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ABSTRACT
Six randomized controlled clinical trials have assessed
whether mechanical thrombectomy (MT) alone is non-
inferior to intravenous thrombolysis (IVT) plus MT within
4.5 hours of symptom onset in patients with anterior
circulation large vessel occlusion (LVO) ischemic stroke and
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process was initiated by the European Stroke Organisation
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For stroke patients with anterior circulation LVO directly
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admitted to a MT-capable center (’mothership’) within
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4.5 hours of symptom onset and eligible for both treatments,
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MT, we recommend IVT followed by rapid transfer to a MT
capable-center (’drip-and-ship’) in preference to omitting IVT
(low evidence, strong recommendation). Expert consensus
statements on ischemic stroke on awakening from sleep
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INTRODUCTION

Intravenous thrombolysis (IVT) with alteplase was
the first acute ischemic stroke reperfusion therapy
proven to be effective, initially within 3 hours1
and later within 4.5 hours,2 and was more recently

proven for patients with ischemic stroke on awakening.3 4 This evidence led to the evolution of an
effective infrastructure for acute stroke care in
Europe and elsewhere. On this established infrastructural backbone, mechanical thrombectomy
(MT) showed encouraging results in single arm
studies and subsequently was proven to have a major
therapeutic effect in several randomized controlled
clinical trials (RCTs), demonstrating the superiority
of MT combined with IVT (‘bridging therapy‘) over
IVT alone in patients with a large vessel occlusion
(LVO). Among patients with acute ischemic stroke
and no contraindications to IVT, bridging therapy
is the standard treatment for LVO within the first
4.5 hours after symptom onset.5
With accumulating experience and the proven
effectiveness of MT even in patients with IVT
contraindications, it was highly relevant to assess
whether MT as a stand-
alone therapy would be
sufficient even in patients eligible for IVT. Within
the last few months, four RCTs have been published
comparing MT alone (direct MT) with bridging
therapy.6–9 An early meta-
analysis suggested that
MT alone may be non-inferior to MT plus IVT
with alteplase, but this conclusion was not based
on stringent non-
inferiority margins and only
included data from the first three RCTs.10 After
the recent presentation of the results of the SWIFT
DIRECT and DIRECT-
SAFE trials and without
further RCTs on this topic to be presented in the
near future,11 12 the time appeared appropriate for
the European Stroke Organisation (ESO) and the
European Society of Minimally Invasive Neurological Therapy (ESMINT) to coordinate and publish
an expedited recommendation on the role of IVT
before MT.

METHODS

This joint expedited recommendation was initiated
by the ESO and prepared according to the ESO
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standard operating procedure,13 14 which is based on the Grading
of Recommendations, Assessment, Development and Evaluations
(GRADE) system.15 The ESO and ESMINT Guideline Boards
and Executive Committees reviewed the intellectual and financial disclosures of all module working group (MWG) members
(online supplemental table 1) and approved the composition of
the group, which was chaired by Guillaume Turc and Jens Fiehler.
The steps undertaken by the MWG are summarized as follows:
1. The single topic of whether IVT should be administered
before MT in patients with LVO acute ischemic stroke was
considered in this expedited recommendation. However,
the MWG deemed it to be important to consider separately
the role of IVT in those patients directly admitted to a
thrombectomy-
capable center (‘mothership’) versus those
admitted to a stroke unit without thrombectomy facilities
(‘drip-and-ship’ paradigm); this is because the average time
between the start of IVT infusion and arterial puncture
differs markedly between these two treatment paradigms.
2. A list of relevant outcomes was produced and rated by each
MWG member using secret ballot voting on a scale from 1
(not important) to 9 (extremely important). The mean value
for each outcome is reported below. According to GRADE,
five outcomes were considered to be of critical importance
(mean score of 7–9).
– Good (clinical) outcome,16 defined as 90-day modified
Rankin Scale (mRS) scores 0–2: 8.8
– Reduced disability16 (≥1 point reduction across all mRS
scores at 90 days): 7.7
– Excellent outcome,16 defined as 90-day mRS scores 0–1:
7.6
– Symptomatic intracranial hemorrhage (sICH): 7.2
– Mortality at 90 days: 7.0
– Successful reperfusion (modified Treatment In Cerebral
Ischemia (mTICI) score ≥2 b) at the end of the endovascular procedure: 6.4
– Time between symptom onset and successful reperfusion:
5.5
– Time between door and successful reperfusion: 5.3
– Distal embolization or embolization in a new territory:
5.3
– First-pass complete reperfusion: 5.1
– Time between arterial puncture and reperfusion: 5.1
– Time between symptom onset and arterial puncture: 4.9
– Time between door and arterial puncture: 4.9
– Infarct volume at 24–36 hours defined by expert neuroradiologists: 4.9
– Any ICH: 4.6
– Number of passes: 3.8
–
Based on this expert vote, good outcome (mRS 0–2 at
90 days) was defined as the outcome of highest priority and was considered first. Unless specified otherwise,
reduced disability16 corresponded to a reduction of at
least one point in the mRS score at 90 days across all
mRS grades (‘shift analysis’). sICH was defined according to each study’s original criterion. In the case of
limited data for the outcomes of highest importance,
outcomes of lesser importance were also considered.
3. The MWG formulated a list of Population, Intervention,
Comparator, Outcome (PICO) questions, which were reviewed and subsequently approved by external reviewers
and members of the ESO and ESMINT Guidelines Boards
and Executive Committees.
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4. The recommendation for the first PICO question was based
on a systematic review of RCTs of direct MT versus bridging therapy. To this aim, we have updated the results of a
previously published systematic review that was conducted up to January 2021.10 We have applied the same search
strategy for a period from January 2021 to December 2021.
We have also included results of RCTs presented at international conferences but which were not published at the
time of preparation of this document. For the second PICO
question, no RCT was available. We have therefore included non-randomized studies identified in a recent systematic
review in our quantitative synthesis.17
5. The risk of bias in each RCT was assessed using the Cochrane
Collaboration’s Risk of Bias 2 (RoB2) tool.18
6. Whenever appropriate, random-effects meta-analyses were
conducted using Stata software version 16.0 (Statacorp).
Results were summarized as odds ratios (ORs) or common
ORs (cORs) with 95% confidence interval (95% CI). For
mRS-related outcomes, risk ratios (RRs) were used as summary measures in sensitivity analyses. Heterogeneity across
studies was assessed using the I2 statistic. Heterogeneity was
classified as low (I2 <30%), moderate (I2 ≥30%), substantial (I2 ≥50%), or considerable (I2 ≥75%).
7. Before statistical analyses were conducted the MWG decided that the assessment of non-inferiority would be based on
the absolute difference (‘risk difference’ (RD)) in the proportions of patients achieving good outcome between the
two treatment groups (MT alone vs bridging therapy, the
latter being the reference group). A non-inferiority margin
was chosen via secret ballot voting. The minimal and maximal values for a non-inferiority margin advocated by MWG
members were 1% and 5%, respectively. A majority (10/18)
of MWG members voted for a margin of 1.3%, which corresponds to the median minimal clinically important difference in a survey of US stroke neurologists.19 Therefore,
we prespecified that for the present expedited recommendation, non-inferiority would be met if the lower 95% CI
boundary of the random-effects pooled RD was superior
or equal to −1.3%. For the main analysis, random-effects
pooled RD was calculated using the DerSimonian and Laird
method.20 We also conducted two sensitivity analyses to
calculate the pooled RD. The first one was based on (1)
the random-effects pooled proportion of patients with good
outcome in the bridging therapy arm, and (2) the random-
effects pooled RR (95% CI) for good outcome. The second sensitivity analysis corresponded to the calculation of
a fixed-effect pooled RD (inverse variance method). No p
value for non-inferiority was computed.
8. The results of data analyses were imported into the
GRADEpro Guideline Development Tool (McMaster
University, 2015; developed by Evidence Prime, Inc). For
each PICO question and each outcome, the risk of bias
was assessed and the quality of evidence was rated as high,
moderate, low or very low based on the type of available
evidence (randomized or observational studies) and considerations on inconsistency of results, indirectness of evidence, imprecision of results, and risk of bias.15 GRADE
evidence profiles/summary of findings tables were generated using GRADEPro.
9. As per the ESO standard operating procedure, each PICO
question was addressed by writing up to three distinct paragraphs. First, a paragraph named ‘Analysis of current evidence’, in which the results of the dedicated RCTs were
summarized and briefly discussed. Where no RCT was
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available, this paragraph described results of systematic
reviews of non-randomized studies. At the end of the first
based recommendation was proparagraph, an evidence-
vided, based on the GRADE methodology. The direction,
strength and formulation of the recommendation were determined according to the GRADE evidence profiles and the
ESO standard operating procedure. Second, an ‘Additional
information’ paragraph could be added to provide more details on randomized trials mentioned in the first paragraph,
to summarize results of observational studies, or to provide
information on ongoing or future trials. Third, according to
the revised ESO standard operating procedure,14 an ‘Expert
consensus statement’ paragraph was added whenever the
PICO group deemed that the available evidence was insufficient to provide evidence-based recommendations for situations in which practical guidance is needed for routine
clinical practice. In that particular case, a pragmatic suggestion was provided. Importantly, the suggestions provided
in this paragraph should not be mistaken as evidence-based
recommendations.
10. The present document was subsequently reviewed several
times by all MWG members, and iteratively modified until a
consensus was reached. Finally, the document was reviewed
and approved by external reviewers and members of the ESO
and ESMINT Guideline Boards and Executive Committees.

