score of 3 or
less at day 90. The rate of successful recanalization was 75% (215 of 285) and was independently
associated with a higher probability of reaching an mRS score of 3 or less (adjusted odds ratio, 4.39;
95% CI, 1.79-10.72; P < .001). In inverse probability weighting analysis, a modified Thrombolysis in
Cerebral Infarction Scale score of 2b or 3 was associated with a 19% increase (95% CI, 9%-29%;
P < .001) in the probability for an mRS score of 3 or more. Multivariable logistic regression analysis
suggested a significant treatment benefit associated with vessel recanalization in a time window of
up to 17.6 hours and ASPECTS of 3 to 5. The rate of secondary symptomatic intracerebral hemorrhage
was 6.3% (18 of 285).

CONCLUSIONS AND RELEVANCE In this cohort study reflecting daily clinical practice, vessel
recanalization for patients with a low ASPECTS and extended time window was associated with
better functional outcomes in a time window up to 17.6 hours and ASPECTS of 3 to 5. The results of
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Findings In this cohort study of 5853
patients, the rate of successful vessel
recanalization was 75% and was
independently associated with a higher
rate of favorable outcomes, defined as a
modified Rankin Scale score of 3 or less.

Meaning The findings of this study
suggest that endovascular treatment for
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extensive signs of infarction who
present in the extended time window
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clinical trials to investigate the
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MT bei mRS>2?
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MT: später Patient, der nicht 
„passt“….
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Basilar Artery Occlusion BAO
MT mit IVT?:

ATTENTION Studie    BAOCHE Studie
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Therapieoptionen  
mit Gefäßverschluss

Frühes Zeitfenster:

Thrombektomie  mit Lyse (wenn möglich)

Spätes Zeitfenster:

Penumbrabildgebung durch MRT (DW/PW-mismatch) oder durch 
Perfusions CT (CBV oder CBF/TTP-mismatch)

oder
Infarktkern (MRT/pCT) vs. klinische Beeinträchtigung (!)

…check your local stroke manual…
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Lyse nach DWI/FLAIR Mismatch
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BACKGROUND
Under current guidelines, intravenous thrombolysis is used to treat acute stroke only if 
it can be ascertained that the time since the onset of symptoms was less than 4.5 hours. 
We sought to determine whether patients with stroke with an unknown time of onset 
and features suggesting recent cerebral infarction on magnetic resonance imaging 
(MRI) would benefit from thrombolysis with the use of intravenous alteplase.
METHODS
In a multicenter trial, we randomly assigned patients who had an unknown time 
of onset of stroke to receive either intravenous alteplase or placebo. All the patients 
had an ischemic lesion that was visible on MRI diffusion-weighted imaging but no 
parenchymal hyperintensity on fluid-attenuated inversion recovery (FLAIR), which 
indicated that the stroke had occurred approximately within the previous 4.5 hours. 
We excluded patients for whom thrombectomy was planned. The primary end point 
was favorable outcome, as defined by a score of 0 or 1 on the modified Rankin scale 
of neurologic disability (which ranges from 0 [no symptoms] to 6 [death]) at 90 days. 
A secondary outcome was the likelihood that alteplase would lead to lower ordinal 
scores on the modified Rankin scale than would placebo (shift analysis).
RESULTS
The trial was stopped early owing to cessation of funding after the enrollment of 503 
of an anticipated 800 patients. Of these patients, 254 were randomly assigned to re-
ceive alteplase and 249 to receive placebo. A favorable outcome at 90 days was re-
ported in 131 of 246 patients (53.3%) in the alteplase group and in 102 of 244 patients 
(41.8%) in the placebo group (adjusted odds ratio, 1.61; 95% confidence interval [CI], 
1.09 to 2.36; P = 0.02). The median score on the modified Rankin scale at 90 days 
was 1 in the alteplase group and 2 in the placebo group (adjusted common odds ratio, 
1.62; 95% CI, 1.17 to 2.23; P = 0.003). There were 10 deaths (4.1%) in the alteplase group 
and 3 (1.2%) in the placebo group (odds ratio, 3.38; 95% CI, 0.92 to 12.52; P = 0.07). 
The rate of symptomatic intracranial hemorrhage was 2.0% in the alteplase group and 
0.4% in the placebo group (odds ratio, 4.95; 95% CI, 0.57 to 42.87; P = 0.15).
CONCLUSIONS
In patients with acute stroke with an unknown time of onset, intravenous alteplase 
guided by a mismatch between diffusion-weighted imaging and FLAIR in the region 
of ischemia resulted in a significantly better functional outcome and numerically more 
intracranial hemorrhages than placebo at 90 days. (Funded by the European Union 
Seventh Framework Program; WAKE-UP ClinicalTrials.gov number, NCT01525290; 
and EudraCT number, 2011-005906-32.)
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In the per-protocol population, treatment with 
alteplase was associated with an adjusted odds 
ratio of the primary efficacy outcome of 1.54 
(95% CI, 1.02 to 2.32; P = 0.04) (Table S1 in the 
Supplementary Appendix).

