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Abstract
Within the last year, four randomised-controlled clinical trials (RCTs) have been published comparing intravenous 
thrombolysis (IVT) with tenecteplase and alteplase in acute ischaemic stroke (AIS) patients with a non-inferiority design 
for three of them. An expedited recommendation process was initiated by the European Stroke Organisation (ESO) and 
conducted according to ESO standard operating procedure based on the Grading of Recommendations, Assessment, 
Development and Evaluations (GRADE) framework. We identified three relevant Population, Intervention, Comparator, 
Outcome (PICO) questions, performed systematic reviews of the literature and meta-analyses, assessed the quality of 
the available evidence, and wrote evidence-based recommendations. Expert consensus statements were provided if 
insufficient evidence was available to provide recommendations based on the GRADE approach. For patients with AIS of 
<4.5 h duration who are eligible for IVT, tenecteplase 0.25 mg/kg can be used as a safe and effective alternative to alteplase 
0.9 mg/kg (moderate evidence, strong recommendation). For patients with AIS of <4.5 h duration who are eligible for 
IVT, we recommend against using tenecteplase at a dose of 0.40 mg/kg (low evidence, strong recommendation). For 
patients with AIS of <4.5 h duration with prehospital management with a mobile stroke unit who are eligible for IVT, 
we suggest tenecteplase 0.25 mg/kg over alteplase 0.90 mg/kg (low evidence, weak recommendation). For patients with 
large vessel occlusion (LVO) AIS of <4.5 h duration who are eligible for IVT, we recommend tenecteplase 0.25 mg/kg 
over alteplase 0.9 mg/kg (moderate evidence, strong recommendation). For patients with AIS on awakening from sleep 
or AIS of unknown onset who are selected with non-contrast CT, we recommend against IVT with tenecteplase 0.25 mg/
kg (low evidence, strong recommendation). Expert consensus statements are also provided. Tenecteplase 0.25 mg/kg may 
be favoured over alteplase 0.9 mg/kg for patients with AIS of <4.5 h duration in view of comparable safety and efficacy 
data and easier administration. For patients with LVO AIS of <4.5 h duration who are IVT-eligible, IVT with tenecteplase 
0.25 mg/kg is preferable over skipping IVT before MT, even in the setting of a direct admission to a thrombectomy-capable 
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Introduction

Intravenous thrombolysis (IVT) with alteplase is the only 
approved fibrinolytic treatment for patients with acute 
ischaemic stroke (AIS).1,2 Alteplase at the dose of 0.9 mg/
kg (maximum 90 mg) is administrated as a 10% bolus fol-
lowed by a 1-h continuous infusion. Tenecteplase is a 
genetically modified form of alteplase with an increased 
resistance to plasminogen activator inhibitor 1, a greater 
fibrin specificity and a longer half-life, allowing for single 
bolus administration.3,4 Compared to alteplase, IVT with 
tenecteplase resulted in similar mortality and led to a reduc-
tion of systemic bleeding in patients with acute myocardial 
infarction.5 Hence, tenecteplase is the recommended first-
line thrombolytic agent when coronary intervention is not 
available in a timely fashion.6 In animal models of AIS, 
tenecteplase seems to be associated with more rapid and 
complete reperfusion than alteplase, with less intracranial 
haemorrhages.7,8 After several phase 2 trials in AIS patients 
testing doses ranging from 0.10 to 0.50 mg/kg (maximum 
bolus dose of 10–50 mg), the doses of 0.10–0.40 mg/kg 
were considered to have the more advantageous profile of 
safety.9,10 Easier IVT administration with a single tenect-
eplase bolus is advantageous in the setting of AIS, being 
less time consuming in an emergency setting, potentially 
reducing door-to-needle time, and facilitating the organisa-
tion of intra- and inter-hospital transfers for patients eligi-
ble for mechanical thrombectomy (MT).11,12 The 
combination of these preliminary efficacy and safety data 
with its practical advantages, has led to the formal compari-
son of tenecteplase and alteplase in randomised-controlled 
clinical trials (RCT) for AIS patients eligible for IVT.

Based on the analysis of available RCTs, European 
Stroke Organisation (ESO) guidelines in 2021, suggested 
IVT with alteplase over tenecteplase for patients with AIS 
within 4.5 h of stroke onset and not eligible for MT.2,13–15 
For patients with an identified large vessel occlusion 
(LVO), ESO guidelines analysed data from available RCTs 
and a study level meta-analysis.2 They suggested IVT with 
0.25 mg/kg tenecteplase over alteplase in patients with AIS 
within 4.5 h of stroke onset and LVO who were candidates 
for mechanical thrombectomy (MT).2,16–18

Within the last year, 4 RCTs comparing IVT with tenect-
eplase and alteplase have been published, with three of 

them using non-inferiority designs.19–22 In light of these 
new data, we sought to update our previous ESO guidelines 
in order to reconsider the place of intravenous tenecteplase 
in patients with AIS eligible for IVT.

Methods

This expedited recommendation was initiated by ESO and 
prepared according to the ESO standard operating proce-
dure,23 which is based on the Grading of Recommendations, 
Assessment, Development and Evaluations (GRADE) sys-
tem.24 The ESO Guideline Board and ESO Executive 
Committee reviewed the intellectual and financial disclo-
sures of all module working group (MWG) members 
(Supplemental Table 1) and approved the composition of 
the group, which was chaired by Sonia Alamowitch and 
Georgios Tsivgoulis. The MWG was composed of nine vot-
ing members and two fellows with non-voting rights.

The steps undertaken by the MWG are summarised as 
follows:

1.	 The single topic of whether IVT with tenecteplase 
may be administered instead of the current standard 
of care (IVT with alteplase at a dose of 0.9 mg/kg) in 
patients with acute ischaemic stroke (AIS) was con-
sidered in this expedited recommendation. However, 
the MWG deemed it to be important to consider 
separately the role of IVT with tenecteplase for all 
AIS patients and, specifically, in patients with AIS 
due to large vessel occlusion (LVO). This approach 
was justified by the results of a recent pairwise meta-
analysis25 indicating the superiority of IVT with 
tenecteplase over alteplase in this specific stroke 
subgroup and recent ESO guidelines2 on IVT for 
AIS that provide different recommendations for the 
use of tenecteplase in ‘unselected’ AIS (i.e. not 
selected based on vessel occlusion status or findings 
of advanced neuroimaging) and in LVO patients. 
Furthermore, AIS patients treated with tenecteplase 
at a dose of 0.25 mg/kg and at a dose of 0.4 mg/kg 
were separately evaluated in comparison to the cur-
rent standard of care (IVT with alteplase at a dose of 
0.9 mg/kg).

centre. IVT with tenecteplase 0.25 mg/kg may be a reasonable alternative to alteplase 0.9 mg/kg for patients with AIS on 
awakening from sleep or AIS of unknown onset and who are IVT-eligible after selection with advanced imaging.
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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).24 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) for patients 
with AIS:

•• Excellent functional outcome,26–28 defined as 90-day 
modified Rankin Scale (mRS) scores of 0–1: 8.7

•• Good functional outcome,26–28 defined as 90-day 
mRS scores of 0–2: 7.9

•• Reduced disability5,6 (⩾1-point reduction in mRS-
score at 90 days): 7.8

•• Symptomatic intracranial haemorrhage (sICH) at 
24–48 h: 7.7

•• Mortality at 90 days: 7.6

The following 9 other outcomes were considered to be 
of importance, but not critical (mean score 6–4) for making 
a decision for patients with AIS:

•• Major neurological improvement (according to defi-
nitions used in individual trials) at 24-–72 h: 6.2

•• Reperfusion at 24 h: 6.2
•• Final infarct volume at 24 h: 5.9
•• Quality of life metrics [measured with the EuroQol-5 

Dimension (EQ5D) at 90 days]: 5.8
•• Ischaemic core growth within the first 24 h: 5.6
•• Door-to-needle time: 5.4
•• Any ICH: 5.1
•• Onset-to-treatment time: 5.0
•• Extracranial bleeding: 4.7

According to GRADE, five outcomes were considered 
to be of critical importance (mean score of 7–9) for the sub-
group of patients with LVO:

•• Good functional outcome at 90 days: 8.3
•• Excellent functional outcome at 90 days: 8.2
•• Reduced disability at 90 days: 7.8
•• sICH at 24–48 h: 7.7
•• Mortality at 90 days: 7.6

A total of 12 other outcomes were considered to be of 
importance, but not critical (mean score 6–4) for making a 
decision for the subgroup of patients with LVO:

•• Recanalisation29,30 at the end of Mechanical 
Thrombectomy (MT) or at 24 h defined as modified 
Treatment In Cerebral Ischaemia (mTICI) score 
⩾2b: 6.8

•• Recanalisation29,30 before MT at first angiographic 
acquisition [(mTICI) score ⩾2b] or averted MT: 6.8

•• Reperfusion at 24 h: 6.3
•• Major neurological improvement at 24–72 h: 6.2
•• Final infarct volume at 24 h: 6.2
•• Quality of life metrics: 5.9
•• Ischaemic core growth within the 24 h: 5.7
•• Door-to-needle time: 5.8
•• Needle to groin puncture time: 5.6
•• Any ICH: 5.1
•• Onset-to-treatment time: 5.1
•• Extracranial bleeding: 4.7

Based on this vote, excellent functional outcome (mRS 
0–1 at 90 days) was defined as the outcome of highest pri-
ority for all AIS and was considered first. Moreover, good 
functional outcome (mRS 0–2 at 90 days) was defined as 
the outcome of highest priority for the PICO question 
related to LVO patients. Unless specified otherwise, 
reduced disability26,27 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) ques-
tions, which were reviewed and subsequently 
approved by external reviewers and members of  
the ESO Guideline Board and ESO Executive 
Committee.