RESULTS
Patients admitted to a thrombectomy-capable center
(‘mothership’ paradigm)
PICO 1: For large vessel occlusion acute ischemic stroke
(≤4.5 hours of symptom onset) patients directly admitted to a
thrombectomy-capable center and eligible for both treatments,
does mechanical thrombectomy alone compared with intravenous thrombolysis plus mechanical thrombectomy lead to:
1. a non-inferior proportion of patients with good outcome
(mRS 0–2) at 90 days?
2. non-
inferior or better results on other efficacy outcomes
(whole range of the mRS; mRS 0–1; successful reperfusion)?
3. a reduction in the risk of adverse events (mortality at 90
days, sICH, any ICH)?
4. a reduction in key time metrics?

Analysis of current evidence
The literature search identified four published RCTs addressing
this PICO question. We also included the results of two unpublished RCTs which were recently presented at international
conferences (tables 1 and 2).
The first published trial was Direct Intraarterial Thrombectomy
in Order to Revascularize Acute Ischemic Stroke Patients with
Large Vessel Occlusion Efficiently in Chinese Tertiary Hospitals
Multicenter Randomized Clinical Trial (DIRECT-MT), which
compared direct MT alone versus MT preceded by IVT with
alteplase (0.9 mg/kg) administered within 4.5 hours after stroke
onset in patients with anterior circulation LVO.6 A total of 654
LVO (ICA, M1 and M2 occlusions) patients from 41 academic
tertiary care centers in China were analyzed. The primary analysis was based on reduced disability (≥1 point reduction across
all mRS scores at 90 days) and non-inferiority was defined on the
basis of a lower boundary of the 95% CI of the corresponding
adjusted cOR equal to or larger than 0.80. This predefined criterion was met (adjusted cOR mRS 1.07, 95% CI 0.81 to 1.40,
p=0.04 for non-
inferiority). However, this non-
inferiority
margin was very liberal and the wide CI included both important

harms and important benefits for either strategy. Furthermore,
the comparison was confounded by time to treatments; a long
door-to-IVT time (median 59 min) and a very short delay from
start of IVT to groin puncture (median approximately 27 min)
were documented in the bridging therapy group. In addition, the
Chinese healthcare system requires initial self-pay for alteplase,
followed by reimbursement from insurance when available to
the patient.21 This may have resulted in a delay in consenting the
patient, thereby delaying the door-to-IVT time (median 59 min).
Moreover, in the bridging therapy group, 31 patients did not
receive MT and an additional 30 patients did not receive any or
the full-dose of alteplase. In addition, multiple protocol violations (e.g. missing baseline CT angiography, lack of proof of
occlusion on baseline CT angiography, crossovers between treatment arms) were not addressed in the published per-protocol
analysis of the trial.22 The proportion of patients with successful
reperfusion after thrombectomy (expanded TICI (eTICI) ≥2 b)
was 79.4% versus 84.5% (OR 0.70, 95% CI 0.47 to 1.06) in the
direct MT and the bridging therapy groups, respectively. sICH
occurred in 4.3% and 6.1% of patients in the direct MT and
bridging therapy groups, respectively (RR 0.70, 95% CI 0.36 to
1.37).
In the Direct Endovascular Thrombectomy vs Combined
IVT and Endovascular Thrombectomy for Patients with Acute
Large Vessel Occlusion in the Anterior Circulation (DEVT)
trial, patients with LVO (ICA and M1 occlusions) acute ischemic stroke eligible for IVT were enrolled in 33 tertiary stroke
centers in China and randomized within 4.25 hours of symptom
onset to MT alone or bridging therapy with alteplase 0.9 mg/
kg. The primary endpoint was the proportion of patients
achieving good outcome at 90 days (mRS 0–2). The chosen
non-inferiority margin in DEVT was an absolute difference of
10%. The trial was stopped after randomization of 234 of 970
planned patients because non-inferiority was demonstrated. At
90 days, 63 (54.3%) patients in the direct MT group and 55
(46.6%) in the bridging therapy group achieved a good outcome
(difference 7.7%, one-sided 97.5% CI −5.1% to ∞, p for non-
inferiority=0.003). No significant between-group differences in
90-day mortality (17.2% vs 17.8%; difference −0.5%, 95% CI
−10.3% to 9.2%) and sICH (6.1% vs 6.8%; difference −0.8%,
95% CI −7.1% to 5.6%) were observed. The proportion of
patients with successful reperfusion after MT (eTICI ≥2 b) was
88.5% versus 87.2% (adjusted OR 1.14, 95% CI 0.50 to 2.61)
in the direct MT and the bridging therapy groups, respectively.
DEVT shares similar limitations with DIRECT-MT, including a
generous non-inferiority margin and the Chinese reimbursement
protocols before receiving alteplase as part of routine or study
care. Again, the door-to-IVT time was long (median 61 min),
although onset to groin puncture times were similar between
groups (200 vs 210 min).
In the Direct Mechanical Thrombectomy in Acute LVO
Stroke (SKIP) trial, 204 patients with ICA or M1 occlusion acute
ischemic stroke eligible for IVT were enrolled in 23 MT-capable stroke centers in Japan and randomized to MT alone or
bridging therapy with alteplase at the dose of 0.6 mg/kg within
4.5 hours of onset.7 The primary endpoint was the proportion
of patients achieving good outcome at 90 days (mRS 0–2), with
a non-inferiority margin OR of 0.74 (lower boundary of the
CI), assessed using a one-sided significance threshold of 0.025
(97.5% CI). SKIP did not demonstrate non-inferiority of direct
MT versus bridging therapy (mRS 0-2: 59.4% vs 57.3%; OR
1.09, one-sided 97.5% CI 0.63 to ∞, one-sided p value for non-
inferiority=0.18). Mortality at 90 days (7.9% vs 8.7%) and sICH
according to the SITS-MOST definition (5.9% vs 7.7%) did not
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mRS (cOR)

Primary endpoint

mRS 0–2

Non-inferiority RCT
(PROBE)

41 academic tertiary care centers 33 tertiary stroke centers in China
in China

Stroke
Prevention Project of the National
Health Commission of the
People’s Republic of China and by
the Wu Jieping Medical
Foundation.

Centers

Funding

23 MT-capable stroke centers in
Japan

Alteplase 0.6 mg/kg

Age 18–85 years
Pre-stroke mRS ≤2
ICA or Ml occlusion
NIHSS ≥6
CT-ASPECTS ≥6 or DWI-
ASPECTS ≥5
► Eligible for IVT within
4.5 hours after symptom onset
(randomization within 4 hours
from onset)

►
►
►
►
►

Relative: lower boundary of the CI of
the OR ≥0.74

mRS 0–2

Non-inferiority RCT
(PROBE)

SKIP

Dutch Heart Foundation; the
Brain Foundation Netherlands;
the Ministry of Economic
Affairs; and unrestricted funding
by Stryker, Medtronic, and
Cerenovus.

20 MT-capable stroke centers in
the Netherlands, Belgium and
France

Alteplase 0.9 mg/kg

► Age ≥18 years
► Pre-s troke mRS ≤2
► ICA-T, Ml or proximal M2
occlusion
► NIHSS ≥2
► ASPECTS: no limit
► Eligible for IVT within
4.5 hours after symptom
onset

Relative: lower boundary of the
CI of the cOR ≥0.80

mRS (cOR)

Superiority RCT
(PROBE)

Mr CLEAN-NO IV

Age ≥18 years
Pre-stroke mRS ≤1
ICA or Ml occlusion
NIHSS ≥5 and <30
ASPECTS ≥4 (CT or MRI)
Eligible for IVT within
4.5 hours after symptom
onset (randomization within
4 hours 15 min from onset)

Investigator initiated trial,
supported by Medtronic,
additional intramural funds
Berne University Hospital

48 centers in Switzerland,
Germany, UK, France, Austria,
Finland, Spain, and Canada

Alteplase 0.9 mg/kg

►
►
►
►
►
►

Absolute: 12%

mRS 0–2

Non-inferiority RCT
(PROBE)

SWIFT-DIRECT

Investigator initiated trial,
supported by an Australian NHMRC
program grant and
Stryker

25 centers in China, Australia,
Vietnam and New Zealand

Alteplase 0.9 mg/kg or
tenecteplase 0.25 mg/kg

► Age ≥18 years
► Pre-stroke mRS ≤3
► ICA, Ml, M2 or basilar artery
occlusion
► No hypodensity >1/3 MCA
territory on non-contrast CT
► Eligible for IVT within 4.5 hours
after symptom onset
► Arterial puncture possible
within 6 hours of symptom
onset

Absolute: 10%

mRS 0–2

Non-inferiority RCT (PROBE)

DIRECT-SAFE

ASPECTS, Alberta Stroke Program Early CT Score; cOR, common OR; CT, computed tomography; dMT, direct mechanical thrombectomy (MT alone); DWI, diffusion weighted imaging; ICA, internal carotid artery; IVT, intravenous thrombolysis with
alteplase; M1, first segment of the middle cerebral artery; M2, second segment of the middle cerebral artery; MCA, middle cerebral artery; MRI, magnetic resonance imaging; mRS, modified Rankin Scale; MT, mechanical thrombectomy; NA, not
available; NIHSS, National Institutes of Health Stroke Scale; PROBE, prospective randomized open blinded endpoint trial; RCT, randomized clinical controlled trial.

National Natural Science Foundation Japanese Society for
of China, Chongqing Major Disease Neuroendovascular Therapy.
Prevention and Control Technology
Research
Project, Clinical Medical Research
Talent Training Program of Army
Medical University, Major Clinical
Innovation Technology
Project of the Second Affiliated
Hospital of Army Medical University.