Safety Outcomes
In the safety population at 90 days, death or an 
inability to live independently (score on the 
modified Rankin scale, 4 to 6) occurred in 33 of 
244 patients (13.5%) in the alteplase group and 
44 of 241 patients (18.3%) in the placebo group 
(adjusted odds ratio, 0.68; 95% CI, 0.39 to 1.18; 
P = 0.17) (Table 3). Death was reported in 10 pa-
tients (4.1%) in the alteplase group and in 3 pa-
tients (1.2%) in the placebo group (adjusted odds 
ratio, 3.38; 95% CI, 0.92 to 12.52; P = 0.07). In 
the alteplase group, 4 deaths were attributed to 
symptomatic intracranial hemorrhage and 1 to 
recurrent ischemic stroke 12 days after treatment. 
The other 5 deaths were attributed to noncerebral 
causes unrelated to the initial stroke or treat-
ment. In one of the patients who died from symp-
tomatic intracranial hemorrhage, the central im-
age-reading board determined that the initial 
lesion volume exceeded one third of the territory 
of the middle cerebral artery, which constituted 

a violation of the protocol for inclusion in the 
trial. A second patient who died had uncontrolled 
hypertension within the first hours after treat-
ment. The other 2 patients who died from symp-
tomatic intracranial hemorrhage had been treat-
ed according to the protocol.

Parenchymal hemorrhage type 2 occurred 
more frequently in the alteplase group (4.0%) 
than in the placebo group (0.4%; adjusted odds 
ratio, 10.46; 95% CI, 1.32 to 82.77; P = 0.03). No 
significant difference between groups was ob-
served for various definitions of symptomatic 
intracranial hemorrhage, although the frequency 
of such events was higher in the alteplase group 
(Table 3). The rate of symptomatic intracranial 
hemorrhage according to the definition of the 
Safe Implementation of Thrombolysis in Stroke 
Monitoring Study16 was 2.0% in the alteplase 
group versus 0.4% in the placebo group (P = 0.15). 
Recurrent symptomatic ischemic stroke and 
space-occupying brain infarction were more fre-
quent with alteplase than with placebo (6.8% vs. 
3.3% for recurrent symptomatic stroke and 2.4% 
vs. 0.8% for brain infarction).

In the alteplase group, 56 patients (22.3%) had 
at least one serious adverse event, as compared 
with 52 patients (21.3%) in the placebo group 
(P = 0.83). Serious adverse events in the category 
of nervous system disorders, which included 
symptomatic intracranial hemorrhage and recur-
rent stroke, were more frequent with alteplase 
than with placebo (13.5% vs. 8.6%). A detailed 
list of serious adverse events is provided in Table 
S4 in the Supplementary Appendix.

Analysis of Prespecified Subgroups
Early discontinuation of the trial did not provide 
adequate statistical power to analyze differences 
in subgroups. No evidence of heterogeneity of 
treatment effect was detected in the two prespeci-
fied subgroups of age and severity of stroke as 
assessed on the NIHSS (Fig. S2 in the Supple-
mentary Appendix).

Discussion

In this trial involving patients with an unknown 
time of onset of stroke who presented with MRI 
findings of an ischemic lesion on diffusion-
weighted imaging but no clearly visible signal 
change in the corresponding region on FLAIR, 

Figure 2. Distribution of Scores on the Modified Rankin Scale at 90 Days 
(Intention-to-Treat Population).

Shown are the differences in the scores on the modified Rankin scale 
among patients in the alteplase group and the placebo group at 90 days. 
Scores range from 0 to 6, with 0 indicating no symptoms, 1 no clinically 
significant disability, 2 slight disability, 3 moderate disability, 4 moderately 
severe disability, 5 severe disability, and 6 death. Numbers indicate round-
ed proportions. There was a significant difference favoring the alteplase 
group over the placebo group in the overall distribution of scores (adjusted 
common odds ratio, 1.62; 95% confidence interval, 1.17 to 2.23; P = 0.003).
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2.23; unadjusted P = 0.003) (Fig. 2). The propor-
tion of patients who had a treatment response at 
90 days that was defined in relation to the sever-
ity of stroke at baseline was higher in the alteplase 
group than in the placebo group (72 of 246 pa-
tients [29.3%] and 44 of 244 patients [18.0%], re-
spectively). Measures of quality of life at 90 days 
(including the scores on two EQ-5D scales) nu-

merically favored treatment with alteplase, but 
the infarct volume at 22 to 36 hours after random-
ization was similar in the two groups (3 ml in the 
alteplase group and 3.3 ml in the placebo group), 
and the global outcome scores were numerically 
similar (Table 2). The effect of alteplase on the 
global outcome score was not significant after 
correction for multiple testing.