4.	 The recommendation for the PICO questions were 
based on a systematic review of RCTs comparing 
IVT with tenecteplase to IVT with alteplase. The 
literature research used the three following biblio-
graphic databases (Pubmed, Embase, Cochrane 
Library) and was conducted up to September  
2022. We have also included results of RCTs pre-
sented at international conferences that were not 
published at the time of preparation of this expe-
dited recommendation.

5.	 The risk of bias in each RCT was assessed using the 
Cochrane’s collaboration Risk of Bias 2 (RoB2) 
tool.31

6.	 Whenever appropriate, random-effects meta-analy-
ses were conducted using R software version 3.5.0 
(metafor package).32 Results were summarised as 
odds ratio (ORs), common Odds Ratios (cOR), or 
risk difference (RD) with their 95% confidence 
intervals (CIs).27,28 Time metrics and infarct vol-
umes were evaluated using differences of medians 
or means (MD) with corresponding interquartile 
ranges (IQRs) or standard deviations (SD), 
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respectively, as provided in individual studies.28 
The pooled mean difference is reported with corre-
sponding 95%CI.27 Heterogeneity was classified as 
low (I2<30%), moderate (I2 ⩾ 30%), substantial 
(I2 ⩾ 50%), or considerable (I2 ⩾ 75%).27,28

7.	 Before statistical analyses were conducted the 
MWG decided that the assessment of non-inferior-
ity would be based on the absolute difference (RD) 
in the proportions of AIS patients achieving excel-
lent functional outcome (mRS 0–1) between the 
two treatment groups (IVT with tenecteplase and 
IVT with alteplase, the latter being the reference 
group). An absolute non-inferiority margin was 
chosen via secret ballot voting. The minimal and 
maximal values for a non-inferiority margin advo-
cated by MWG members were 1.3% and 3.0%, 
respectively. A majority (7/9) of MWG members 
voted for a margin of 3.0% that was the most strin-
gent absolute non-inferiority margin selected among 
all published RCTs comparing the safety and effi-
cacy of IVT with tenecteplase to IVT with alteplase 
in AIS patients.22 Another argument for the selec-
tion of this specific non-inferiority margin was 
based on the findings of an individual participant 
data meta-analysis (IPD-MA) of RCTs comparing 
IVT with alteplase and placebo in AIS patients.1 
The corresponding estimate of weighted absolute 
effect for excellent functional outcome with 
alteplase compared to placebo for the IPD-MA pop-
ulation was 8.5% (95% CI 6%–11%) based on the 
proportions of patients treated within 0–4.5 h from 
symptom onset.1 The absolute non-inferiority mar-
gin of 3% was chosen since it would preserve at 
least half of the conservative (lower 95%CI limit) 
estimate of alteplase effect.33,34 Two out of nine 
MWG members voted for a margin of 1.3% which 
corresponds to the median minimal clinically 
important difference in a survey of U.S. stroke neu-
rologists.35 Therefore, we prespecified that for the 
present recommendation, non-inferiority would be 
met for excellent functional outcome in all AIS 
patients if the lower 95% CI boundary of the ran-
dom-effects pooled RD was superior or equal to 
−3.0%. An absolute non-inferiority margin of 1.3% 
was also assessed for AIS patients as a secondary 
analysis. For LVO patients, the MWG decided that 
the assessment of non-inferiority would be based on 
the RD in the proportions of LVO patients achiev-
ing good functional outcome (mRS 0–2) between 
the two treatment groups (IVT with tenecteplase 
and IVT with alteplase, the latter being the refer-
ence group), since good functional outcome was 
graded as the one with the highest clinical impor-
tance in the LVO subgroup. A non-inferiority mar-
gin of 1.3% was unanimously chosen by all MWG 

members for reasons of consistency with a previous 
ESO expedited recommendation that evaluated the 
comparative safety and efficacy of direct MT com-
pared to bridging therapy (IVT and MT) in LVO 
patients.27 In this recommendation a non-inferiority 
margin of 1.3% was selected for the RD in good 
functional outcome between the two treatment 
groups (direct MT and bridging therapy).27 A non-
inferiority margin of 3.0% was also assessed for 
LVO patients as a secondary analysis. For all 
reported analyses, random-effects pooled RD was 
calculated using the DerSimonian and Laird 
method.36 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 evi-
dence (randomised) and considerations on incon-
sistency of results, indirectness of evidence, 
imprecision of results, and risk of bias.24 GRADE 
evidence profiles/summary of findings tables were 
generated using GRADEPro.

9.	 As per ESO standard operating procedures,23 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 summarised and briefly 
discussed. Where no RCT was available, this para-
graph described results of systematic reviews of 
non-randomised studies. At the end of the first par-
agraph, an evidence-based recommendation was 
provided, based on the GRADE methodology. The 
direction, the strength and the formulation of the 
recommendation were determined according to the 
GRADE evidence profiles and the ESO standard 
operating procedure. Second, an ‘Additional infor-
mation’ paragraph could be added to provide more 
details on randomised trials mentioned in the first 
paragraph, to summarise results of observational 
studies, or to provide information on ongoing or 
future trials. Third, an ‘Expert consensus state-
ment’ paragraph was added whenever the PICO 
group deemed that the available evidence was 
insufficient to provide evidence-based recommen-
dations for situations in which practical guidance is 
needed for routine clinical practice. In that case, a 
pragmatic suggestion was provided, together with 
the results of the votes of all MWG members. 
Importantly, the suggestions provided in this para-
graph should not be mistaken as evidence-based 
recommendations.
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10.	 This Expedited Recommendation document was 
subsequently reviewed several times by all MWG 
members, and iteratively modified until a consen-
sus was reached. Finally, the document was 
reviewed and approved by external reviewers  
and members of the ESO Guideline Board and 
Executive Committee.

Results

PICO 1 AIS patients <4.5 h 
1.1 For patients with acute ischaemic stroke of <4.5 h dura-
tion, does intravenous thrombolysis with tenecteplase 0.25 
mg/kg compared with intravenous thrombolysis with 
alteplase 0.90 mg/kg lead to:

(a) 	 a non-inferior proportion of patients with excellent 
functional outcome (mRS scores of 0–1) at 90 days?

(b) 	 non-inferior or better results on other efficacy out-
comes (mRS shift analysis at 90 days, good func-
tional outcome defined by mRS 0–2 at 90 days, 
major neurological improvement at 24–72 h, 
improved quality of life metrics)?

c) 	 a reduction in the risk of adverse events (mortality 
at 90 days, symptomatic intracranial haemorrhage, 
any intracranial haemorrhage, any parenchymal 
haematoma, extracranial bleeding)?

(d) 	 a reduction in key time metrics (onset-to-treatment 
time, door-to-needle time)?

(e) 	 an improvement in neuroimaging parameters (rep-
erfusion at 24 h, final infarct volume at 24 h, ischae-
mic core growth within the first 24 h)?

Analysis of current evidence.  The literature search identified 
seven published RCTs addressing this PICO question.

TNK-S2B (Study of Tenecteplase in Acute Ischaemic 
Stroke) was a double-blind, phase 2b/3 RCT that randomised 
112 AIS patients in the United States within 3 h from symp-
tom onset in 4 treatment arms (tenecteplase 0.10, 0.25, 
0.40 mg/kg or alteplase 0.9 mg/kg).13 During phase 2b, the 
trial explored the optimal dose of tenecteplase to carry for-
ward, based on a composite outcome measure that included 
sICH within 24 h and functional outcome at 3 months. The 
0.40 mg/kg dose was discarded as inferior after only 73 
patients were randomised, but the selection process was still 
unable to distinguish between 0.10 and 0.25 mg/kg as a pro-
pitious dose at the time the trial was stopped. There was not 
a statistically significant difference in 3-month outcomes 
between the 0.10 and 0.25 mg/kg tenecteplase groups and 
alteplase. sICH rates were 0%, 6.5% and 15.8% for the 0.10, 
0.25 and 0.40 mg/kg tenecteplase groups respectively.

TAAIS (Tenecteplase versus Alteplase for Acute 
Ischaemic Stroke) was a phase 2b RCT with prospective, 
randomised, open-label, blinded end-point (PROBE) 
design that randomised 75 AIS patients in Australia 

presenting within 6 h from symptom onset, with evidence 
of vessel occlusion on computed tomographic (CT) angiog-
raphy and a perfusion lesion at least 20% greater than the 
infarct core on CT perfusion imaging at baseline in three 
treatment arms (tenecteplase 0.10, 0.25 mg/kg or alteplase 
0.9 mg/kg).16 Patients that were offered MT were excluded 
from this study. The co-primary endpoints included the pro-
portion of the perfusion lesion that was reperfused at 24 h 
on perfusion-weighted magnetic resonance imaging (MRI), 
and the extent of clinical improvement at 24 h as assessed 
on NIHSS scores. Together, the two tenecteplase groups 
had greater reperfusion and neurological improvement at 
24 h than the alteplase group. There were no significant 
between-group differences in intracranial bleeding or other 
serious adverse events. The 0.25 mg/kg dose of tenect-
eplase was superior to both the 0.10 mg/kg dose and 
alteplase for all efficacy outcomes including excellent func-
tional outcome at 3 months (72% with 0.25 mg/kg tenect-
eplase dose vs 40% with alteplase; p = 0.02). Yet, this study 
was limited due to the inclusion of a modest number of 
patients in each arm.