Alteplase 0.9 mg/kg

Alteplase 0.9 mg/kg

Age ≥18 years
Pre-stroke mRS ≤1
ICA or Ml occlusion
NIHSS: no lower limit
ASPECTS: no limit
Eligible for IVT within
4.5 hours after symptom onset
(randomization within 4 hours 15
min from onset)

Thrombolytic agent

►
►
►
►
►
►

► Age ≥18 years
► Pre-s troke mRS ≤2
► ICA, Ml or proximal M2
occlusion
► NIHSS ≥2
► ASPECTS: no limit
► Eligible for IVT within
4.5 hours after symptom
onset

Main inclusion criteria

Relative: lower boundary of the CI Absolute: 10%
Pre-specified non-
inferiority margin, in
of the cOR ≥0.80
relation with the primary
endpoint

Non-inferiority RCT
(PROBE)

Design

DEVT

Overview of the design of each included RCT

DIRECT-MT

Table 1

Trial
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10.7% vs 9.4%

At a median follow-up time of
6 days:
36.3 vs 36.7 mL (NCCT)

177 (randomization)+7

Infarct volume at 24–36 hours

Onset-to-IVT time (median)

79.4% vs 84.5%
OR 0.70 (0.47–1.06)

mTICI ≥2 b at the end of the
procedure

Distal embolization/ embolization in
new territory

37.6% vs 42.3%

Any ICH

NA

4.3% vs 6.1% (Heidelberg)
Unadj OR 0.69 (0.34–1.39)†

sICH (definition)

NA

17.8% vs 18.9%
Unadj OR 0.93 (0.62–1.38)†

Death at 90 days

Number of passes (median)

Adj cOR 1.07 (0.81–1.40)

Whole range of the mRS

First-pass complete reperfusion

24.5% vs 22.6%
Adj OR 1.09 (0.74–1.59)

mRS 0–1 at 90 days

Tandem 15%

Tandem 17%

Tandem 11%

Tandem NA

Tandem 10%

36.5% vs 36.9%
Adj OR 0.97 (0.68–1.37)

ICA 22%
M1 56%
M2 15%
Basilar artery 6%

ICA 29%
M1 71%
M2 0.2%

ICA 22%
M1 61%
M2 16%

ICA 35%
M1 50%
M2 15%

mRS 0–2 at 90 days

10 (9–10)

8 (7–9)

9 (8–10)

8 (6–9)

ICA 15%
M1 82%
M2 2%

176

NA

Clot migration:
17.7% vs 23.9%

Stent retriever passes:
1 (1–2) vs 1 (0–2)
Aspiration device passes:
0 (0–1) vs 0 (0–1)

44.0% vs 43.2%

88.5% vs 87.2%
OR 1.14 (0.50–2.61)

21.7% vs 32.5%

6.1% vs 6.8% (Heidelberg)
Unadj OR 0.88 (0.31–2.52)†

17.2% vs 17.8%
Unadj OR 0.96 (0.49–1.89)†

Adj cOR 1.13 (0.71–1.79)

37.9% vs 31.4%
Adj OR 1.38 (0.75–2.56)

54.3% vs 46.6%
Adj OR 1.48 (0.81–2.74)

8 (7–9)

100 (door)+36 (randomization)+14
(IVT)

NA

NA

NA

NA

90.1% vs 93.2%
Unadj OR 0.66 (0.24–1.82)

33.7% vs 50.5%
Unadj OR 0.50 (0.28–0.88)

5.9% vs 7.8% (SITS-MOST)
Unadj OR 0.75 (0.25–2.24)

7.9% vs 8.7%
Unadj OR 0.90 (0.33–2.43)

Unadj cOR 0.97 (0.60–1.57†)

40.6% vs 44.6%
Unadj OR 0.85 (0.49–1.48)†

59.4% vs 57.3%
Unadj OR 1.09 (0.63–1.90†)

98

24 vs 17 mL

5.2% vs 3.3%
Adj OR 1.31 (0.68–2.53)

NA

NA

78.7% vs 83.1%
Adj OR 0.73 (0.47–1.13)

35.9% vs 35.6%
Adj OR 0.97 (0.68–1.38)

5.9% vs 5.3% (Heidelberg)
Adj OR 1.30 (0.60–2.81)

20.5% vs 15.8%
Adj OR 1.39 (0.84–2.30)

Adj cOR 0.84 (0.62–1.15)

16.1% vs 15.4%
Adj OR 1.01 (0.63–1.63)

49.1% vs 51.1%
Adj OR 0.95 (0.65–1.39)

16 (10–20)

144

NA

NA

NA

NA

90.5% vs 96.6%

29.3% vs 33.7%

1.5% vs 4.9%
(modified SITS-MOST
definition*)
Unadj OR 0.30 (0.08–1.10)

10.9% vs 8.2%
Unadj OR 1.37 (0.71–2.67)

Adj cOR 0.75 (0.53–1.06)

40% vs 43%

56.7% vs 65.2%
Unadj OR 0.70 (0.47–1.04)

17 (13–20, dMT group) vs 17
(12– 20)

73 (64–81, dMT group) vs 72
(65– 81)

NA

NA

NA

NA

NA

Continued

88.8% vs 89.0%
Adj OR 0.84 (0.39–1.82)

NA

2.7% vs 4.8%
(Definition not provided)
Adj OR 0.57 (0.16–1.99)

15.1% vs 16.3%
Adj OR 0.92 (0.46–1.84)

Adj cOR 0.85 (0.56–1.28)

42.5% vs 48.3%
Adj OR 0.76 (0.64–1.24

54.8% vs 60.5%
Adj OR 0.75 (0.45–1.24)

Tandem 16%

15 (11–20, dMT group) vs 15
(10– 20)

70 (61–78, dMT group) vs 69
(60– 79)

293

ICA 35%
M1 52%
M2 12%

DIRECT-SAFE

9 (7–10)

18 (12–23)

71 (61–79)

408*

Occlusion site (%)

SWIFT-DIRECT

Median (IQR) ASPECTS

16 (12–20)

74 (67–80)

539

17 (13–22)

Mr CLEAN-NO IV

Median (IQR) NIHSS score

70 (60–78)

204

69 (61–76)

SKIP

Median (IQR) age (years)

234

654

DEVT

DIRECT-MT

Number of patients (main analysis)

Patient characteristics and main results of the included RCTs
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NA
111 vs 117
NA
NA
NA
NA
Door-to-reperfusion time (median)

*Symptomatic intracranial hemorrhage at 24±6 hours post-randomization was defined as any parenchymal hematoma type 1 or 2, remote intracranial hemorrhage, subarachnoid hemorrhage, or intraventricular hemorrhage associated with
a ≥4-point worsening on the NIHSS within 24 hours.
†Post-hoc calculation based on published data
‡Day mRS was available for 407 patients
Adj, adjusted; ASPECTS, Alberta Stroke Program Early CT Score; cOR, common OR; CT, computed tomography; dMT, direct mechanical thrombectomy (MT alone); ICA, internal carotid artery; ICH, intracranial hemorrhage; IVT, intravenous
thrombolysis with alteplase; M1, first segment of the middle cerebral artery; M2, second segment of the middle cerebral artery; MCA, middle cerebral artery; MRI, magnetic resonance imaging; mRS, modified Rankin Scale; MT, mechanical
thrombectomy; mTICI, modified Treatment In Cerebral Ischemia; NA, not available; NCCT, non-contrast CT; NIHSS, National Institutes of Health Stroke Scale; PROBE, prospective randomized open blinded endpoint trial; RCT, randomized controlled
clinical trial; sICH, symptomatic intracranial hemorrhage; Unadj, unadjusted.

NA
75 vs 80
63 vs 64
NA
84 vs 85.5
Door-to-arterial puncture time
(median)

101 vs 105

NA
NA
31
36 (door to randomization)+14
(randomization-to-IVT time)
59
Door-to-IVT time (median)

61

231 vs 248
NA
188 vs 178
NA
167 (randomization) +102 vs
177 (randomization)+96
Onset-to-reperfusion time (median)

289 vs 285

NA

DIRECT-SAFE
SWIFT-DIRECT

NA
130 vs 135

Mr CLEAN-NO IV
SKIP

92 (door) +37 (randomization) +20
(puncture) vs
100 (door)+36 (randomization)+22
(puncture)
200 vs 210
167 (randomization) +31 vs
177 (randomization)+36
Onset-to-arterial puncture time
(median)