Outcome
Alteplase Group 

(N = 254)
Placebo Group 

(N = 249) Effect Variable
Adjusted Value 

(95% CI)† P Value

Primary efficacy end point

Favorable outcome at 90 days —  
no./total no. (%)‡

131/246 (53.3) 102/244 (41.8) Odds ratio 1.61 
(1.09 to 2.36)

0.02

Secondary efficacy end points

Median score on modified Rankin 
scale at 90 days (IQR)§

1 (1 to 3) 2 (1 to 3) Common odds 
 ratio

1.62 
(1.17 to 2.23)

0.003¶

Correlation between treatment re-
sponse at 90 days and deficit level 
at baseline — no./total no. (%)∥

72/246 (29.3) 44/244 (18.0) Odds ratio 1.88 
(1.22 to 2.89)

0.004¶

Global Outcome Score at 90 days** Odds ratio 1.47 
(1.07 to 2.04)

0.02¶

Median score on Beck Depression 
Inventory at 90 days (IQR)††

6.0 (2.0 to 11.0) 7.0 (2.0 to 14.0) Mean difference 
 (loge)

−0.04 
(−0.22 to 0.15)

0.69¶

Total score on EQ-5D at 90 days‡‡ 1.9±2.1 2.4±2.4 Mean difference −0.52 
(−0.88 to −0.16)

0.004¶

Score on visual analog scale on  
EQ-5D at 90 days§§

72.6±19.7 64.9±23.8 Mean difference 7.64 
(3.75 to 11.51)

<0.001¶

Median infarct volume at 22–36 hr 
(IQR) — ml ¶¶

3.0 (0.8 to 17.7) 3.3 (1.1 to 16.6) Mean difference 
 (loge)

−0.16 
(−0.47 to 0.15)

0.32¶

*  EQ-5D denotes EuroQol–5 Dimensions.
†  Odds ratios, common odds ratios, and differences are for the alteplase group, as compared with the placebo group. Odds ratios and com-

mon odds ratios were adjusted for stratification factors (i.e., age and symptom severity) at randomization but were not adjusted for multi-
ple comparisons.

‡  A favorable outcome was defined as a score of 0 or 1 on the modified Rankin scale of neurologic disability (which ranges from 0 [no symp-
toms] to 6 [death]) at 90 days. A total of 8 patients in the alteplase group and 5 in the placebo group were lost to follow-up.

§  The between-group comparison of median scores on the modified Rankin scale was analyzed by means of a logistic-regression model.
¶  P values and confidence intervals for secondary outcomes have not been adjusted for multiple comparisons and cannot be used for hy-

pothesis testing or inference. The values are shown for reference to a post hoc calculation of a P value adjusted for seven secondary out-
come comparisons. Post hoc adjustment for multiple comparisons of secondary outcomes by means of the Bonferroni method required a 
significance level of P<0.007.

∥  A correlation between the treatment response at 90 days and the deficit level at baseline was defined as a score of 0 on the modified 
Rankin scale among patients with mild deficits at study entry (NIHSS score, ≤7), a score of 0 or 1 among patients with moderate deficits 
(NIHSS score, 8 to 14), and a score of 0 to 2 among patients with severe deficits (NIHSS score, >14).

**  The Global Outcome Score is a multidimensional calculation of a favorable outcome that combines the estimation of treatment effect on 
four different scales into a single odds ratio, so there is no corresponding global numerator. The four measures are a score or 0 or 1 on 
the modified Rankin scale and on the NIHSS, a score of 95 to 100 on the Barthel Index (which assesses 10 categories of daily function 
and ranges from 0 to 100, with higher values indicating better independent function), and a score of 5 on the Glasgow Outcome Scale 
(which ranges from 1 to 5, with higher values indicating better neurologic recovery).

††  Scores on the Beck Depression Inventory range from 0 to 63, with higher scores indicating more severe depressive symptoms.
‡‡  Total scores on the EQ-5D scale range from 0 to 10, with higher values indicating more problems across the five dimensions of mobility, 

self-care, usual activities, pain or discomfort, and anxiety or depression.
§§  Scores on the EQ-5D visual analog scale range from 0 (indicating the worst imaginable health state) to 100 (indicating the best imagin-

able health state).
¶¶  The infarct volume was measured on diffusion-weighted imaging 22 to 36 hours after randomization. The final infarct volume was missing 

for 27 patients in the alteplase group and 15 in the placebo group.