ATTEST (Alteplase-Tenecteplase Trial Evaluation for 
Stroke Thrombolysis) was a phase 2 RCT with PROBE 
design that randomised 104 patients with supratentorial 
AIS in the United Kingdom within 4.5 h from symptom 
onset in two treatment arms: tenecteplase 0.25 mg/kg or 
alteplase 0.9 mg/kg.15 Almost three-quarters of the included 
patients had an arterial occlusion on CT angiography; how-
ever, MT was not performed. The primary endpoint was the 
percentage of penumbra salvaged (CT perfusion-defined 
penumbra volume at baseline minus CT infarct volume at 
24–48 h). Clinical and radiological efficacy and safety end-
points did not differ between the tenecteplase and alteplase 
groups.

EXTEND-IA TNK (Tenecteplase versus Alteplase before 
Endovascular Therapy for Ischaemic Stroke) was a phase 2 
RCT with PROBE design that randomised 202 LVO  
patients who were eligible to undergo mechanical thrombec-
tomy (MT) within 4.5 h from symptom onset in Australia 
and New Zealand in two treatment arms: tenecteplase  
0.25 mg/kg or alteplase 0.9 mg/kg.17 The primary endpoint 
was reperfusion of greater than 50% in the involved ischae-
mic territory or absence of retrievable thrombus at the time 
of the initial angiographic assessment. The primary end-
point occurred in 22% of the patients treated with tenect-
eplase versus 10% of those treated with alteplase (incidence 
rate ratio, 2.2; 95%CI: 1.1–4.4; p = 0.002 for non-inferiority; 
p = 0.03 for superiority). Tenecteplase resulted in reduced 
disability at 90-days (adjusted common odds ratio for ⩾ 
1-point decrease across all mRS-scores: 1.7; 95%CI: 1.0–
2.8; p = 0.04). sICH occurred in 1% of the patients in each 
group. In summary, tenecteplase before MT was associated 
with a higher incidence of reperfusion and reduced disabil-
ity at 90 days among LVO patients with AIS treated within 
4.5 h after symptom onset.
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TRACE (Tenecteplase Reperfusion Therapy in Acute 
Ischaemic Cerebrovascular Events) was a phase 2 RCT 
with PROBE design that randomised 236 AIS patients in 
China within 3 h from symptom onset in 4 treatment  
arms (tenecteplase 0.10, 0.25, 0.32 mg/kg or alteplase 
0.9 mg/kg).19 The primary endpoint was sICH within 24 h. 
The rates of sICH were 5.0%, 0%, 3.3% and 1.7% in the 
tenecteplase 0.10 mg/kg group, 0.25 mg/kg group, 0.32 mg/
kg group and in the alteplase group, respectively. There 
were no significant between-group differences in severe 
adverse events and functional outcomes.

TASTE-A (Tenecteplase Versus Alteplase for Stroke 
Thrombolysis Evaluation Trial in the Ambulance) was a 
phase 2 RCT with PROBE design that randomised 104 AIS 
patients in mobile stroke units (MSUs) in Australia within 
4.5 h from symptom onset in two treatment arms: tenect-
eplase 0.25 mg/kg or alteplase 0.9 mg/kg.20 The primary 
endpoint was the volume of the perfusion lesion on arrival 
at hospital, assessed by CT-perfusion imaging. On hospital 
arrival the perfusion lesion volume was significantly 
smaller in the tenecteplase arm [median 12 mL (IQR 3–28)] 
compared with alteplase [35 mL (IQR 18–76)]; adjusted 
incidence rate ratio 0.55 (95%CI: 0.37–0.81; p = 0.003)]. At 
90 days, mRS-scores of 5 or 6 were reported in 15% and 
20% of patients allocated to tenecteplase and alteplase 
respectively (adjusted OR: 0.70, 95%CI: 0.23–2.16; 
p = 0.54). Additionally, there were no significant differ-
ences among patients treated with tenecteplase versus 
alteplase on any functional outcome at 90 days.

AcT (Alteplase compared to Tenecteplase) was a phase 
3, registry-based, non-inferiority RCT with PROBE design 
that randomised 1600 AIS patients in Canada within 4.5 h 
from symptom onset in two treatment arms: tenecteplase 
0.25 mg/kg or alteplase 0.9 mg/kg.21 The primary endpoint 
was the proportion of patients with excellent functional out-
come (mRS 0–1), measured as close to 90 days after ran-
domisation as possible (median follow-up duration of 
97 days), with allowance of follow-up evaluations being up 
to 120 days after randomisation. Non-inferiority would 
have been met if the lower 95% CI of the difference in the 
proportion of patients with excellent functional outcome 
between the tenecteplase and alteplase groups was more 
than –5%. The rates of primary endpoint were 36.9% in the 
tenecteplase group and 34.8% in the alteplase group [unad-
justed risk difference 2.1% (95%CI: –2.6 to 6.9)], meeting 
the pre-specified non-inferiority threshold. In safety analy-
ses, the rates of sICH were 3.4% and 3.2% for tenecteplase 
and alteplase, respectively.

MWG assessment of the risk of bias in each RCT accord-
ing to the Cochrane RoB-2 tool with regard to excellent 
functional outcome at 90 days is presented in Figure 1. All 
studies were considered to be at overall low risk of bias, 
except for the following: (i) AcT21 and TNK-S2B,13 which 
presented some concerns due to small deviations from 
intended interventions; (ii) ATTEST,15 due to concerns 
regarding the assessment of endpoint, since masking to 
treatment allocation for clinical endpoints’ assessment 
could not be guaranteed.

Figure 1.  Risk of bias in each randomised controlled clinical trial of IVT with tenecteplase at a dose of 0.25 mg/kg versus IVT with 
alteplase for AIS patients, with regards to excellent functional outcome at 90 days.
Small deviations from intended interventions were noticed: (i) in the AcT trial, where 6/806 patients randomised to the tenecteplase – group 
and 9/771 randomised to the alteplase – group did not receive the assigned treatment, and (ii) in the TNK-S2B trial, where one patient who was 
randomised to the alteplase – group received 0.25 mg/kg tenecteplase and one patient who was randomised to 0.25 mg/kg tenecteplase received 0.7 
mg/kg tenecteplase.
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We conducted a study-level random-effects meta-analy-
sis of the seven RCTs comparing IVT with tenecteplase 
0.25 mg/kg versus IVT with alteplase 0.9 mg/kg, compris-
ing a total of 2197 AIS patients. Compared to patients ran-
domised to IVT with alteplase the pooled unadjusted OR 
for excellent functional outcome in patients randomised to 
IVT with tenecteplase was 1.17 (95%CI: 0.98–1.39; 
p = 0.08; I2 = 0%; Figure 2). The corresponding risk differ-
ence was 3.68% (95%CI: −0.32% to 7.69%; p = 0.07; 
I2 = 0%; Figure 3). Therefore, non-inferiority was met for 
the excellent functional outcome based on our pre-specified 
3% margin. Importantly though, non-inferiority was also 

met based on the minimum clinically important difference 
of 1.3% proposed by some MWG members. Similar results 
were obtained when we conducted a sensitivity analysis for 
excellent functional outcome after additional inclusion of 
all patients returning to baseline mRS (Figures 4 and 5). A 
second sensitivity analysis was performed by excluding the 
RCTs that used additional selection criteria: (i) patients in 
TAAIS16 were selected on the basis of visible arterial occlu-
sion on CT angiography and the presence of certain CT per-
fusion mismatch and (ii) patients in EXTEND-IA TNK17 
were selected based on contrast angiography and eligibility 
of mechanical thrombectomy. Similar results were also 

Figure 2.  Excellent functional outcome (mRS 0–1 at 90 days) in patients with acute ischaemic stroke of <4.5 h duration treated 
with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg (unadjusted 
pooled OR, random-effects metaanalysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; mRS: modified Rankin scale.

Figure 3.  Pooled risk difference (in percent) for excellent functional outcome (mRS 0–1 at 90 days) in patients with acute 
ischaemic stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous 
thrombolysis with alteplase 0.90 mg/kg (unadjusted pooled RD, random-effects meta-analysis).
The green dashed line indicates the prespecified non-inferiority margin of −3%.
TNK: tenecteplase; IV: inverse variance; RD: risk difference; CI: confidence interval; mRS: modified Rankin scale.
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obtained in this sensitivity analysis: pooled unadjusted OR 
for excellent functional outcome 1.11 (95%CI: 0.92–1.34; 
p = 0.26; I2 = 0%; Figure 6); corresponding risk difference 
2.52% (95%CI: −1.73% to 6.77%; p = 0.24; I2 = 0%; Figure 
7). In all sensitivity analyses, non-inferiority was met for 
the excellent functional outcome based on our pre-specified 
3% margin.