DEVT
DIRECT-MT
Trial

Continued
Table 2
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differ significantly between the two groups. The main limitations of this trial are the very liberal non-inferiority margin, the
modest sample size, and the relatively long door-to-needle time
probably delayed by patient consent and randomization. As a
consequence, the time between IVT and arterial puncture was
very short (median randomization-to-IVT and randomization-
to-arterial puncture times of 14 and 22 min, respectively). Of
particular note, arterial puncture was performed before the start
of IVT in 22 (21.4%) patients in the bridging therapy group.
The use of low-dose alteplase (0.6 mg/kg), which is not currently
recommended in European and US guidelines,23 24 also limits the
generalizability of the SKIP results.
Unlike previous RCTs, the primary aim of the Multicenter
Randomized CLinical trial of Endovascular treatment for Acute
ischemic stroke in the Netherlands- NO IV (MR CLEAN-NO IV)
was to assess the superiority of direct MT over bridging therapy
with alteplase (0.9 mg/kg) based on the adjusted cOR for reduced
disability (i.e., ≥1 point reduction across all mRS scores at 90
days).9 In the case that superiority could not be demonstrated,
the lower boundary of the 95% CI of this cOR was prespecified as equal to or larger than 0.80 to claim non-inferiority (ie,
the same pre-specified margin as in the DIRECT-MT trial). A
total of 539 patients with LVO (ICA, M1 and M2) acute ischemic stroke eligible for IVT within 4.5 hours of symptom onset
were enrolled at 20 MT-capable stroke centers in the Netherlands, Belgium and France and included in the main analysis.
MR CLEAN-NO IV failed to demonstrate both superiority and
non-inferiority of direct MT over bridging therapy regarding
functional outcome at 90 days (adjusted cOR 0.84, 95% CI 0.62
to 1.15). Similar results were observed for secondary endpoints
including dichotomizations of the mRS. Mortality (20.5%
vs 15.8%; adjusted OR 1.39, 95% CI 0.84 to 2.30) and sICH
(5.9% vs 5.3%; adjusted OR 1.30, 95% CI 0.60 to 2.81) did
not significantly differ between the direct MT and the bridging
therapy groups. Finally, the rates of successful reperfusion on
last angiographic run =did not significantly differ between the
two groups (78.7% vs 83.1%; adjusted OR 0.73, 95% CI 0.47
to 1.13).
The results of the Bridging Thrombolysis vs Direct Mechanical Thrombectomy in Acute Ischemic Stroke (SWIFT-DIRECT)
trial were presented during the 2021 ESO Conference.11 SWIFT-
DIRECT sought to determine whether patients experiencing an
acute ischemic stroke due to LVO in the anterior circulation (ICA
and M1) would have a non-inferior functional outcome at 90 days
when treated with direct MT compared with patients treated with
bridging thrombolysis with alteplase at 0.9 mg/kg within 4.5 hours
of onset. The primary endpoint was the proportion of patients
achieving good outcome (mRS 0–2 at 90 days). The non-inferiority
margin was an absolute difference of 12%. The use of a Solitaire
device was mandatory, although additional devices were allowed.
A total of 408 LVO patients from 48 stroke centers in Europe
and North America were included (201 in the direct MT group
and 207 in the bridging therapy group). SWIFT-DIRECT did not
demonstrate non-inferiority. At 90 days, 111 (56.7%) patients in
the direct MT group and 135 (65.2%) in the bridging therapy
group achieved good outcome (adjusted risk difference −7.3%,
lower limit of one-sided 95% CI −15.1%). The adjusted cOR for
reduced disability with direct MT was 0.75 (95% CI 0.53 to 1.06).
The rates of mortality at 90 days were similar in patients treated
with direct MT (11.0%) and bridging therapy (8.5%). Patients
with direct MT tended to have lower rates of sICH compared with
the bridging therapy group (1.5% vs 4.9%, p=0.09). Conversely,
the rate of successful post-interventional reperfusion was higher in
the bridging therapy group (96% vs 91%, p=0.05).
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Figure 1 Risk of bias in each randomized controlled trial of MT
alone versus IVT plus MT for anterior circulation large vessel occlusion
ischemic stroke within 4.5 hours of symptom onset, with regards to mRS
score at 90 days. IVT, intravenous thrombolysis with alteplase; mRS,
modified Rankin Scale; MT, mechanical thrombectomy;
Finally, the results of DIRECT-
SAFE (A Randomized
Controlled Trial of DIRECT Endovascular Clot Retrieval vs Standard Bridging Thrombolysis With Endovascular Clot Retrieval)
were presented at the 2021 World Stroke Congress.12 The aim of
DIRECT-SAFE was to demonstrate the non-inferiority of direct
MT over bridging therapy in patients with ICA, M1, M2 or
basilar artery occlusion (the only one of the six RCTs to include
any posterior circulation LVO). The primary trial outcome was
good outcome defined as mRS 0–2 at 90 days or returning to pre-
morbid mRS score, with a pre-specified absolute non-inferiority
margin of 10%. The authors also hypothesized that clinical
outcome would differ between patients enrolled in Asian versus
non-Asian regions. The use of a TREVO device was mandatory
during the endovascular procedures. The study was terminated
prematurely due to the publication of the results of DIRECT-MT,
DEVT and SKIP. A total of 293 of 780 planned patients at 25
centers in Oceania and Asia were randomized and included in
the intention-to-treat analysis. At 90 days, the primary outcome

was achieved in 54.8% and 60.5% of patients in the direct MT
and bridging therapy groups, respectively. Non-inferiority was
not demonstrated (intention-to-treat risk difference −5.1%,
95% CI −16.0% to 5.9%, p=0.19). Mortality rates at 90 days
were similar in patients treated with direct MT and bridging
therapy (15.1% vs 16.3%, p=0.46). The rates of sICH did not
differ significantly between the direct MT and the bridging
therapy groups (2.7% vs 4.8%, p=0.38). The rates of successful
post-interventional reperfusion were also similar at 89% (direct
MT) versus 89% (bridging therapy) (p=0.66). In subgroup analyses, compared with bridging therapy, direct MT was associated
with lower rates of good outcome in patients randomized in Asia
compared with Oceania (adjusted OR 0.42, 95% CI 0.21 to 0.86
vs 1.35, 95% CI 0.65 to 2.80, p for interaction=0.02).
MWG assessment of the risk of bias in each RCT according
to the Cochrane RoB-2 tool with regards to mRS score at 90
days is presented in figure 1. All studies were considered to be
at overall low risk of bias except: (1) DIRECT-MT, which had
a high risk of bias due to deviations from the intended intervention, as detailed above; (2) DEVT, due to concerns about a
long door-to-IVT time, which are not in line with recommendations25; and (3) SKIP, because more than 20% of patients in the
bridging therapy group had arterial puncture before the start of
IVT.
We conducted a study-
level random-
effects meta-
analysis
of the six RCTs of MT alone versus IVT plus MT, comprising
2331 patients. Compared with patients randomized to bridging
therapy, the pooled unadjusted OR for good outcome in
patients randomized to MT alone was 0.93 (95% CI 0.79 to
1.10, p=0.38; I2=0%) (figure 2). The corresponding pooled RR
and risk difference were 0.96 (95% CI 0.89 to 1.04, p=0.30;
I2=0%) and −1.9% (95% CI −5.9% to 2.1%) (figure 3), respectively. Therefore, non-inferiority was not met based on our pre-
specified 1.3% margin. Importantly though, non-
inferiority
was also not met based on the maximum clinically acceptable
non-inferiority margin of 5.0% proposed by MWG members.
Similar results were obtained when risk difference was estimated
with the random-effects pooled proportion of good outcome
in the bridging therapy group (52.8%) and the pooled RR

Figure 2 Good outcome (mRS 0–2 at 90 days) in ‘mothership’ anterior circulation large vessel occlusion stroke patients treated with MT alone
versus IVT plus MT within 4.5 hours of symptom onset (unadjusted pooled OR, random-effects meta-analysis). dMT, direct mechanical thrombectomy
(MT alone); IVT, intravenous thrombolysis with alteplase; mRS, modified Rankin Scale; MT, mechanical thrombectomy.
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Figure 3 Pooled RD (in percent) for good outcome (mRS 0–2 at 90 days) in ‘mothership’ anterior circulation large vessel occlusion stroke patients
treated with MT alone versus IVT plus MT within 4.5 hours of symptom onset (unadjusted pooled RD, random-effects meta-analysis). dMT, direct
mechanical thrombectomy (MT alone); IVT, intravenous thrombolysis with alteplase; mRS, modified Rankin Scale; MT, mechanical thrombectomy; RD,
risk difference.
for good outcome (risk difference −2.1%, 95% CI −6.3% to
2.1%). Finally, in a sensitivity analysis based on a fixed effect
model, the pooled risk difference was −1.9% (95% CI −5.9%
to 2.1%). The results did not significantly differ between studies
conducted in Asia and in Europe/North America (p for heterogeneity=0.13) (figure 4). A more detailed analysis on the role of
ethnicity and national healthcare systems on the effects of IVT
would require individual patient-level data.
The common adjusted OR for reduced disability with
MT alone was 0.92 (95% CI 0.80 to 1.07, p=0.27; I2=0%)
(figure 5). The pooled unadjusted OR for excellent outcome

(mRS 0–1 at 90 days) was 0.99 (95% CI 0.82 to 1.18, p=0.88;
I2=0%). The rates of all-cause mortality at 90 days were similar
in patients randomized to MT alone and bridging therapy (unadjusted pooled OR 1.06, 95% CI 0.84 to 1.35, p=0.60; I2=0%)
(figure 6). Successful reperfusion at the end of the endovascular
procedure was significantly less frequent in patients randomized
to MT alone (unadjusted pooled OR 0.72, 95% CI 0.57 to 0.92,
p=0.01; I2=0%) (figure 7). sICH did not differ significantly
between treatment arms (unadjusted pooled OR 0.77, 95% CI
0.52 to 1.13, p=0.18; I2=0%) (figure 8), but the occurrence of
any ICH was less frequent in patients randomized to MT alone

Figure 4 Pooled RD (in percent) for good outcome (MRS 0–2 at 90 days) in ‘mothership’ anterior circulation large vessel occlusion stroke
patients treated with MT alone versus IVT plus MT within 4.5 hours of symptom onset, stratified by geographic region (p for heterogeneity between
subgroups=0.13; unadjusted pooled RD, random-effects meta-analysis). DIRECT-SAFE12 was not included because it was conducted in Oceania (157
patients) and Asia (136 patients) and data allowing estimation of RD on functional outcome across geographical subgroups was not available at the
time of the preparation of this expedited recommendation. dMT, direct mechanical thrombectomy (MT alone); IVT, intravenous thrombolysis with
alteplase; mRS, modified Rankin Scale; MT, mechanical thrombectomy; RD, risk difference.
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Figure 5 Pooled cOR for reduced disability (improvement of a least 1 point on the mRS at 90 days) in ‘mothership’ anterior circulation large
vessel occlusion stroke patients treated with MT alone versus IVT plus MT within 4.5 hours of symptom onset (adjusted pooled cOR, random-effects
meta-analysis). *All cORs are adjusted except in the SKIP trial. Adjustment variables varied across studies. cOR, common OR; dMT, direct mechanical
thrombectomy (MT alone); IVT, intravenous thrombolysis with alteplase; mRS, modified Rankin Scale; MT, mechanical thrombectomy.
(unadjusted pooled OR 0.80, 95% CI 0.66 to 0.96, p=0.02;
I2=10%) (figure 9). Insufficient data were available to conduct
analyses for the other predefined outcomes, including time
metrics (table 2).
Table 3 provides details regarding the assessment of the quality of
evidence, which was judged to be moderate due to inconsistency, as
two trials met their predefined criteria for non-inferiority,6 8 whereas
the four remaining trials did not.7 9 11 12