Table 2. Primary and Secondary Efficacy Outcomes (Intention-to-Treat Population).*
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Therapieoptionen im unbekannten Zeitfenster, 
jedoch < 9h (auch Wake Up Stroke)

ohne Gefäßverschluss

Falls Wake Up: Bestimmung des 4,5 h Zeitfenster mittels DWI/FLAIR MRT 
  (alternativ gfs. Perfusions CT*)

Falls 4,5-9h: Mismatchbildgebung zur Frage tissue at risk durch 
   - MRT (DW/PW-mismatch) oder
   - Perfusions CT (z.B. CBV/MTT-mismatch)

…check your local stroke manual…

33



Was ist das Zeitfenster?

Wie relevant ist der stroke?

Ist Patient:in lysefähig?

Infarktkern?

Target vessel?

Mismatch?

Alter des Stroke 

Alltagsrelevanz 

Alteplase (noch)

 
Wahl der Bildgebung

Die 3+3  Fragen der Schlaganfallversorgung 

= 3A

Gewebe 

Gefässe 

Gewinn

= 3G

34



Intracranielle Blutungen

• Intrazerebral
• Epidural
• Subdural
• Subarachnoideal
• SVT

35



ICB vs Hirninfarkt
- Keine kausale Therapie (Lyse/Thrombektomie)
- Keine „TIA“ als Warnsignal
- Therapiefenster unklar
- Geringere Evidenzlage für Therapie (Häufigkeit)
- Schwerer Defizit (Gewebsläsion)
- Schnelle Dekompensation (infratentoriell)
- RR Kontrolle und Gerinnungskontrolle essentiell

 Therapie immer auf SU oder IMC/ITS

Lancet Neurology 2018;17:885-894 36



ICB: Hauptfragen

• Überwachung
• Bildgebung? Kontrolle?
• RR Kontrolle
• Gerinnungskontrolle
• Operative Therapie

37



ICB: RR Kontrolle und Studien

Lancet Neurology 2018;17:885-894 

Name Inhalt Ergebnis

INTERACT
Anderson et al., 
Lancet Neurol 2008

Intensive (< 140 mm Hg) vs. mässige 
(140-180 mmHg) RR Senkung; meist 
Urapidil

Intensive Senkung reduziert Volumenzunahme

INTERACT2
Anderson et la. 
NEJM 2013

s. INTERACT Klinischer Endpunkt (mRS 0-2) nicht signifikant besser; aber: 
Shift -Analyse zeigt Vorteil der intensiven RR Therapie

ATACH2
Qureshi et al. NEJM 
2016

S. INTERACT plus Korridor für intensive 
RR Senkung: 140-110 mm Hg

Klinischer Endpunkt (mRS 0-3)

Post hoc 
Analyse 
ATACH2
Li et al Ann Neurolo 
2020

Volumenzunahme 24 h geringer und funktionelles Outcome nach 3 Monaten besser, wenn: 
RR Senkung innerhalb 2 h nach ICB startet
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ICB: RR Therapie
- RR Senkung in RCT oft zu spät !
- Falls frühe RR Kontrolle > klinischer Benefit!
- Falls RR zu tief: Niereninsuffizienz
-  Time is brain !

RR syst 140-100 mmHg innerhalb von 2 h
(RR syst. Sollte nicht unter 90 mmHg gehen) 

LL DGN 2021 39



RR Senkung im RTW?: INTERACT 4

Ergebnisse: ESOC 2024



ICB unter NOAK

PPSB: wenig Evidenz
aber klinische Realität

(Prothrombin-konzentrat: II, VII, IX)

www.brainkart.com

41

Idarucizumab Andexanet 
alfa

PPSB

Target Dabigatran
(spezifisch)

Apixaban/
Rivaroxaban 
(spezifisch)

Gerinnungsfak
toren (varia)

Spezifität +++ +++ +

Dosis 2x 
Kurzinfusion; 

fixe Dosis

Bolus + 
Kurzinfusion; 2 

Regimes

Kurzinfusion, 
nach KG 

adaptiert

Zulassung + + -

Kosten ++ +++ +



Kuramatsu et al  2015, JAMA

Hämatomwachstum bei ICB unter OAK

42



ICB unter OAK: RR- und INR-Kontrolle
„time ist brain“ in ICB

Kuramatsu et al  2015, JAMA 43



ICB: offene operative Therapie

STICH , STICH II
Reanalyse STICH
 

OP (=chirurgische Hämatomausräumung) bei 
supratentorieller ICB

kann erwogen werden,
 falls oberflächlich, lobär, ohne Ventrikeleinbruch

Übersicht in: Sondag et al, Ann Neurol 2020; LL DGN 2021 44



ICB: minimalinvasive Evakuation 
plus Thrombolyse

MISTIE, MISTIE III
 

Minimalinvasive Hämatomevakuation plus intrathekale 
Thrombolyse kann bei akuter spontaner ICB > 30 ml 

Volumen  erwogen werden i.R. einer klinischen Studie

Übersicht in: Sondag et al, Ann Neurol 2020; LL DGN 2021 45SWITCH ???