The pooled unadjusted OR for good functional outcome 
with tenecteplase was 1.36 (95%CI: 0.92–2.00; p = 0.12; 
I2 = 55%; Figure 8). The corresponding risk difference was 
8.11% (95%CI: −1.41% to 17.62%; p = 0.10; I2 = 62%; 

Figure 9). Therefore, non-inferiority was met for good 
functional outcome based on our pre-specified 3% margin. 
Similar results were obtained when we conducted a sensi-
tivity analysis for good functional outcome after additional 
inclusion of all patients returning to baseline mRS (Figures 
10 and 11). The unadjusted common OR (cOR) for reduced 
disability with tenecteplase was 1.13 (95%CI: 0.97–1.31; 
p = 0.13; I2 = 0%; Figure 12). Tenecteplase was associated 
with higher odds of major neurological improvement, 
defined as a NIHSS reduction of at least 8 points at 24–
72 h (OR = 2.44; 95%CI: 1.09–5.46; p = 0.03; I2 = 65%; 

Figure 4.  Sensitivity analysis for excellent functional outcome (mRS 0–1 at 90 days) in patients with acute ischaemic stroke of 
<4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with alteplase 
0.90 mg/kg, after additional inclusion of all patients returning to baseline mRS (unadjusted pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; mRS: modified Rankin scale.

Figure 5.  Sensitivity analysis for pooled risk difference (in percent) for excellent functional outcome (mRS 0–1 at 90 days) in 
patients with acute ischaemic stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus 
intravenous thrombolysis with alteplase 0.90 mg/kg, after additional inclusion of all patients returning to baseline mRS (unadjusted 
pooled RD, random-effects meta-analysis).
The green dashed line indicates the prespecified non-inferiority margin of −3%.
TNK: tenecteplase; IV: inverse variance; RD: risk difference; CI: confidence interval; mRS: modified Rankin scale.
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Figure 6.  Sensitivity analysis for excellent functional outcome (mRS 0–1 at 90 days) in unselected patients with acute ischaemic 
stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis 
with alteplase 0.90 mg/kg, after excluding the randomised controlled clinical trials that used additional selection criteria (unadjusted 
pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; mRS: modified Rankin scale.

Figure 7.  Sensitivity analysis for pooled risk difference (in percent) for excellent functional outcome (mRS 0–1 at 90 days) in 
unselected patients with acute ischaemic stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.25 
mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg, after excluding the randomised controlled clinical trials that used 
additional selection criteria (unadjusted pooled RD, random-effects meta-analysis).
The green dashed line indicates the prespecified non-inferiority margin of −3%.
TNK: tenecteplase; IV: inverse variance; RD: risk difference; CI: confidence interval; mRS: modified Rankin scale.

Figure 8.  Good functional outcome (mRS 0–2 at 90 days) in patients with acute ischaemic stroke of <4.5 h duration treated 
with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg (unadjusted 
pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; mRS: modified Rankin scale.
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Figure 9.  Pooled risk difference (in percent) for good functional outcome (mRS 0–2 at 90 days) in patients with acute ischaemic 
stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis 
with alteplase 0.90 mg/kg (unadjusted pooled RD, random-effects meta-analysis).
The green dashed line indicates the prespecified non-inferiority margin of −3%.
TNK: tenecteplase; IV: inverse variance; RD: risk difference; CI: confidence interval; mRS: modified Rankin scale.

Figure 10.  Sensitivity analysis for good functional outcome (mRS 0–2 at 90 days) in patients with acute ischaemic stroke of <4.5 h 
duration treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with alteplase 0.90 
mg/kg, after additional inclusion of all patients returning to baseline mRS (unadjusted pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; mRS: modified Rankin scale.

Figure 11.  Sensitivity analysis for pooled risk difference (in percent) for good functional outcome (mRS 0–2 at 90 days) in 
patients with acute ischaemic stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus 
intravenous thrombolysis with alteplase 0.90 mg/kg, after additional inclusion of all patients returning to baseline mRS (unadjusted 
pooled RD, random-effects meta-analysis).
The green dashed line indicates the prespecified non-inferiority margin of −3%.
TNK: tenecteplase; IV: inverse variance; RD: risk difference; CI: confidence interval; mRS: modified Rankin scale.
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Figure 13). We also conducted a sensitivity analysis after 
excluding EXTEND-IA TNK17 that reported this outcome 
at 72 h, which also confirmed this association (Figure 14). 
With regard to the quality of life metrics, only the AcT 

trial21 reported this outcome and found similar quality of 
life between tenecteplase and alteplase.

The rates of sICH according to individual study defini-
tion did not differ between treatment groups (OR = 0.98; 

Figure 12.  Pooled unadjusted common odds ratio for reduced disability (improvement of a least 1 point on the mRS at 90 days) in 
patients with acute ischaemic stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus 
intravenous thrombolysis with alteplase 0.90 mg/kg (unadjusted pooled cOR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; cOdds Ratio: common odds ratio; CI: confidence interval; TE: treatment effect; SE: standard error.

Figure 13.  Major neurological improvement at 24–72 h in patients with acute ischaemic stroke of <4.5 h duration treated with 
intravenous thrombolysis with tenecteplase 0.25 mg/kg versus with intravenous thrombolysis with alteplase 0.90 mg/kg (unadjusted 
pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval.

Figure 14.  Sensitivity analysis for major neurological improvement after excluding EXTEND-IA TNK4 that reported this outcome 
at 72 h in patients with acute ischaemic stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.25 mg/
kg versus intravenous thrombolysis with alteplase 0.90 mg/kg (unadjusted pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval.
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95%CI: 0.59–1.62; p = 0.93; I2 = 0%; Figure 15). A sensitiv-
ity analysis including the studies that reported sICH by the 
SITS-MOST definition (which was the most common 
available definition across all trials) yielded similar results 
(Figure 16). The rates of any intracranial haemorrhage were 
lower with tenecteplase compared to alteplase (OR = 0.62; 
95%CI: 0.49–0.79; p < 0.01; I2 = 0%; Figure 17). We also 
conducted a sensitivity analysis after excluding TRACE5 
that reported this outcome at 90 days, which also confirmed 
this association (Figure 18). However, the rates of any 
parenchymal haematoma were not different across treat-
ment groups (OR = 0.56; 95%CI: 0.09–3.75; p = 0.55; 
I2 = 57%; Figure 19). The rates of extracranial bleeding did 
not differ across treatment groups (OR = 1.23; 95%CI: 
0.60–2.53; p = 0.57; I2 = 18%; Figure 20). A sensitivity  
analysis including the studies that reported major extracra-
nial bleeding yielded similar results (Figure 21). All-cause 
mortality at 3 months was similar between the two 

treatment groups (OR = 0.88; 95%CI: 0.65–1.19; p = 0.39; 
I2 = 7%; Figure 22).

No significant difference in door-to-needle time was 
uncovered between the two treatment groups (difference in 
medians = −3.7 min; 95%CI: −9.5 to 2.2 min; p = 0.22; 
I2 = 83%; Figure 23). Similarly, there was no association of 
treatment with tenecteplase versus alteplase and elapsed 
time between symptom onset and bolus administration (dif-
ference in median onset-to-needle time = −5.2 min; 95%CI: 
−12.1 to 1.7 min; p = 0.14; I2 = 0%; Figure 24).

Final infarct volume did not differ between the two treat-
ment arms (mean difference = 4.5 mL; 95%CI: −3.1 to 
12.2 mL; p = 0.25; I2 = 0%; Figure 25). Furthermore, ischae-
mic core growth within the first 24 h was also similar across 
treatment groups (difference in medians = −2.1 mL; 
95%CI: −4.4 to 0.3 mL; p = 0.08; I2 = 0%; Figure 26).

Table 1 provides details regarding the assessment of the 
quality of evidence for all outcomes evaluated in PICO 1.1.

Figure 15.  Symptomatic intracranial haemorrhage according to individual study definition in patients with acute ischaemic stroke 
of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with 
alteplase 0.90 mg/kg (unadjusted pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; sICH: Symptomatic intracranial haemorrhage.

Figure 16.  Sensitivity analysis for symptomatic intracranial haemorrhage according to SITS-MOST definition in patients with 
acute ischaemic stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous 
thrombolysis with alteplase 0.90 mg/kg (unadjusted pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; sICH: Symptomatic intracranial haemorrhage.
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Figure 17.  Any intracranial haemorrhage in patients with acute ischaemic stroke of <4.5 h duration treated with intravenous 
thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg (unadjusted pooled OR, 
random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; ICH: intracranial haemorrhage.

Figure 18.  Sensitivity analysis for any intracranial haemorrhage in patients with acute ischaemic stroke of <4.5 h duration treated 
with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg, after 
excluding TRACE5 that reported this outcome at 90 days (unadjusted pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; ICH: intracranial haemorrhage.

Figure 19.  Any parenchymal haematoma in patients with acute ischaemic stroke of <4.5 h duration treated with intravenous 
thrombolysis with tenecteplase 0.25 mg/kg versus with intravenous thrombolysis with alteplase 0.90 mg/kg (unadjusted pooled OR, 
random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval.
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Figure 20.  Extracranial bleeding according to individual study reporting in patients with acute ischaemic stroke of <4.5 h duration 
treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg 
(unadjusted pooled OR, random-effects metaanalysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval.