Additional information

Two large meta-
analyses of observational studies evaluating the
safety and efficacy of bridging therapy compared with direct MT
have suggested that bridging therapy is associated with higher rates
of post-intervention successful recanalization, higher rates of 90-day

good outcome, and lower rates of 90-day mortality without increased
risk of sICH.17 26 Nevertheless, the results of these observational
studies should be interpreted with caution because they are prone
to selection bias (i.e. the majority of patients treated with direct MT
had contraindications to alteplase) and residual confounding. Other
meta-analyses including both RCTs and observational studies have
also been published.27–30
For patients with LVO admitted within 6 hours after symptom
onset, a recent RCT found that, compared with conventional
workflow, the direct transfer to the angiography suite, and
administration of alteplase in the suite if indicated, increased the
odds of patients undergoing MT, decreased hospital workflow
time, and improved clinical outcome.31

Figure 6 All-cause mortality at 90 days in ‘mothership’ anterior circulation large vessel occlusion stroke patients treated with MT alone versus IVT
plus MT within 4.5 hours of symptom onset (unadjusted pooled OR, random-effects meta-analysis). dMT, direct mechanical thrombectomy (MT alone);
IVT, intravenous thrombolysis with alteplase; MT, mechanical thrombectomy.
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Figure 7 Pooled OR for successful reperfusion (mTICI ≥2 b) at the end the endovascular procedure in ‘mothership’ anterior circulation large vessel
occlusion stroke patients treated with MT alone versus IVT plus MT within 4.5 hours of symptom onset (unadjusted pooled OR, random-effects meta-
analysis). dMT, direct mechanical thrombectomy (MT alone); IVT, intravenous thrombolysis with alteplase; MT, mechanical thrombectomy; mTICI,
modified Treatment In Cerebral Ischemia.

Expert consensus statement

The six recently published and presented RCTs studying the
effect of IVT with alteplase before MT all included patients
eligible for both treatments, and required IVT to be administered within 4.5 hours of stroke onset.6–8 32 33 The results of these
trials are therefore valid for patients who can be treated within
this time window.
However, in 2018 and 2019, after the above mentioned trials
were started, two randomized trials showed that a selected group
of patients identified by advanced imaging who arrive more than
4.5 hours after symptom onset or last known well time may
benefit from IVT.3 4

WAKE-
UP was a placebo-
controlled, randomized trial of
patients aged 18 to 80 years who were more than 4.5 hours since
last known well, had an unknown time of stroke onset, and could
be treated within 4.5 hours of symptom recognition (ie, waking
up or first seen with symptoms), of whom the majority (89%)
woke up with stroke symptoms.3 Eligible patients had to have
diffusion weighted imaging-fluid attenuated inversion recovery
(DWI-FLAIR) mismatch on MRI, a NIHSS score ≤25, and a
DWI lesion smaller than one third of the territory of the middle
cerebral artery. Approximately 20% of enrolled patients had an
LVO. Patients were excluded if MT was planned, although MT
at 6 or more hours from onset was not proven beneficial until

Figure 8 Pooled OR for sICH in ‘mothership’ anterior circulation large vessel occlusion stroke patients treated with MT alone versus IVT plus MT
within 4.5 hours of symptom onset (unadjusted pooled OR, random-effects meta-analysis). The definition of sICH varied across studies (see table 2
for details). dMT, direct mechanical thrombectomy (MT alone); IVT, intravenous thrombolysis with alteplase; MT, mechanical thrombectomy; sICH,
symptomatic intracerebral hemorrhage.
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Figure 9 Pooled OR for any intracranial hemorrhage in ‘mothership’ anterior circulation large vessel occlusion stroke patients treated with MT alone
versus IVT plus MT within 4.5 hours of symptom onset (unadjusted pooled OR, random-effects meta-analysis). dMT, direct mechanical thrombectomy
(MT alone); IVT, intravenous thrombolysis with alteplase; MT, mechanical thrombectomy.

after the trial was completed. Compared with placebo, IVT was
associated with a higher rate of excellent outcome (mRS 0–1,
53% vs 42%; adjusted OR 1.61, 95% CI 1.09 to 2.36, p=0.02).
IVT was also associated with a non-significantly increased risk
of sICH (2.0% vs 0.4%, p=0.15) and a non-significantly higher
mortality at 90 days (4.1% vs 1.2%, p=0.07).
EXTEND was a randomized placebo-controlled trial involving
patients with acute ischemic stroke (NIHSS score 4 to 26), in
whom the assigned intervention was initiated between 4.5 and
9.0 hours after the onset of stroke (35% of the 225 included
patients) or on awakening with stroke symptoms (if within
9 hours from the midpoint of sleep).4 Eligible patients had to
have perfusion core/penumbra mismatch on CT or MRI.4
Patients were ineligible if MT was planned and again this trial
commenced before MT was proven beneficial in the extended
one percent of enrolled patients had
time window. Seventy-
an LVO. Compared with placebo, IVT was associated with a
higher proportion of patients with excellent outcome (mRS 0–1;
adjusted RR 1.44, 95% CI 1.01 to 2.06, p=0.04), and there
was no evidence of treatment effect modification by different
time intervals (4.5–6 hours or 6–9 hours), or in patients with
wake-
up stroke (p for interaction=0.41). A secondary pre-
specified ordinal analysis did not show a significant difference
in functional outcome (common OR for reduced disability 1.55,
95% CI 0.96 to 2.49). IVT was associated with non-significantly
higher rates of 90-day mortality (adjusted RR 1.17, 95% CI 0.57
to 2.40) and sICH (adjusted RR 7.22, 95% CI 0.97 to 53.54).
In a subsequent individual patient data meta-
analysis
including data from the perfusion imaging-based ECASS-4 and
EPITHET trials (n=414; wake-up strokes 51%; LVO 61%),34 35
IVT was associated with higher rates of excellent outcome (OR
1.86, 95% CI 1.15 to 2.99, p=0.01), higher rates of sICH (5%
vs <1%; OR 9.7, 95% CI 1.23 to 76.55, p=0.03) and no significant difference in mortality (OR 1.55, 95% CI 0.81 to 2.96,
p=0.19).36 There was no evidence of a modification of the
effect of IVT across three predefined time strata (4.5–6 hours,
6–9 hours, wake-up stroke; p for interaction=0.87) or in patients
with or without LVO (p for interaction=0.66).

Another individual patient data meta-analysis included 843
patients with unknown stroke onset (on awakening in 89% of
cases) enrolled in RCTs based on DWI-FLAIR mismatch (WAKE-
UP3 and THAWS37) or core/penumbra mismatch on perfusion
MRI or CT (EXTEND4 and ECASS-
4).34 38 Compared with
placebo or standard care, IVT was significantly associated with
excellent outcome (adjusted OR 1.49, 95% CI 1.10 to 2.03,
p=0.01) and reduced disability at 90 days (adjusted cOR 1.39,
95% CI 1.05 to 1.80, p=0.02), at the expense of a higher risk
of sICH (3% vs 0.5%; adjusted OR 5.58, 95% CI 1.22 to 25.50,
p=0.02) and mortality within 3 months (adjusted OR 2.06,
95% CI 1.03 to 4.09, p=0.04). The effect of IVT was consistent
across predefined subgroups, including imaging modality (CT
vs MRI, p for interaction=0.28), wake-up stroke versus other
situations (p for interaction=0.76), and LVO status (p for interaction=0.28). Of note, MT was not performed in the 25% of
included patients with LVO.
Based on the results of the WAKE-UP,3 THAWS,37 EXTEND,4
ECASS-4,34 and EPITHET35 trials and their meta-analyses,36 38
the recently published ESO guidelines on intravenous thrombolysis for acute ischemic stroke included recommendations for IVT
beyond 4.5 hours after stroke onset or for patients with wake-up
stroke or stroke of unknown onset time23: IVT is recommended
for patients with known stroke duration of 4.5 to 9 hours and
for patients with stroke symptoms on awakening from sleep and
their midpoint of sleep no longer than 9 hours before imaging
with CT- or MRI- core/perfusion mismatch. IVT is also recommended for wake-up stroke patients who were last seen well
more than 4.5 hours earlier with DWI-FLAIR mismatch on MRI.
These ESO recommendations are for patients for whom MT is
either not indicated or not planned.
The MWG members have provided below an expert consensus
statement for IVT before MT in patients who wake up with
stroke symptoms. As the WAKE-UP and THAWS trials included
patients <4.5 hours after symptom recognition or awakening,
and EXTEND and ECASS 4 included patients <9 hours after
‘midtime of sleep’ in case of ischemic stroke at awakening (which
in most cases will correspond to <4.5 hours after awakening), the
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Study design

Risk of bias

Inconsistency

Randomized trials

Not serious

Serious*

Randomized trials

Not serious

Serious*

Not serious

Not serious

Not serious

Not serious

Imprecision

Randomized trials

Not serious

Serious*

Randomized trials

Not serious

Serious*

Randomized trials

Not serious

Not serious

Not serious

Not serious

Not serious

Randomized trials

Not serious

Randomized trials

Randomized trials

Not serious

Not serious

Not serious

Serious†

Not serious

Not serious

Not serious

Not serious

Not serious

Not serious

Not serious

Not serious

Not serious

Not serious

None

None

None

None

None

None

None

None

Other
considerations

361/1138 (31.7%)