ICB und Operation: SWITCH
Articles
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Decompressive craniectomy plus best medical treatment 
versus best medical treatment alone for spontaneous 
severe deep supratentorial intracerebral haemorrhage: 
a randomised controlled clinical trial
Jürgen Beck, Christian Fung, Daniel Strbian, Lukas Bütikofer, Werner J Z’Graggen, Matthias F Lang, Seraina Beyeler, Jan Gralla, Florian Ringel, 
Karl Schaller, Nikolaus Plesnila, Marcel Arnold, Werner Hacke, Peter Jüni, Alexander David Mendelow, Christian Stapf, Rustam Al-Shahi Salman, 
Jenny Bressan, Stefanie Lerch, Arsany Hakim, Nicolas Martinez-Majander, Anna Piippo-Karjalainen, Peter Vajkoczy, Stefan Wolf, 
Gerrit A Schubert, Anke Höllig, Michael Veldeman, Roland Roelz, Andreas Gruber, Philip Rauch, Dorothee Mielke, Veit Rohde, Thomas Kerz, 
Eberhard Uhl, Enea Thanasi, Hagen B Huttner, Bernd Kallmünzer, L Jaap Kappelle, Wolfgang Deinsberger, Christian Roth, Robin Lemmens, 
Jan Leppert, Jose L Sanmillan, Jonathan M Coutinho, Katharina A M Hackenberg, Gernot Reimann, Mikael Mazighi, Claudio L A Bassetti, 
Heinrich P Mattle, Andreas Raabe, Urs Fischer, on behalf of the SWITCH study investigators*

Summary
Background It is unknown whether decompressive craniectomy improves clinical outcome for people with spontaneous 
severe deep intracerebral haemorrhage. The SWITCH trial aimed to assess whether decompressive craniectomy plus 
best medical treatment in these patients improves outcome at 6 months compared to best medical treatment alone.

Methods In this multicentre, randomised, open-label, assessor-blinded trial conducted in 42 stroke centres in Austria, 
Belgium, Finland, France, Germany, the Netherlands, Spain, Sweden, and Switzerland, adults (18–75 years) with a 
severe intracerebral haemorrhage involving the basal ganglia or thalamus were randomly assigned to receive either 
decompressive craniectomy plus best medical treatment or best medical treatment alone. The primary outcome was 
a score of 5–6 on the modified Rankin Scale (mRS) at 180 days, analysed in the intention-to-treat population. This trial 
is registered with ClincalTrials.gov, NCT02258919, and is completed. 

Findings SWITCH had to be stopped early due to lack of funding. Between Oct 6, 2014, and April 4, 2023, 201 individuals 
were randomly assigned and 197 gave delayed informed consent (96 decompressive craniectomy plus best medical 
treatment, 101 best medical treatment). 63 (32%) were women and 134 (68%) men, the median age was 61 years 
(IQR 51–68), and the median haematoma volume 57 mL (IQR 44–74). 42 (44%) of 95 participants assigned to 
decompressive craniectomy plus best medical treatment and 55 (58%) assigned to best medical treatment alone had an 
mRS of 5–6 at 180 days (adjusted risk ratio [aRR] 0·77, 95% CI 0·59 to 1·01, adjusted risk difference [aRD] −13%, 95% CI 
−26 to 0, p=0·057). In the per-protocol analysis, 36 (47%) of 77 participants in the decompressive craniectomy plus best 
medical treatment group and 44 (60%) of 73 in the best medical treatment alone group had an mRS of 5–6 (aRR 0·76, 
95% CI 0·58 to 1·00, aRD −15%, 95% CI −28 to 0). Severe adverse events occurred in 42 (41%) of 103 participants 
receiving decompressive craniectomy plus best medical treatment and 41 (44%) of 94 receiving best medical treatment. 

Interpretation SWITCH provides weak evidence that decompressive craniectomy plus best medical treatment might 
be superior to best medical treatment alone in people with severe deep intracerebral haemorrhage. The results do not 
apply to intracerebral haemorrhage in other locations, and survival is associated with severe disability in both groups.

Funding Swiss National Science Foundation, Swiss Heart Foundation, Inselspital Stiftung, and Boehringer Ingelheim.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 
license. 