Figure 21.  Sensitivity analysis for major extracranial bleeding in patients with acute ischaemic stroke of <4.5 h duration treated 
with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg (unadjusted 
pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval.

Figure 22.  All-cause mortality at 3 months in patients with acute ischaemic stroke of <4.5 h duration treated with intravenous 
thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg (unadjusted pooled OR, 
random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval.
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Figure 23.  Door-to-needle time (in minutes) in patients with acute ischaemic stroke of <4.5 h duration treated with intravenous 
thrombolysis with tenecteplase 0.25 mg/kg versus with intravenous thrombolysis with alteplase 0.90 mg/kg (difference of medians, 
random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; IQR: interquartile range.

Figure 24.  Symptom onset-to-needle time (in minutes) in patients with acute ischaemic stroke of <4.5 h duration treated with 
intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg (difference of 
medians, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; IQR: interquartile range.

Figure 25.  Final infarct volume (in mL) in patients with acute ischaemic stroke of <4.5 h duration treated with intravenous 
thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg (mean difference, random-
effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; IQR: interquartile range.

Figure 26.  Ischaemic core growth (in mL) within the first 24 h in patients with acute ischaemic stroke of <4.5 h duration treated 
with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg (difference 
of medians, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; IQR: interquartile range.
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Evidence-based recommendation
For patients with acute ischaemic stroke of <4.5 hrs 
duration who are eligible for intravenous thrombolysis, 
tenecteplase 0.25 mg/kg can be used as a safe and effective 
alternative to alteplase 0.9 mg/kg.
Quality of evidence: Moderate ⊕⊕⊕
Strength of recommendation: Strong ↑↑

Additional information.  A previous meta-analysis including 
data from 5 RCTs has provided preliminary data favouring 
non-inferiority of tenecteplase compared to alteplase using 
three non-inferiority margins for 3-month excellent func-
tional outcome: 6.5% (lead non-inferiority margin), 5.0% 
and 1.3% (more stringent non-inferiority margins).37 Nev-
ertheless, there are methodological concerns with regard to 
the aforementioned non-inferiority meta-analysis37 since 
different tenecteplase dose tiers were pooled together, 
severe strokes were under-represented and potentially arbi-
trary statistical assumptions were employed. In particular, 
an assumption was made to split the alteplase control group 
into two half-sized groups for tenecteplase-alteplase com-
parisons across the two tenecteplase dose tiers in TAAIS16 
trial. Finally, the TNK-S2B13 trial reported pooled rates of 
outcome across the alteplase groups and did not provide 
detailed information regarding outcomes in patients ran-
domised to the alteplase arm across the three tenecteplase 
dose tiers. Thus, it is unclear how the authors of the non-
inferiority meta-analysis37 were able to compare different 
tenecteplase doses with the respective alteplase arm across 
the three tiers of the RCTs.

Although our meta-analysis of RCTs did not suggest a 
significant reduction in time metrics, there is mounting 
observational data reporting an improved service delivery 
in hospitals and health services without safety concerns 
with the off-label use of tenecteplase in everyday clinical 
practice across hospital settings.12,38–45 Furthermore, a 
recent meta-analysis of observational studies has docu-
mented similar safety and improved effectiveness in AIS 
patients receiving off-label IVT with tenecteplase com-
pared to standard dose alteplase.46

Expert consensus statement
All MWG members suggest favouring tenecteplase 0.25 mg/
kg over alteplase 0.9 mg/kg for patients with acute ischaemic 
stroke of <4.5 hrs duration in light of safety and efficacy 
data and because tenecteplase can be administered with a 
single bolus rather than a 1-hr infusion.
Voting: 9/9 members

1.2 For patients with acute ischaemic stroke of <4.5 h 
duration, does intravenous thrombolysis with tenecteplase 
0.40 mg/kg compared with intravenous thrombolysis with 
alteplase 0.90 mg/kg lead to:

(a) 	 a non-inferior proportion of patients with excellent 
functional outcome (mRS scores of 0–1) at 90 days?

(b) 	 non-inferior or better results on other efficacy out-
comes (mRS shift analysis at 90 days, good func-
tional outcome defined by mRS 0–2 at 90 days, 
major neurological improvement at 24–72 h, impro
ved quality of life metrics)?

(c) 	 a reduction in the risk of adverse events (mortality 
at 90 days, symptomatic intracranial haemorrhage, 
any intracranial haemorrhage, any parenchymal 
haematoma, extracranial bleeding)?

(d) 	 a reduction in key time metrics (onset-to-treatment 
time, door-to-needle time)?

(e) 	 an improvement in neuroimaging parameters (rep-
erfusion at 24 h, final infarct volume at 24 h, ischae-
mic core growth within the first 24 h)?

Analysis of current evidence.  The literature search identified 
three published RCTs addressing this PICO question. TNK-
S2B13 has already been discussed in PICO 1.1

NOR-TEST14 (the Norwegian Tenecteplase Stroke Trial) 
was a phase 3 RCT with PROBE design that randomised 
1100 AIS patients in Norway admitted within 4.5 h of symp-
tom onset or within 4.5 h of awakening with symptoms, or 
who were eligible for bridging therapy before MT in two 
treatment arms: tenecteplase 0.40 mg/kg or alteplase 0.9 mg/
kg. The primary outcome of interest was the rate of excellent 
functional outcome at 3 months. Excellent functional out-
come was achieved by 64% patients in the tenecteplase 
group and 63% patients in the alteplase group (odds ratio 
1.08, 95% CI 0.84–1.38; p = 0.52), while safety profile was 
similar between the two treatment groups. It should be under-
scored, however, that the majority of the patients enrolled in 
this study had mild strokes (median NIHSS score of 4 points), 
while 17% of randomised patients were stroke mimics.

NOR-TEST 2 part A (the Norwegian Tenecteplase 
Stroke Trial 2) was a non-inferiority phase 3 RCT with 
PROBE design that randomised 204 AIS patients with 
moderate or severe strokes (defined as NIHSS-score at 
admission of ⩾6) admitted within 4.5 h of symptom onset 
in Norway in two treatment arms: tenecteplase 0.40 mg/kg 
or alteplase 0.9 mg/kg.22 The primary outcome of interest 
was the rates of excellent functional outcome at 3 months. 
However, the trial was prematurely terminated due to safety 
reasons. Excellent functional outcome was less likely in the 
tenecteplase group (unadjusted OR 0.45; 95%CI: 0.25–
0.80; p = 0.0064). Both any intracranial haemorrhage (unad-
justed OR 3.68; 95%CI: 1.49–9.11; p = 0.0031) and 
mortality (unadjusted OR 3.56; 95%CI: 1.24–10.21; 
p = 0.013) were more frequent in the tenecteplase group, 
while there were numerically more cases of sICH with 
tenecteplase (6%) than with alteplase (1%; p = 0.061).

MWG assessment of the risk of bias in each RCT accord-
ing to the Cochrane RoB-2 tool with regard to excellent 
functional outcome at 90 days is presented in Figure 27. 
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NOR-TEST 222 was considered to be at overall low risk of 
bias, while NOR-TEST14 and TNK-S2B13 presented some 
concerns during the randomisation process and due to small 
deviations from intended interventions, respectively.

We conducted a study-level random-effects meta-analysis 
of the three RCTs comparing IVT with 0.40 mg/kg tenect-
eplase versus IVT with 0.9 mg/kg alteplase, comprising a 

total of 1347 AIS patients. Compared to patients randomised 
to IVT with alteplase, the pooled unadjusted OR for excel-
lent functional outcome in patients randomised to IVT with 
tenecteplase 0.40 mg/kg was 0.73 (95%CI: 0.36–1.48; 
p = 0.38; I2 = 76%; Figure 28). The corresponding risk differ-
ence was −7.45% (95%CI: −24.13% to 9.22%; p = 0.38; 
I2 = 78%; Figure 29). Therefore, non-inferiority was not met 

Figure 27.  Risk of bias in each randomised-controlled clinical trial of IVT with tenecteplase at a dose of 0.4 mg/kg versus IVT with 
alteplase 0.9 mg/kg for AIS patients, with regards to excellent functional outcome at 90 days.

Figure 28.  Excellent functional outcome (mRS 0–1 at 90 days) in patients with acute ischaemic stroke of <4.5 h duration treated 
with intravenous thrombolysis with tenecteplase 0.40 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg (unadjusted 
pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; mRS: modified Rankin scale.

Figure 29.  Pooled risk difference (in percent) for excellent functional outcome (mRS 0–1 at 90 days) in patients with acute 
ischaemic stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.40 mg/kg versus intravenous 
thrombolysis with alteplase 0.90 mg/kg (unadjusted pooled RD, random-effects meta-analysis).
The green dashed line indicates the prespecified non-inferiority margin of −3%.
TNK: tenecteplase; IV: inverse variance; RD: risk difference; CI: confidence interval; mRS: modified Rankin scale.
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for excellent functional outcome (mRS 0–1) based on our 
pre-specified 3% margin. Similar results were obtained when 
we conducted a sensitivity analysis for excellent functional 
outcome after additional inclusion of all patients returning to 
baseline mRS (Figures 30 and 31). The pooled unadjusted 
OR for good functional outcome with tenecteplase was 0.59 
(95%CI: 0.24–1.46; p = 0.26; I2 = 87%; Figure 32). The cor-
responding risk difference was −12.21% (95%CI: −34.43% 
to 10.02%; p = 0.28; I2 = 90%; Figure 33). Therefore, non-
inferiority was not met for good functional outcome based on 
our pre-specified 3% margin. The unadjusted cOR for 
reduced disability with tenecteplase compared to alteplase 
was 0.67 (95%CI: 0.23–1.93; p = 0.46; I2 = 93%; Figure 34). 