50/1163 (4.3%)

935/1108 (84.4%)

186/1163 (16.0%)

570/1162 (49.1%)

570/1162 (49.1%)

MT alone

415/1140 (36.4%)

67/1166 (5.7%)

990/1125 (88.0%)

175/1169 (15.0%)

358/1169 (30.6%)

595/1169 (50.9%)

595/1169 (50.9%)

IVT+

No. of patients

OR 0.80
(0.66 to 0.96)

OR 0.77
(0.52 to 1.13)

OR 0.72
(0.57 to 0.92)

OR 1.06
(0.84 to 1.35)

OR 0.99
(0.82 to 1.18)

cOR 0.92
(0.80 to 1.07)

RR 0.96
(0.89 to 1.04)

OR 0.93
(0.79 to 1.10)

Relative
(95% CI)

Effect

50 fewer per 1000
(from 90 fewer to 9 fewer)

13 fewer per 1000
(from 27 fewer to 7 more)

39 fewer per 1000
(from 73 fewer to 9 fewer)

8 more per 1000
(from 21 fewer to 42 more)

2 fewer per 1000
(from 40 fewer to 36 more)

1 fewer per 1000
(from 1 fewer to 1 fewer)

20 fewer per 1000
(from 56 fewer to 20 more)

18 fewer per 1000
(from 59 fewer to 24 more)

Absolute
(95% CI)

⨁⨁⨁⨁
High

⨁⨁⨁◯
Moderate

⨁⨁⨁⨁
High

⨁⨁⨁⨁
High

⨁⨁⨁◯
Moderate

⨁⨁⨁◯
Moderate

⨁⨁⨁◯
Moderate

⨁⨁⨁◯
Moderate

Certainty

IMPORTANT

CRITICAL

IMPORTANT

CRITICAL

CRITICAL

CRITICAL

CRITICAL

CRITICAL

Importance

*According to each trial’s criteria, non-inferiority was met in DIRECT-MT and DEVT, whereas this was not the case for all other trials.
†Definitions of symptomatic intracranial hemorrhage varied across studies.
cOR, common OR; GRADE, Grading of Recommendations, Assessment, Development and Evaluations ; IVT, intravenous thrombolysis with alteplase; mRS, modified Rankin Scale; MT, mechanical thrombectomy; mTICI, modified Treatment In Cerebral Ischemia; PICO, Population, Intervention, Comparator, Outcome; RR, risk ratio.

6

Any intracranial hemorrhage

6

Symptomatic intracranial hemorrhage

6

Successful reperfusion (mTICI ≥2 b) at the end of the endovascular procedure

6

All-cause mortality at 90 days – OR, unadjusted analysis

6

Excellent outcome (mRS 0–1 at 90 days) – OR, unadjusted analysis

6

Reduced disability (≥1 point reduction across all mRS scores at 90 days) – cOR, adjusted analysis

6

Good outcome (mRS 0–2 at 90 days) – RR, unadjusted analysis

6

Indirectness

Certainty assessment

GRADE evidence profile for PICO 1

Good outcome (mRS 0–2 at 90 days) – OR, unadjusted analysis

No. of
studies
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Evidence-based recommendation
For patients directly admitted to a thrombectomy-capable center
for an acute ischemic stroke (≤4.5 hours of symptom onset) with
anterior circulation large vessel occlusion and who are eligible
for both treatments, we recommend intravenous thrombolysis
plus mechanical thrombectomy over mechanical thrombectomy
alone.
Both treatments should be performed as early as possible
after hospital arrival. Mechanical thrombectomy should
not prevent the initiation of intravenous thrombolysis, and
intravenous thrombolysis should not delay mechanical
thrombectomy.
Quality of evidence: Moderate ⊕⊕⊕
Strength of recommendation: Strong ↑↑

MWG members limit this expert consensus statement to patients
arriving <4.5 hours after awakening. The results of the votes for
this statement are provided in online supplemental table 2. This
expert consensus statement supersedes the one provided in the
2021 ESO guideline on intravenous thrombolysis for patients
with wake-up stroke who are eligible for both IVT and MT.23
The ongoing Tenecteplase in Wake-up Ischaemic Stroke Trial
(TWIST; NCT03181360) includes patients who present with a
wake-up stroke within 4.5 hours after awakening, without any
advanced imaging selection.39 The randomized Tenecteplase
in Stroke Patients Between 4.5 and 24 Hours (TIMELESS;
NCT03785678) will provide data on the comparison of tenecteplase and placebo in patients with LVO and penumbral tissue.
Results from these two trials may shed new light on the effect of
IVT with tenecteplase before MT.

Patients admitted to a center without thrombectomy facilities
(‘drip and ship’ paradigm)

PICO 2: For large vessel occlusion acute ischemic stroke
(≤4.5 hours of symptom onset) patients admitted to a non-
thrombectomy-capable center and eligible for both treatments,
does mechanical thrombectomy alone compared with intravenous thrombolysis plus mechanical thrombectomy lead to:

Expert consensus statement
For patients directly admitted to a thrombectomy-capable center
within 4.5 hours of symptom recognition after wake-up ischemic
stroke caused by anterior circulation large vessel occlusion, we
suggest intravenous thrombolysis plus mechanical thrombectomy
over mechanical thrombectomy alone in selected patients.
The selection criteria for IVT and MT for patients with wake-up
stroke are detailed in the corresponding European guidelines.5 23
Notably, eligibility imaging criteria for IVT include DWI-FLAIR
mismatch or perfusion core/penumbra mismatch*.
*Perfusion core/penumbra mismatch:
**
► Infarct core volume <70 mL
†
**
► and critically hypoperfused volume/infarct core
volume >1.2
► and mismatch volume >10 mL
**Relative cerebral blood flow (rCBF) <30% (CT perfusion) or apparent
diffusion coefficient (ADC) <620 µm2/s (diffusion MRI)
†
Tmax >6 s (perfusion CT or perfusion MRI)

1. a non-inferior proportion of patients with good outcome
(mRS 0–2) at 90 days?
2. non-
inferior or better results on other efficacy outcomes
(whole range of the mRS; mRS 0–1; successful reperfusion)?
3. a reduction in the risk of adverse events (mortality at 90
days, sICH, any ICH)?
4. a reduction in key time metrics?

Analysis of current evidence

The literature search did not identify any RCT comparing the
efficacy and safety of MT alone and bridging therapy in patients
admitted to stroke centers with the capability to administer
IVT but not MT. There are important theoretical arguments
treatment in the ‘drip and ship’ model.
in favor of IVT pre-
Swift IVT delivery is associated with faster and more frequent
IVT-induced recanalization and consequently better functional
outcomes in acute ischemic stroke patients with LVO, as shown
in the prospective CLOTBUST-PRO study.40 Moreover, a meta-
regression analysis in a meta-analysis comparing the efficacy of
‘drip and ship’ versus ‘mothership’ models revealed a significant
inverse association between onset-to-needle and 90-day good
outcome, with longer onset-to-needle time being detrimental
for functional recovery.41 In addition, direct access to MT is
limited to a minority of LVO patients,42 43 and withholding IVT
in patients presenting to primary stroke centers may result in
‘denial’ of any reperfusion therapy in some patients who will
reach the comprehensive stroke centers outside the time window
for endovascular therapies and in those with unsuccessful
MT.44 45 Finally, the proportion of LVO ‘drip and ship’ patients
who may successfully recanalize during transfer to comprehensive centers without receiving MT is approximately nine-fold
higher in bridging therapy compared with direct MT (11.7%
vs 1.3%), according to the findings of a single-center German
study.46 In the French multicenter PREDICT-RECANAL study
of 686 IVT-treated patients referred for MT, early recanalization (mTICI ≥2 b) after IVT was independently associated with
the drip-and-ship paradigm (adjusted OR 3.3, 95% CI 1.8 to
6.0), with respective recanalization rates of 24.2% and 11.1% in
drip-and-ship and mothership patients after centralized reading
of arterial images.47 Similarly, a Swiss study reported higher
complete recanalization rates before MT in IVT-treated patients
according to the drip-and-ship model compared with the mothership model (13.6% vs 6.2).48
According to a recent systematic review, few observational
studies provide a comparison of direct MT and bridging therapy
in ‘drip-and-ship’ patients.17 A subgroup analysis of the SELECT
(Optimizing Patient Selection for Endovascular Treatment in
Acute Ischemic Stroke) study evaluated LVO patients who were
‘dripped’ in primary stroke centers and ‘shipped’ to MT-capable
centers. This analysis found that the rates of excellent functional
outcome (mRS scores of 0–1) were significantly higher in patients
receiving bridging therapy (36%) compared with direct MT
(10%).49 The investigators documented an overall shift toward
better functional outcomes with bridging therapy compared
with direct MT (adjusted cOR 4.51, 95% CI 1.44 to 14.15).
The rates of 90-day good functional outcome were numerically
but non-significantly higher in the bridging therapy group (47%
vs 29%, p=0.14); similarly, the rates of 90-day mortality were
numerically but non-significantly lower in the bridging therapy
group (13% vs 29%, p=0.10), while the two groups had similar
sICH rates.49 These findings were reproduced by a single-center
German study that reported higher rates of excellent functional
outcome (mRS scores 0–1 or return to prestroke mRS-score) in
‘drip and ship' patients receiving bridging therapy (23% vs 14%
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None
Very serious*
Observational study49
1

Symptomatic intracranial hemorrhage

Not serious

Not serious

Not serious

Not serious*
Not serious
Not serious
Not serious
Observational studies46 49
2

All-cause mortality at 90 days

*Extremely small number of events.
cOR, common OR; GRADE, Grading of Recommendations, Assessment, Development and Evaluations; IVT, intravenous thrombolysis with alteplase; mRS, modified Rankin Score; MT, mechanical thrombectomy; PICO, Population, Intervention, Comparator, Outcome.