Introduction
Spontaneous intracerebral haemorrhage accounts for 
3·4 million of about 12·2 million strokes worldwide each 
year.1 Treatment of people with severe deep supratentorial 
intracerebral haemorrhage is a major unresolved issue in 
stroke management. Apart from a care bundle protocol, 
all pharmacological and surgical treatment approaches 
have failed to reduce morbidity and mortality.2–4 Neither 
the STICH I and II trials nor the MISTIE trial showed 

superiority of haematoma evacuation compared with best 
medical treatment in people with intracerebral 
haemorrhage.5–7 The ENRICH-ICH trial, testing early 
minimally invasive surgery, showed an effect for lobar 
rather than deep intracerebral haemorrhage.8

Decompressive craniectomy in people with malignant 
middle cerebral artery infarction reduces mortality and 
improves functional outcome.9,10 It is unknown whether 
decompressive craniectomy is beneficial in people with 
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Decompressive craniectomy plus best medical treatment 
versus best medical treatment alone for spontaneous 
severe deep supratentorial intracerebral haemorrhage: 
a randomised controlled clinical trial
Jürgen Beck, Christian Fung, Daniel Strbian, Lukas Bütikofer, Werner J Z’Graggen, Matthias F Lang, Seraina Beyeler, Jan Gralla, Florian Ringel, 
Karl Schaller, Nikolaus Plesnila, Marcel Arnold, Werner Hacke, Peter Jüni, Alexander David Mendelow, Christian Stapf, Rustam Al-Shahi Salman, 
Jenny Bressan, Stefanie Lerch, Arsany Hakim, Nicolas Martinez-Majander, Anna Piippo-Karjalainen, Peter Vajkoczy, Stefan Wolf, 
Gerrit A Schubert, Anke Höllig, Michael Veldeman, Roland Roelz, Andreas Gruber, Philip Rauch, Dorothee Mielke, Veit Rohde, Thomas Kerz, 
Eberhard Uhl, Enea Thanasi, Hagen B Huttner, Bernd Kallmünzer, L Jaap Kappelle, Wolfgang Deinsberger, Christian Roth, Robin Lemmens, 
Jan Leppert, Jose L Sanmillan, Jonathan M Coutinho, Katharina A M Hackenberg, Gernot Reimann, Mikael Mazighi, Claudio L A Bassetti, 
Heinrich P Mattle, Andreas Raabe, Urs Fischer, on behalf of the SWITCH study investigators*

Summary
Background It is unknown whether decompressive craniectomy improves clinical outcome for people with spontaneous 
severe deep intracerebral haemorrhage. The SWITCH trial aimed to assess whether decompressive craniectomy plus 
best medical treatment in these patients improves outcome at 6 months compared to best medical treatment alone.

Methods In this multicentre, randomised, open-label, assessor-blinded trial conducted in 42 stroke centres in Austria, 
Belgium, Finland, France, Germany, the Netherlands, Spain, Sweden, and Switzerland, adults (18–75 years) with a 
severe intracerebral haemorrhage involving the basal ganglia or thalamus were randomly assigned to receive either 
decompressive craniectomy plus best medical treatment or best medical treatment alone. The primary outcome was 
a score of 5–6 on the modified Rankin Scale (mRS) at 180 days, analysed in the intention-to-treat population. This trial 
is registered with ClincalTrials.gov, NCT02258919, and is completed. 

Findings SWITCH had to be stopped early due to lack of funding. Between Oct 6, 2014, and April 4, 2023, 201 individuals 
were randomly assigned and 197 gave delayed informed consent (96 decompressive craniectomy plus best medical 
treatment, 101 best medical treatment). 63 (32%) were women and 134 (68%) men, the median age was 61 years 
(IQR 51–68), and the median haematoma volume 57 mL (IQR 44–74). 42 (44%) of 95 participants assigned to 
decompressive craniectomy plus best medical treatment and 55 (58%) assigned to best medical treatment alone had an 
mRS of 5–6 at 180 days (adjusted risk ratio [aRR] 0·77, 95% CI 0·59 to 1·01, adjusted risk difference [aRD] −13%, 95% CI 
−26 to 0, p=0·057). In the per-protocol analysis, 36 (47%) of 77 participants in the decompressive craniectomy plus best 
medical treatment group and 44 (60%) of 73 in the best medical treatment alone group had an mRS of 5–6 (aRR 0·76, 
95% CI 0·58 to 1·00, aRD −15%, 95% CI −28 to 0). Severe adverse events occurred in 42 (41%) of 103 participants 
receiving decompressive craniectomy plus best medical treatment and 41 (44%) of 94 receiving best medical treatment. 