Similar odds of major neurological improvement at 24 h 
were observed between the two treatment arms (OR = 0.85; 
95%CI: 0.44–1.67; p = 0.64; I2 = 70%; Figure 35). A sensitiv-
ity analysis, after excluding TNK-S2B13 that defined major 
neurological improvement as a NIHSS reduction of at least 8 
points (in contrast to NOR-TEST14 and NORT-TEST 222 that 
defined as major neurological improvement a NIHSS reduc-
tion of at least 4 points), yielded similar results (Figure 36). 
The risk difference for major neurological improvement was 
−3.11% (95%CI: −16.80% to 10.57%; p = 0.66; I2 = 71%; 
Figure 37).

The rates of sICH according to individual study defini-
tion did not significantly differ across treatment groups 

Figure 30.  Sensitivity analysis for excellent functional outcome (mRS 0–1 at 90 days) in patients with acute ischaemic stroke 
of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.40 mg/kg versus intravenous thrombolysis with 
alteplase 0.90 mg/kg, after additional inclusion of all patients returning to baseline mRS (unadjusted pooled OR, random-effects 
meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; mRS: modified Rankin scale.

Figure 31.  Sensitivity analysis for pooled risk difference (in percent) for excellent functional outcome (mRS 0–1 at 90 days) 
in patients with acute ischaemic stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.40 mg/kg 
versus with intravenous thrombolysis with alteplase 0.90 mg/kg, after additional inclusion of all patients returning to baseline mRS 
(unadjusted pooled RD, random-effects meta-analysis).
The green dashed line indicates the prespecified non-inferiority margin of −3%.
TNK: tenecteplase; IV: inverse variance; RD: risk difference; CI: confidence interval; mRS: modified Rankin scale.
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Figure 32.  Good functional outcome (mRS 0–2 at 90 days) in patients with acute ischaemic stroke of <4.5 h duration treated 
with intravenous thrombolysis with tenecteplase 0.40 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg (unadjusted 
pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; mRS: modified Rankin scale.

Figure 33.  Pooled risk difference (in percent) for good functional outcome (mRS 0–2 at 90 days) in patients with acute ischaemic 
stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.40 mg/kg versus intravenous thrombolysis 
with alteplase 0.90 mg/kg (unadjusted pooled RD, random-effects meta-analysis).
The green dashed line indicates the prespecified non-inferiority margin of −3%.
TNK: tenecteplase; IV: inverse variance; RD: risk difference; CI: confidence interval; mRS: modified Rankin scale.

Figure 34.  Pooled unadjusted common odds ratio for reduced disability (improvement of at least 1 point on the mRS at 90 days) 
in patients with acute ischaemic stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.40 mg/kg 
versus intravenous thrombolysis with alteplase 0.90 mg/kg (unadjusted pooled cOR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; cOdds Ratio: common odds ratio; CI: confidence interval; TE: treatment effect; SE: standard error.
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Figure 35.  Major neurological improvement within 24 h in patients with acute ischaemic stroke of <4.5 h duration treated with 
intravenous thrombolysis with tenecteplase 0.40 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg (unadjusted 
pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval.

Figure 36.  Sensitivity analysis for major neurological improvement within 24 h, after excluding TNK-S2B1 that defined major 
neurological improvement as a NIHSS reduction of at least 8 (in contrast to NOR-TEST8 and NORT-TEST 29 that accounted 
as major neurological improvement a NIHSS reduction of at least 4), in patients with acute ischaemic stroke of <4.5 h duration 
treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg 
(unadjusted pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval.

Figure 37.  Pooled risk difference (in percent) for major neurological improvement within 24 h in patients with acute ischaemic 
stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.40 mg/kg versus intravenous thrombolysis 
with alteplase 0.90 mg/kg (unadjusted pooled RD, random-effects meta-analysis).
The green dashed line indicates the prespecified non-inferiority margin of −3%.
TNK: tenecteplase; IV: inverse variance; RD: risk difference; CI: confidence interval; mRS: modified Rankin scale.
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(OR = 2.38; 95%CI: 0.69–8.23; p = 0.17; I2 = 43%; Figure 
38). A sensitivity analysis including the studies that reported 
sICH by the ECASS III definition (which was the most 
common available definition across all trials) yielded 

similar results (Figure 39). The rates of any intracranial 
haemorrhage did not significantly differ with tenecteplase 
compared to alteplase (OR = 1.74; 95%CI: 0.66–4.55; 
p = 0.26; I2 = 74%; Figure 40). The rates of extracranial 

Figure 38.  Symptomatic intracranial haemorrhage according to individual study definition in patients with acute ischaemic stroke 
of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.40 mg/kg versus intravenous thrombolysis with 
alteplase 0.90 mg/kg (unadjusted pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; sICH: symptomatic intracranial haemorrhage.

Figure 39.  Sensitivity analysis for symptomatic intracranial haemorrhage according to ECASS III definition in patients with acute 
ischaemic stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.40 mg/kg versus intravenous 
thrombolysis with alteplase 0.90 mg/kg (unadjusted pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; sICH: Symptomatic intracranial haemorrhage.

Figure 40.  Any intracranial haemorrhage in patients with acute ischaemic stroke of <4.5 h duration treated with intravenous 
thrombolysis with tenecteplase 0.40 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg (unadjusted pooled OR, 
random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; ICH: intracranial haemorrhage.
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bleeding did not differ across treatment arms (OR = 1.08; 
95%CI: 0.17–6.95; p = 0.94; I2 = 44%; Figure 41). All-cause 
mortality at 3 months was similar between the two treat-
ment groups (OR = 1.37; 95%CI: 0.56–3.39; p = 0.49; 
I2 = 61%; Figure 42).

No difference in onset-to-needle time was uncovered bet
ween the two treatment arms (difference in medians= 2.2 min; 
95%CI: −10.4 to 14.9 min; p = 0.73; I2 = 39%; Figure 43).

Table 2 provides details regarding the assessment of the 
quality of evidence for all outcomes assessed in PICO 1.2.

Figure 41.  Extracranial bleeding in patients with acute ischaemic stroke of <4.5 h duration treated with intravenous thrombolysis 
with tenecteplase 0.40 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg (unadjusted pooled OR, random-effects 
meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval.

Figure 42.  All-cause mortality at 3 months in patients with acute ischaemic stroke of <4.5 h duration treated with intravenous 
thrombolysis with tenecteplase 0.40 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg (unadjusted pooled OR, 
random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval.

Figure 43.  Symptom onset-to-needle time (in minutes) in patients with acute ischaemic stroke of <4.5 h duration treated with 
intravenous thrombolysis with tenecteplase 0.40 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg (difference of 
medians, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; IQR: interquartile range.
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Evidence-based recommendation
For patients with acute ischaemic stroke of <4.5 hrs duration 
who are eligible for intravenous thrombolysis, we recommend 
against using tenecteplase at a dose of 0.40 mg/kg.
Quality of evidence: Low ⊕⊕
Strength of recommendation: Strong against intervention ↓↓

Additional information.  In an open-label, dose-escalation 
safety study that was conducted to develop initial experi-
ence with tenecteplase in AIS, treatment investigators report 
0% and 32% rates for sICH and asymptomatic intracranial 
haemorrhage, respectively, among the 25 patients treated 
with tenecteplase 0.4 mg/kg.9 EXTEND-IA TNK part 2 was 
a phase 2 RCT with PROBE design that randomised 300 
LVO patients who were eligible to undergo MT within 4.5 h 
from symptom onset in Australia and New Zealand in two 
treatment arms: tenecteplase 0.25 mg/kg and tenecteplase 
0.40 mg/kg.18 The primary endpoint was reperfusion of 
greater than 50% of the involved ischaemic territory or an 
absence of retrievable thrombus at the time of the initial 
angiographic assessment. The number of participants with 
greater than 50% reperfusion of the previously occluded 
vascular territory was 29/150 (19.3%) in the 0.40 mg/kg 
group versus 29/150 (19.3%) in the 0.25 mg/kg group 
(adjusted risk ratio, 1.03; 95%CI: 0.66–1.61; p = 0.89). 
Among the 6 secondary outcomes, there were no significant 
differences in any of the functional outcomes between the 
0.40 mg/kg and 0.25 mg/kg groups nor in all-cause deaths 
(17% vs 15%) or sICH (4.7% vs 1.3%; unadjusted risk dif-
ference, 3.3%; 95% CI: −0.5% to 7.2%). Although the dif-
ference was not statistically significant, the numerically 
higher rates of sICH may indicate a potential higher sICH 
risk in patients treated with tenecteplase 0.40 mg/kg com-
pared those treated with tenecteplase 0.25 mg/kg.