CRITICAL
43 fewer per 1000
(from 85 fewer to 222 more)
OR 0.50
(0.06 to 4.55)
5/55 (9.1%)
1/21 (4.8%)

90/341 (26.4%)
None

Strong association
Serious*
Not serious
Not serious
Not serious
Observational study49
1

Reduced disability (≥1 point reduction across all mRS scores at 90 days) – cOR, adjusted analysis

⨁◯◯◯
Very low

CRITICAL
OR 1.42
(0.59 to 3.44)
107/449 (23.8%)

cOR 0.22
(0.07 to 0.69)

-- per 1000
(from -- to --)

69 more per 1000
(from 82 fewer to 280 more)

⨁⨁◯◯
Low

CRITICAL
⨁⨁◯◯
Low

CRITICAL
None
Observational studies46 49
2

Excellent outcome (mRS 0–1 at 90 days)

Not serious

Not serious

Not serious

Not serious*

None
Not serious*
Not serious
Not serious
Not serious
Observational studies49 50
2

Good outcome (mRS 0–2 at 90 days)

⨁⨁◯◯
Low
OR 0.42
(0.16 to 1.09)
48/341 (14.1%)

111/449 (24.7%)

OR 0.63
(0.48 to 0.83)
352/703 (50.1%)
121/311 (38.9%)

IVT+
MT alone
Other
considerations
Imprecision
Indirectness
Inconsistency
Risk of bias
Study design
No. of
studies

126 fewer per 1000
(from 197 fewer to 16 more)

114 fewer per 1000
(from 176 fewer to 46 fewer)

⨁⨁◯◯
Low

Certainty
Absolute
(95% CI)
Relative
(95% CI)

Effect
№ of patients

GRADE evidence profile for PICO 2

For patients with unknown stroke onset, the administration of IVT
in a non-thrombectomy-capable center also guarantees faster initiation of reperfusion therapy, but the risk of delayed MT after IVT

Table 4

Expert consensus statement

Certainty assessment

Additional information

Prior IVT guidelines have deemed the quality of evidence to be
high for alteplase compared with placebo within 4.5 hours of
acute ischemic stroke, and with no evidence of effect modification by stroke etiology.23 Furthermore, the quality of evidence
is also high for the time dependence of benefit of IVT with
alteplase in acute ischemic stroke patients with and without the
presence of LVO, supporting initiation as quickly as possible.24 32
The quality of evidence is reported as low in this recommendation specifically for the distinct question as to whether IVT
should be withheld in MT-eligible patients arriving at a center
without thrombectomy facilities. There are no RCTs to address
this specific question and, furthermore, they are unlikely to
be performed at this time given the absence of support for
this concept from the trials of patients directly admitted to
thrombectomy-capable centers.

CRITICAL

Importance

for direct MT).46 There were no differences in the two groups
with regard to safety outcomes including mortality and sICH.
Finally, an analysis of the French Endovascular Treatment in Ischemic Stroke (ETIS) registry50 reported that among 1507 patients
with anterior circulation LVO stroke treated with MT at three
comprehensive stroke centers, 975 (64.7%) received prior IVT.
In the ‘drip-and-ship’ subgroup (70% of the whole cohort), good
outcome was observed in 50.3% and 39.7% of patients treated
with bridging therapy and direct MT, respectively (unadjusted
OR 1.54, 95% CI 1.14 to 2.07, p=0.005). However, this association was no longer significant after propensity score matching
(OR 1.25, 95% CI 0.86 to 1.82, p=0.25).
We conducted a meta-
analysis of observational studies
comparing direct MT with bridging therapy in drip-and-ship
patients (table 4).46 49 50 The pooled ORs for the association
between direct MT and good and excellent functional outcomes
were 0.63 (95% CI 0.48 to 0.83, p=0.001) (figure 10) and 0.42
(95% CI 0.16 to 1.09, p=0.07; I2=45%) (figure 11), respectively. The probability of reduced disability was lower in the
direct MT group compared with the bridging therapy group
(adjusted cOR 0.22, 95% CI 0.07 to 0.69, p=0.01), but this
result was based on a single study.49 Direct MT was not significantly associated with all-cause mortality at 90 days (OR 1.42,
95% CI 0.59 to 3.44, p=0.43; I2=56% figure 12). In a sensitivity analysis in which propensity score matching results from
the study by Di Maria et al were used instead of unadjusted
results,50 the pooled OR for mRS 0–2 was 0.75 (95% CI 0.53
to 1.07, p=0.11; I2=0%). Table 4 provides details regarding the
assessment of the quality of evidence, which was judged to be
low. Insufficient data were available to conduct analyses for most
of our predefined outcomes.
In view of the above literature considerations and in light of
the neutral results of a first RCT investigating prehospital triage
for patients with suspected LVO, reporting similar outcomes in
‘drip and ship’ and ‘mothership’ models,51 we recommend that
all IVT-eligible anterior circulation LVO patients presenting to
stroke centers without endovascular facilities should receive IVT
before their transfer to MT-capable centers according to current
international recommendations.23 24 Shorter door-in to door-out
times in the primary stroke centers are also recommended to
shorten onset-to-groin-puncture time, another important determinant of functional outcome.52
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Figure 10 Good outcome (mRS 0–2 at 90 days) in ‘drip-and-ship’ large vessel occlusion stroke patients treated with MT alone versus IVT plus MT
within 4.5 hours of symptom onset (unadjusted pooled OR, random-effects meta-analysis). dMT, direct mechanical thrombectomy (MT alone); IVT,
intravenous thrombolysis with alteplase; mRS, modified Rankin Scale; MT, mechanical thrombectomy.
in the drip-and-ship setting is more uncertain given an absence of
data. However, following the same rationale as for the ‘mothership’
patients, the MWG members provide the following expert consensus
statement for patients with wake-up stroke admitted to a center
without MT facilities. The results of the votes for this statement are
provided in online supplemental table 2. This expert consensus statement supersedes the one provided in the 2021 ESO Guideline on
intravenous thrombolysis for patients with wake-up stroke who are
eligible for both IVT and MT.23

DISCUSSION

Based on newly available data from six recent RCTs, we strongly
recommend that patients with anterior circulation LVO ischemic
stroke receive IVT in addition to MT if they are eligible for

both treatments. This general recommendation does not exclude
individual decision-
making under specific conditions, such
as for patients at particularly high risk of complications from
either treatment. A summary of PICO questions, evidence-based
recommendations, and expert consensus statements is provided
in table 5.
The main theoretical benefits from withholding IVT for LVO
patients eligible for MT are efficacy (potentially low efficacy
of IVT in LVO patients53), safety (eg, reduction in intracranial
hemorrhage rate), logistical (time-saving), and economic savings
(cost of alteplase).54 55 The theoretical advantages of adding IVT
include the higher rate of early reperfusion before MT,47 56 the
potentially higher rate of post-interventional reperfusion with

Figure 11 Excellent outcome (mRS 0–1 at 90 days) in ‘drip-and-ship’ large vessel occlusion stroke patients treated with MT alone versus IVT plus
MT within 4.5 hours of symptom onset (unadjusted pooled OR, random-effects meta-analysis). dMT, direct mechanical thrombectomy (MT alone); IVT,
intravenous thrombolysis with alteplase; mRS, modified Rankin Scale; MT: mechanical thrombectomy.
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Figure 12 All-cause mortality at 90 days in ‘drip-and-ship’ large vessel occlusion stroke patients treated with MT alone versus IVT plus MT
within 4.5 hours of symptom onset (unadjusted pooled OR, random-effects meta-analysis). dMT, direct mechanical thrombectomy (MT alone), IVT,
intravenous thrombolysis with alteplase; MT, mechanical thrombectomy.
fewer recanalization attempts,57 potential benefits in patients
with failed MT reperfusion attempts,58 and consequent economic
gains (reduced disability).
The optimal population to assess non-inferiority of MT alone
over bridging therapy seemed to be those patients arriving
directly in the MT-capable center without having received IVT
elsewhere (‘mothership’ paradigm). The study specific pre-
specified non-inferiority boundaries were crossed in four of the
six RCTs.7 9 11 12 Furthermore, pooled results showed a risk difference of −1.9% (95% CI −5.9% to 2.1%) between MT alone
versus bridging therapy for good functional outcome (mRS 0–2)
at 90 days. Therefore, data from over 2300 enrolled patients did
not lead to the demonstration that MT alone is non-inferior to
bridging therapy according to our pre-specified non-inferiority
margin (1.3%). This margin was based on results of a previous
survey aiming to determine the minimal clinically relevant
increase in the proportion of patients achieving good functional
outcome when considering a novel and safe neuroprotective
agent as clinically worthwhile.19 Applying this specific minimal
clinically important difference as a lower non-inferiority margin
for withholding IVT may be considered fairly conservative by
some.59 However, it should be emphasized that non-inferiority
of direct MT would not have been demonstrated even using the
maximum clinically important non-
inferiority margin (5.0%)