Interpretation SWITCH provides weak evidence that decompressive craniectomy plus best medical treatment might 
be superior to best medical treatment alone in people with severe deep intracerebral haemorrhage. The results do not 
apply to intracerebral haemorrhage in other locations, and survival is associated with severe disability in both groups.

Funding Swiss National Science Foundation, Swiss Heart Foundation, Inselspital Stiftung, and Boehringer Ingelheim.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 
license. 

Introduction
Spontaneous intracerebral haemorrhage accounts for 
3·4 million of about 12·2 million strokes worldwide each 
year.1 Treatment of people with severe deep supratentorial 
intracerebral haemorrhage is a major unresolved issue in 
stroke management. Apart from a care bundle protocol, 
all pharmacological and surgical treatment approaches 
have failed to reduce morbidity and mortality.2–4 Neither 
the STICH I and II trials nor the MISTIE trial showed 

superiority of haematoma evacuation compared with best 
medical treatment in people with intracerebral 
haemorrhage.5–7 The ENRICH-ICH trial, testing early 
minimally invasive surgery, showed an effect for lobar 
rather than deep intracerebral haemorrhage.8

Decompressive craniectomy in people with malignant 
middle cerebral artery infarction reduces mortality and 
improves functional outcome.9,10 It is unknown whether 
decompressive craniectomy is beneficial in people with 
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41 (43%) of 96 participants in the decompressive 
craniectomy plus best medical treatment group and 
52 (51%) of 101 in the best medical treatment alone group 
(aRR 0·81, 95% CI 0·60 to 1·08, aRD −10%, 95% CI 
−23 to 4); 21 (22%) of 96 and 30 (31%) of 101 participants 
had died (aRR 0·70, 95% CI 0·45 to 1·08, aRD −9%, 
95% CI −21 to 2). 

The intracerebral haemorrhage volume at 48 h and the 
extent of post-haemorrhagic brain defects at 180 days 
were similar in both groups (median 56 mL, IQR 43–77 
and 20 mL, IQR 8–38 in the decompressive craniectomy 
plus best medical treatment group and 59 mL, IQR 43–75 
and 24 mL, IQR 8–40 in the best medical treatment alone 
group, mean difference 0·68 mL, 95% CI −2·92 to 4·28 
and −0·51 mL, 95% CI −16·60 to 15·57). 15 (19%) of 
80 participants in the decompressive craniectomy plus 
best medical treatment group and six (8%) of 74 in the 
best medical treatment alone group had a CSF shunt at 

180 days (aRR 2·30, 95% CI 0·85 to 6·26, aRD 10%, 
95% CI −1 to 21).

Participants in the decompressive craniectomy plus 
best medical treatment group stayed in hospital for a 
median of 19·5 days (IQR 11·0–30·0) and those in the 
best medical treatment alone group for 23·5 days 
(IQR 16·0–31·0, time ratio 0·74, 95% CI 0·57 to 0·95). 

Per-protocol analysis, an analysis including partici-
pants who died (for outcomes not defined in case of 
death), and a complete case analysis of the secondary 
outcomes were consistent with the primary results 
(appendix pp 22–32).

At the end of the study, participants in the 
decompressive craniectomy plus best medical treatment 
group were asked whether they would have undergone 
surgery again and 48 (77%) of 62 answered yes.

42 (41%) of 103 participants receiving decompressive 
craniectomy plus best medical treatment had a total of 

Decompressive craniectomy plus 
best medical treatment (n=96)

Best medical treatment alone 
(n=101)

Adjusted effect (95% CI)* p value†

N‡ (imputed) N (%) or median 
(IQR)

N‡ (imputed) N (%) or median 
(IQR)

Primary outcome (mRS 5–6 at 180 days)

Complete cases (main analysis) 95 42 (44%) 95 55 (58%) RR 0·77 (0·59 to 1·01); RD −13% (−26 to 0) 0·057

With multiple imputations 96 (1) 43 (45%) 101 (6) 59 (58%) RR 0·76 (0·59 to 0·99); RD −14% (−27 to 0) 0·042

Secondary efficacy outcomes

mRS 5–6 at 365 days 96 (3) 41 (43%) 101 (12) 52 (51%) RR 0·81 (0·60 to 1·08); RD −10% (−23 to 4) 0·15

Mortality at 180 days 96 16 (17%) 101 27 (27%) RR 0·61 (0·36 to 1·01); RD −11% (−21 to 0) 0·065

Mortality at 365 days 96 21 (22%) 101 30 (31%) RR 0·70 (0·45 to 1·08); RD −9% (−21 to 2) 0·14

mRS 4–6 at 180 days 96 (1) 83 (86%) 101 (6) 87 (86%) RR 0·99 (0·89 to 1·11); RD −1% (−10 to 9) 0·89

mRS at 180 days 96 (1) 4 (4−5) 101 (6) 5 (4 to 6) Common OR 0·57 (0·34 to 0·97); 
Mann−Whitney statistic§ 0·43 (0·35 to 0·50)