In a network meta-analysis including data from 5 RCTs 
with a total of 1585 patients, similar safety (mortality, 
intracranial haemorrhage, sICH) and efficacy outcomes 
(excellent functional outcome, good functional outcome, 
complete or partial recanalisation) were found for tenect-
eplase dose of 0.40 mg/kg and alteplase dose of 0.90 mg/
kg.47 Yet, the results of this study-level network meta-anal-
ysis should be considered with caution, since they are 
derived by indirect comparisons that may also explain the 
perceived inconsistencies compared to the results of NOR-
TEST 2 part A.22

1.3 In patients with acute ischaemic stroke of <4.5 h 
duration with prehospital management with a mobile stroke 
unit does intravenous thrombolysis with tenecteplase 0.25 
mg/kg compared with intravenous thrombolysis with 
alteplase 0.90 mg/kg lead to:

(a) 	 a non-inferior proportion of patients with excellent 
functional outcome (mRS scores of 0–1) at 90 days?

(b) 	 non-inferior or better results on other efficacy out-
comes (mRS shift analysis at 90 days, good func-
tional outcome defined by mRS 0–2 at 90 days, 
major neurological improvement at 24–72 h, 
improved quality of life metrics)?

(c) 	 a reduction in the risk of adverse events (mortality 
at 90 days, symptomatic intracranial haemorrhage, 
any intracranial haemorrhage, any parenchymal 
haematoma, extracranial bleeding)?

(d) 	 a reduction in key time metrics (onset-to-treatment 
time, door-to-needle time)?

e) 	 an improvement in neuroimaging parameters (rep-
erfusion at 24 h, final infarct volume at 24 h, ischae-
mic core growth within the first 24 h)?

Analysis of current evidence.  The literature search identified 
one RCT addressing this PICO question.

This RCT was the TASTE-A20 trial, which has been 
already discussed in PICO 1.1. In brief, TASTE-A provided 
evidence that ultra-early tenecteplase at a dose of 0.25 mg/
kg compared to standard-dose alteplase, both given in 
MSUs, reduced the volume of the post-treatment perfusion 
lesion, led to greater ultra-early clinical recovery [greater 
reduction in the pre-specified secondary efficacy outcome 
of median NIHSS between MSU and emergency depart-
ment arrival when treated with tenecteplase (median NIHSS 
reduction 1, IQR 0–6)], and was initiated faster than 
alteplase on the MSU in AIS patients. More specifically, 
patients treated with tenecteplase had a significantly shorter 
time from MSU CT imaging to initiation of thrombolytic 
treatment (median 13 min, IQR 9–18) compared with 
patients treated with alteplase (median 19 min, 14–27; 
adjusted difference in medians –6.1, 95%CI –9.6 to –2.6; 
p = 0.0010). No significant differences were observed 
between patients treated with tenecteplase compared to 
alteplase on early neurological deterioration, NIHSS-scores 
at 24 h, functional outcomes at 3 months and death at 3 
months. The rates of sICH and other bleeding events were 
similar between the two treatment groups.

Table 3 provides details regarding the assessment of the 
quality of evidence for all outcomes evaluated in PICO 1.3.

Evidence-based recommendation
For patients with acute ischaemic stroke of <4.5hr duration 
with prehospital management with a mobile stroke unit 
who are eligible for intravenous thrombolysis, we suggest 
tenecteplase 0.25 mg/kg over alteplase 0.90 mg/kg to 
increase the rate of early reperfusion and to shorten the 
time from imaging to treatment initiation.
Quality of evidence: Low ⊕⊕
Strength of recommendation: Weak ↑

Additional information.  We were unable to identify any obser-
vational studies evaluating the safety and effectiveness of 
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tenecteplase 0.25 mg/kg compared to alteplase in the pre-
hospital setting. However, it should be noted that a recent 
study reported that of 497 AIS patients treated with alteplase 
on a single-centre MSU, 41 (8.3%) had delay or interruption 
of the infusion for reasons that did not reflect either a side 
effect or contraindication to alteplase.48 This observation 
provides an opportunity for more complete and faster treat-
ment with tenecteplase compared to alteplase in the prehos-
pital settings.

PICO 2 Patients <4.5 h and large vessel occlusion

For large vessel occlusion acute ischaemic stroke patients 
of <4.5 h duration does intravenous thrombolysis with 
tenecteplase 0.25 mg/kg compared with intravenous throm-
bolysis with alteplase 0.90 mg/kg lead to:

a) 	 a non-inferior proportion of patients with good 
functional outcome (mRS scores of 0–2) at 90 days?

b) 	 non-inferior or better results on other efficacy out-
comes (mRS shift analysis at 90 days, excellent 
functional outcome defined by mRS 0–1 at 90 days, 
major neurological improvement at 24–72 h, 
improved quality of life metrics)?

c) 	 a reduction in the risk of adverse events (mortality 
at 90 days, symptomatic intracranial haemorrhage, 
any intracranial haemorrhage, any parenchymal 
haematoma, extracranial bleeding)?

d) 	 a reduction in key time metrics (onset-to-treatment 
time, door-to-needle time)?

e) 	 an improvement in neuroimaging parameters (rep-
erfusion at 24 h, final infarct volume at 24 h, ischae-
mic core growth at 24 h, recanalisation at 24 h, 
recanalisation at the end of mechanical thrombec-
tomy, recanalisation before mechanical thrombec-
tomy at first angiographic acquisition or averted 
mechanical thrombectomy)?

Analysis of current evidence.  The literature search identified 
four published RCTs addressing this PICO question.

These RCTs are TAAIS,16 ATTEST,15 EXTEND-IA 
TNK17 and AcT21 and have already been discussed in PICO 
1.1. Importantly, for TAAIS16 and ATTEST15 several out-
comes have been presented in an individual patient data 
analysis conducted by Bivard et al.,49 which allowed the 
central assessment of occlusion status at baseline and at 
24 h post thrombolysis. This study showed that patients 
with complete occlusion experienced more frequently early 
clinical improvement [median NIHSS reduction at 24 h : 9 
(IQR = 6) vs 1 (IQR = 1); p = 0.001] and had higher rates of 
excellent functional outcome at 3 months (OR: 4.82; 95% 
CI: 1.02–7.84; p = 0.05) when treated with tenecteplase 
compared to alteplase.

MWG assessment of the risk of bias in each RCT accord-
ing to the Cochrane RoB-2 tool with regards to good func-
tional outcome at 90 days is presented in Figure 44. All 
studies were considered to be at overall low risk of bias 
except for AcT,21 which presented some concerns due to 
small deviations from intended interventions.

We conducted a study-level random-effects meta-analy-
sis of the four RCTs comparing IVT with 0.25 mg/kg 
tenecteplase versus IVT with 0.9 mg/kg alteplase, compris-
ing a total of 660 AIS patients with large vessel occlusion. 
Compared to patients randomised to IVT with alteplase the 
pooled unadjusted OR for good functional outcome in 
patients randomised to IVT with tenecteplase was 1.91 
(95%CI: 1.05–3.48; p = 0.03; I2 = 59%; Figure 45). The cor-
responding risk difference was 16.15% (95%CI: 1.21% to 
31.09%; p = 0.03; I2 = 69%; Figure 46). Therefore, both 
non-inferiority and superiority were met for good func-
tional outcome. Similar results were obtained when we 
conducted a sensitivity analysis for good functional out-
come after additional inclusion of all patients returning to 
baseline mRS (Figures 47 and 48). An additional sensitivity 
analysis was conducted after excluding TAAIS16 that 
enrolled patients with both LVO and more distal occlu-
sions. This sensitivity analysis yielded similar results 
(Figures 49 and 50) to the primary analysis. The pooled 
unadjusted OR for excellent functional outcome with 

Figure 44.  Risk of bias in each randomised-controlled clinical trials-controlled clinical trial of IVT with tenecteplase at a dose of 
0.25 mg/kg versus IVT with alteplase for AIS patients with large vessel occlusion, with regard to good functional outcome at 90 days.
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Figure 45.  Good functional outcome (mRS 0–2 at 90 days) in patients with large vessel occlusion acute ischaemic stroke of <4.5 h 
duration treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with alteplase 0.90 
mg/kg (unadjusted pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; mRS: modified Rankin scale.

Figure 46.  Pooled risk difference (in percent) for good functional outcome (mRS 0–2 at 90 days) in patients with large vessel 
occlusion acute ischaemic stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus 
intravenous thrombolysis with alteplase 0.90 mg/kg (unadjusted pooled RD, random-effects meta-analysis).
The green dashed line indicates the prespecified non-inferiority margin of −1.3%.
TNK: tenecteplase; IV: inverse variance; RD: risk difference; CI: confidence interval; mRS: modified Rankin scale.

Figure 47.  Sensitivity analysis for good functional outcome (mRS 0–2 at 90 days) in patients with large vessel occlusion acute 
ischaemic stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous 
thrombolysis with alteplase 0.90 mg/kg, after additional inclusion of all patients returning to baseline mRS (unadjusted pooled OR, 
random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; mRS: modified Rankin scale.
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Figure 48.  Sensitivity analysis for pooled risk difference (in percent) for good functional outcome (mRS 0–2 at 90 days) in patients 
with large vessel occlusion acute ischaemic stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.25 
mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg, after additional inclusion of all patients returning to baseline mRS 
(unadjusted pooled RD, random-effects meta-analysis).
The green dashed line indicates the prespecified non-inferiority margin of −1.3%.
TNK: tenecteplase; IV: inverse variance; RD: risk difference; CI: confidence interval; mRS: modified Rankin scale.