Evidence-based recommendation
For patients admitted to a non-thrombectomy-capable center
for an acute ischemic stroke (≤4.5 hours of symptom onset) with
anterior circulation large vessel occlusion and who are eligible
for both treatments, we recommend intravenous thrombolysis
followed by rapid transfer to a center with thrombectomy
facilities over omitting intravenous thrombolysis and transfer to
a center with thrombectomy facilities.
Intravenous thrombolysis should not delay the transfer to a
center with thrombectomy facilities.
Quality of evidence: Low ⊕⊕
Strength of recommendation: Strong ↑↑
224

proposed by our MWG. Only accepting more generous margins,
namely 5.9% (i.e. at least 59 fewer independent outcomes at 90
days among 1000 patients treated with direct MT), would lead
to the conclusion of non-inferiority. While a few clinicians might
personally consider a 6% margin as acceptable, one must also
keep in mind the effect size of previous positive acute stroke
trials. Thus, in the guideline-changing ECASS 3 trial of alteplase
versus placebo in the 3–4.5 hour time window, active treatment was associated with a 5% higher rate of good functional
outcomes (i.e. 50 more patients with mRS 0–2 per 1000 patients
treated).60 Furthermore, when considering the socioeconomic
dimension, a safe neuroprotective would be cost-effective and
clinically worthwhile if it improved the outcome of 2–3% of
treated patients.59 61
The aims of the present document were to conduct a methodologically rigorous appraisal and synthesis of the available
evidence and to provide a practical interpretation of the data in
the form of pragmatic recommendations, which may help ensure

Expert consensus statement
For patients admitted to a non-thrombectomy-capable center
within 4.5 hours of symptom recognition after wake-up ischemic
stroke caused by anterior circulation large vessel occlusion, we
suggest intravenous thrombolysis plus mechanical thrombectomy
over mechanical thrombectomy alone in selected patients.
The selection criteria for IVT and MT for patients with wake-up
stroke are detailed in the corresponding European Guidelines.5 23
Notably, eligibility imaging criteria for IVT include DWI-FLAIR
mismatch or perfusion core/penumbra mismatch*.
*Perfusion core/penumbra mismatch:
**
► Infarct core volume <70 mL
†
**
► and critically hypoperfused volume/infarct core
volume >1.2
► and mismatch volume >10 mL
**rCBF <30% (CT perfusion) or ADC <620 µm2/s (diffusion MRI)
†
Tmax >6 s (perfusion CT or perfusion MRI)
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Table 5

Summary of PICO questions, evidence-based recommendations, and expert consensus statements

Topic/PICO question

Evidence-based recommendation

Expert consensus statement

Mothership
PICO 1: For large vessel occlusion acute ischemic stroke
(≤4.5 hours of symptom onset) patients directly admitted
to a thrombectomy-capable center and eligible for
both treatments, does mechanical thrombectomy alone
compared with intravenous thrombolysis plus mechanical
thrombectomy lead to:
► a non-inferior proportion of patients with good
outcome (mRS 0–2) at 90 days?
► non-inferior or better results on other efficacy
outcomes (whole range of the mRS; mRS 0–1;
successful reperfusion)?
► a reduction in the risk of adverse events (mortality at
90 days, sICH, any ICH)?
► a reduction in key time metrics?

For patients directly admitted to a thrombectomy-capable
center for an acute ischemic stroke (≤4.5 hours of symptom
onset) with anterior circulation large vessel occlusion and who
are eligible for both treatments, we recommend intravenous
thrombolysis plus mechanical thrombectomy over mechanical
thrombectomy alone.
Both treatments should be performed as early as possible after
hospital arrival. Mechanical thrombectomy should not prevent
the initiation of intravenous thrombolysis and intravenous
thrombolysis should not delay mechanical thrombectomy.

For patients directly admitted to a thrombectomy-capable center
within 4.5 hours of symptom recognition after wake-up ischemic
stroke caused by anterior circulation large vessel occlusion, we
suggest intravenous thrombolysis plus mechanical thrombectomy
over mechanical thrombectomy alone in selected patients.
The selection criteria for IVT and MT for patients with wake-up
stroke are detailed in the corresponding European Guidelines.5
23
Notably, eligibility imaging criteria for IVT include DWI-FLAIR
mismatch or perfusion core/penumbra mismatch*.

Drip-and-ship
PICO 2: For large vessel occlusion acute ischemic stroke
(≤4.5 hours of symptom onset) patients admitted to
a non-thrombectomy-capable center and eligible for
both treatments, does mechanical thrombectomy alone
compared with intravenous thrombolysis plus mechanical
thrombectomy lead to:
► a non-inferior proportion of patients with good
outcome (mRS 0–2) at 90 days?
► non-inferior or better results on other efficacy
outcomes (whole range of the mRS; mRS 0–1;
successful reperfusion)?
► a reduction in the risk of adverse events (mortality at
90 days, sICH, any ICH)?
► a reduction in key time metrics?

For patients admitted to a non-thrombectomy-capable center
for an acute ischemic stroke (≤4.5 hours of symptom onset)
with anterior circulation large vessel occlusion and who are
eligible for both treatments, we recommend intravenous
thrombolysis followed by rapid transfer to a center with
thrombectomy facilities over omitting intravenous thrombolysis
and transfer to a center with thrombectomy facilities.
Intravenous thrombolysis should not delay the transfer to a
center with thrombectomy facilities.

Quality of evidence: Moderate ⊕⊕⊕
Strength of recommendation: Strong ↑↑

Quality of evidence: Low ⊕⊕
Strength of recommendation: Strong ↑↑

*Perfusion core/penumbra mismatch:
► Infarct core** volume <70 mL
► and critically hypoperfused† volume/infarct core**
volume >1.2
► and mismatch volume >10 mL
**rCBF <30% (CT perfusion) or ADC <620 µm2/s (diffusion MRI)
†
Tmax >6 s (perfusion CT or perfusion MRI)
For patients admitted to a non-thrombectomy-capable center
within 4.5 hours of symptom recognition after wake-up ischemic
stroke caused by anterior circulation large vessel occlusion, we
suggest intravenous thrombolysis plus mechanical thrombectomy
over mechanical thrombectomy alone in selected patients.
The selected criteria for IVT and MT for patients with wake-up
stroke are detailed in the corresponding European guidelines.5
23
Notably, eligibility imaging criteria for IVT include DWI-FLAIR
mismatch or perfusion core/penumbra mismatch*.
*Perfusion core/penumbra mismatch:
► Infarct core** volume <70 mL
► and critically hypoperfused† volume/infarct core**
volume >1.2
► and mismatch volume >10 mL
**rCBF <30% (CT perfusion) or ADC <620 µm2/s (diffusion MRI)
†
Tmax >6 s (perfusion CT or perfusion MRI)

ADC, apparent diffusion coefficient ; CT, computed tomography; DWI-FLAIR, diffusion weighted imaging-fluid attenuated inversion recovery; ICH, intracranial hemorrhage; IVT, intravenous
thrombolysis with alteplase; MRI, magnetic resonance imaging; mRS, modified Rankin Scale; MT, mechanical thrombectomy; PICO, Population, Intervention, Comparator, Outcome; rCBF, relative
cerebral blood flow; sICH, symptomatic intracranial hemorrhage.

equity in access to care in different locations and organizational
settings. However, some important points need to be considered
for the practical application of our recommendations. First, the
results of the available RCTs are strictly applicable to ‘mothership’ patients only and must not be extrapolated to patients who
receive IVT in other centers (‘drip-and-ship’) or are treated by
interventionalists from other centers (‘drip-and-drive’ or ‘drip-
and-fly’) based mainly on the different times of IVT exposure
and interval between start of IVT and MT and thus potentially
different effectiveness. The data based on currently available RCTs
have no bearing on these ‘non-mothership’ patients and should
not be used to guide their management and related logistics.
Based on systematic reviews and meta-analyses of the available
observational data, we strongly recommend IVT in drip-and-
ship patients. Furthermore, short door-to-IVT and door-to-groin
times remain critical in optimizing the chain of care of patients
with acute LVO. Second, the results of the RCTs are only valid
for patients who can be treated with IVT within 4.5 hours after
symptom onset. Consequently, we could only address the question of whether IVT should be administered in selected patients
with unknown time of onset by means of expert consensus. It
is noteworthy that, in the setting of late time window anterior
circulation LVO stroke, strong evidence exists on the efficacy
of MT,62 63 whereas the available evidence for IVT is limited to
patients who did not undergo MT.36 38 Third, it is important to
consider that the RCTs only addressed the question of direct MT
versus bridging therapy in anterior circulation occlusion strokes.
However, because the level of evidence for MT in basilar artery
occlusion is lower than for anterior circulation occlusion,64–66
with no evidence of heterogeneity for the strong treatment effect

of IVT,67 the MWG members deemed this subgroup as lying
outside the scope of this expedited recommendation document.
Fourth, not only the inclusion criteria but also the population
actually enrolled in the RCTs should be considered (table 2). In
this regard, even though patients with a very low NIHSS score or
a large infarct volume could be enrolled in three of the trials,6 8 9
few of such patients were actually randomized and the generalizability of the available results to these populations is therefore uncertain. Fifth, the trials included in this present analysis
provide information regarding IVT with alteplase only; reliable
evidence for other fibrinolytic agents, such as tenecteplase, or for
a combination of antithrombotics, is lacking. Sixth, at this time
none of the subgroup analyses published so far has disclosed a
significant modification of the treatment effect in specific situations. Likewise, the rate of sICH ranged from 4.8% to 6.8%
in patients randomized to bridging therapy in the five RCTs
where the full dose of alteplase was delivered with no evidence
of heterogeneity across predefined subgroups. Future individual
patient-level meta-analyses of all RCTs might disclose subgroups
in whom direct MT is superior to IVT plus MT, which could lead
to more personalized treatment strategies. Finally, all the trials
were conducted using currently available MT devices; as new
and more effective devices may lead to faster and more complete
reperfusion, updating of the present recommendations may be
required in the future.
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