0·039; 
0·074 (0·046)¶

NIHSS at 180 days 80 (22) 12 (8−15) 74 (30) 11 (8−16) MD −0·64 (−2·99 to 1·71) 0·59

GCS at 180 days 80 (17) 15 (13−15) 74 (23) 15 (13−15) MD −0·03 (−0·83 to 0·78) 0·95

Length of hospital stay, days 81 19·5 (11·0−30·0) 74 23·5 (16·0−31·0) TR 0·74 (0·57 to 0·95) 0·018

Quality-of-life dimensions at 180 days

Problems with mobility 80 (3) 75 (94%) 74 (11) 69 (93%) RR 1·00 (0·91 to 1·11); RD 0 (−9 to 9) 0·67

Problems with self-care 80 (3) 75 (94%) 74 (11) 68 (92%) RR 1·02 (0·92 to 1·13); RD 2% (−7 to 11) 0·63

Problems with usual activities|| 80 (3) 80 (100%) 74 (11) 73 (99%) RR 1·02 (0·97 to 1·09); RD 2% (−3 to 8) 0·42

Problems with pain or discomfort 80 (4) 38 (48%) 74 (13) 53 (72%) RR 0·66 (0·50 to 0·87); RD −25% (−40 to −9) 0·0030

Problems with anxiety or depression 80 (10) 48 (60%) 74 (15) 53 (72%) RR 0·83 (0·65 to 1·07); RD −12% (−28 to 4) 0·14

Visual analogue scale 80 (20) 32 (13−53) 74 (26) 31 (16 to 55) MD −1·15 (−10·91 to 8·60) 0·82

Secondary efficacy outcomes evaluated on imaging

Intracerebral haemorrhage volume at 48 h, mL 95 (1) 56 (43−77) 99 (10) 59 (43−76) MD 0·68 (−2·92 to 4·28) 0·71

Size of infarction or post-haemorrhagic brain 
defect at 180 days, mL

82 (21) 20 (8−38) 74 (49) 24 (8−40) MD −0·51 (−16·60 to 15·57) 0·95

Presence of CSF shunt at 180 days 80 (1) 15 (19%) 74 (11) 6 (8%) RR 2·30 (0·85 to 6·26); RD 10% (−1 to 21) 0·083

Graeb score at 48 h** 95 (2) 3·0 (1·0−5·0) 99 (11) 3·0 (0·2−5·0) MD 0·35 (0·03 to 0·67) 0·031

All time points are relative to the randomisation—ie, indicate the time since randomisation. CSF=cerebrospinal fluid. GCS=Glasgow Coma Scale. NIHSS=National Institutes of Health Stroke Scale. MD=mean 
difference. mRS=modified Rankin Scale. OR=odds ratio. RD=risk difference. RR=risk ratio. TR=time ratio. *The analyses were stratified or adjusted for the minimisation factors used at randomisation. †No 
adjustment for multiple testing was made for any of the secondary outcomes. ‡Number of non-missing data. §The probability that a random participant from the decompressive craniectomy plus best medical 
treatment group has a worse outcome (higher mRS) than a random participant from the best medical treatment alone group. ¶Crude p value from Mann–Whitney–Wilcoxon test (stratified p value from a 
van Elteren test). ||Analysed with Firth logistic regression due to rare or frequent events. **The Graeb score at 180 days was 0 for all but one participant and not included in the analysis. 

Table 2: Primary and secondary efficacy outcomes



ICB: sonstige Massnahmen

Externe Ventrikeldrainange (EVD) bei 
intraventrikulärer ICB und Hydrozephalus
(Keine RCT Daten)

EVD mit intrathekaler Thrombolyse: CLEAR III

EVD mit intrathekaler Thrombolyse und lumbaler 
Drainage

ICP Messung: ICP > 20 mm Hg prädiktiv für schlechtes 
outcome

(Hanley et al., Lancet 2017; Staykov et al. , Ann Neurol 2016; Hawryluk  et al. JAMA Neurol 2020)47



ICB: infratentoriell

 

Kuramatsu et al. 2019: 
 - Registerdaten für n= 6580
 - n= 152 infratentoriellen Pat. mit/ohne Evakuation
 - nur Effekte auf Überleben nach 3 und 12 Monaten

 
Kuramatsu et al. , JAMA 2019; LL DGN 2021

Bei spontaner zerebellärer Blutung > 15 ml Volumen 
kann eine Hämatomevakuation erwogen werden
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