Figure 49.  Sensitivity analysis for good functional outcome (mRS 0–2 at 90 days) in patients with large vessel occlusion acute 
ischaemic stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous 
thrombolysis with alteplase 0.90 mg/kg, after excluding TAAIS2 (unadjusted pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; mRS: modified Rankin scale.

Figure 50.  Sensitivity analysis for pooled risk difference (in percent) for good functional outcome (mRS 0–2 at 90 days) in patients 
with large vessel occlusion acute ischaemic stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.25 
mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg after excluding TAAIS2 (unadjusted pooled RD, random-effects 
meta-analysis).
The green dashed line indicates the prespecified non-inferiority margin of −1.3%.
TNK: tenecteplase; IV: inverse variance; RD: risk difference; CI: confidence interval; mRS: modified Rankin scale.
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tenecteplase was 1.69 (95%CI: 1.15–2.47; p < 0.01; 
I2 = 0%; Figure 51). Similar results were obtained when we 
conducted a sensitivity analysis for excellent functional 
outcome after additional inclusion of all patients returning 
to baseline mRS (Figure 52). The unadjusted cOR for 
reduced disability with tenecteplase was 1.63 (95%CI: 

1.05–2.54; p = 0.03; I2 = 52%; Figure 53). Major neurologi-
cal improvement at 24–72 h did not significantly differ 
between the two treatment arms (OR = 3.00; 95%CI: 0.39–
23.11; p = 0.29; I2 = 87%; Figure 54). The corresponding 
risk difference was 24.33% (95%CI: −19.74% to 68.40%; 
p = 0.28; I2 = 91%; Figure 55).

Figure 51.  Excellent functional outcome (mRS 0–1 at 90 days) in patients with large vessel occlusion acute ischaemic stroke of 
<4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with alteplase 
0.90 mg/kg (unadjusted pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; mRS: modified Rankin scale.

Figure 52.  Sensitivity analysis for excellent functional outcome (mRS 0–1 at 90 days) in patients with large vessel occlusion 
acute ischaemic stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous 
thrombolysis with alteplase 0.90 mg/kg, after additional inclusion of all patients returning to baseline mRS (unadjusted pooled OR, 
random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; mRS: modified Rankin scale.

Figure 53.  Pooled unadjusted common odds ratio for reduced disability (improvement of a least 1 point on the mRS at 90 days) in 
patients with large vessel occlusion acute ischaemic stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 
0.25 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg (unadjusted pooled cOR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; cOdds Ratio: common odds ratio; CI: confidence interval; TE: treatment effect; SE: standard error.
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The rates of sICH according to the SITS-MOST defini-
tion, which was used by all studies included in this analy-
sis, did not differ across treatment groups (OR = 0.50; 
95%CI: 0.08–2.99; p = 0.45; I2 = 0%; Figure 56). The  
rates of any parenchymal haematoma with tenecteplase 

compared to alteplase were also similar (OR = 0.56; 
95%CI: 0.09–3.75; p = 0.55; I2 = 57%; Figure 57). All-
cause mortality at 3 months was similar between the two 
treatment groups (OR = 0.75; 95%CI: 0.49–1.13; p = 0.17; 
I2 = 0%; Figure 58).

Figure 54.  Major neurological improvement within 24 h in patients with large vessel occlusion acute ischaemic stroke of <4.5 h 
duration treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with alteplase 0.90 
mg/kg (unadjusted pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval.

Figure 55.  Pooled risk difference (in percent) for major neurological improvement within 24 h in patients with large vessel 
occlusion acute ischaemic stroke of <4.5 h duration treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus 
intravenous thrombolysis with alteplase 0.90 mg/kg (unadjusted pooled RD, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; RD: risk difference; CI: confidence interval.

Figure 56.  Symptomatic intracranial haemorrhage in patients with large vessel occlusion acute ischaemic stroke of <4.5 h duration 
treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg 
(unadjusted pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval; sICH: Symptomatic intracranial haemorrhage.
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No difference in the onset-to-needle time was uncov-
ered between the two treatment arms (mean difference = 

1.8 min; 95%CI: −25.7 to 29.2 min; p = 0.90; I2 = 74%; 
Figure 59).

Figure 57.  Any parenchymal haematoma in patients with large vessel occlusion acute ischaemic stroke of <4.5 h duration treated 
with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg (unadjusted 
pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval.

Figure 58.  All-cause mortality at 3 months in patients with large vessel occlusion acute ischaemic stroke of <4.5 h duration 
treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg 
(unadjusted pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval.

Figure 59.  Symptom onset-to-needle time (in minutes) in patients with large vessel occlusion acute ischaemic stroke of <4.5 h 
duration treated with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with alteplase 0.90 
mg/kg (mean difference, random-effects meta-analysis).
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With regards to neuroimaging parameters, rates of 
recanalisation before MT at first angiographic acquisition 
or averted mechanical thrombectomy were similar across 
treatment groups (OR = 1.49; 95%CI: 0.58–3.85; p = 0.41; 
I2 = 73%; Figure 60). The results of this meta-analysis do 
not corroborate the findings of EXTEND-IA TNK.17 
However, it should be noted that the primary endpoint of 
EXTEND-IA TNK was the rate of successful reperfusion 
before MT.17 This trial only included patients with anterio 
circulation occlusions, and 75% of centres were MT-capable. 
In contrast, AcT was a pragmatic trial evaluating the safety 
and efficacy of IVT with tenecteplase in all AIS patients. 
Moreover, 94% of Act centres were comprehensive stroke 
centres with capability for MT.21 Patients with both anterior 
and posterior circulation occlusions underwent MT.  
These disparities in patient and centre selection between 
EXTEND-IA TNK and AcT may account for the discrepant 
findings between these two trials. Rates of recanalisation 
within 24 h (irrespective of mechanical thrombectomy) did 
not differ between the two treatment groups (OR = 2.07; 
95%CI: 0.87–4.96; p = 0.10; I2 = 49%; Figure 61).

Table 4 provides details regarding the assessment of the 
quality of evidence for all outcomes evaluated in PICO 2.

Evidence-based recommendation
For patients with large vessel occlusion acute ischaemic 
stroke of <4.5 hr duration who are eligible for intravenous 
thrombolysis, we recommend tenecteplase 0.25 mg/kg over 
alteplase 0.9 mg/kg. Intravenous thrombolysis should not 
delay mechanical thrombectomy.
Quality of evidence: Moderate ⊕⊕⊕
Strength of recommendation: Strong ↑↑

Additional information.  A recent meta-analysis evaluated the 
safety and efficacy outcomes in LVO patients receiving 
IVT with either tenecteplase at different doses (0.10, 0.25 
and 0.40 mg/kg) or alteplase at a standard dose of 0.90 mg/
kg using RCT data.50 Patients with LVO receiving tenect-
eplase had higher odds of good functional outcome (mRS 
0–2; OR: 2.06, 95%CI = 1.15–3.69), successful recanalisa-
tion (OR = 3.05, 95%CI=1.73–5.40), and reduced disability 
(mRS shift analysis; cOR: 1.84, 95%CI: 1.18–2.87) at 3 
months compared with patients with LVO receiving 
alteplase. In addition, observational evidence has also pro-
vided preliminary indirect and direct evidence suggesting 
that pretreatment with tenecteplase in patients with LVO 

Figure 60.  Recanalisation before mechanical thrombectomy at first angiographic acquisition or averted mechanical 
thrombectomy in patients with large vessel occlusion acute ischaemic stroke of <4.5 h duration treated with intravenous 
thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg (unadjusted pooled OR, 
random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval.

Figure 61.  Recanalisation within 24 h in patients with large vessel occlusion acute ischaemic stroke of <4.5 h duration treated 
with intravenous thrombolysis with tenecteplase 0.25 mg/kg versus intravenous thrombolysis with alteplase 0.90 mg/kg (unadjusted 
pooled OR, random-effects meta-analysis).
TNK: tenecteplase; IV: inverse variance; CI: confidence interval.
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eligible for MT may be associated with faster recanalisation, 
higher rates of successful recanalisation and improved early 
clinical outcomes compared to alteplase treatment.42,44–46

Expert consensus statement
For patients with large vessel occlusion acute ischaemic 
stroke of <4.5 hr duration who are eligible for intravenous 
thrombolysis and are directly admitted to a thrombectomy-
capable center, all MWG members suggest IVT with 
tenecteplase 0.25 mg/kg or 0.40 mg/kg over skipping IVT. 
For patients with large vessel occlusion acute ischaemic 
stroke of <4.5 hr duration who are eligible for intravenous 
thrombolysis and are admitted to a center without 
mechanical thrombectomy capability, all MWG members 
suggest IVT with tenecteplase 0.25 mg/kg followed by rapid 
transfer to a thrombectomy-capable center.
Voting: 9/9 members

PICO 3 Wake-up stroke/unknown onset

3.1 For patients with acute ischaemic stroke on awakening 
from sleep or acute ischaemic stroke of unknown onset and 
who are eligible for intravenous thrombolysis, does intrave-
nous thrombolysis with tenecteplase 0.25 mg/kg compared 
with no intravenous thrombolysis lead to:

(a) 	 a non-inferior proportion of patients with excellent 
functional outcome (mRS scores of 0–1) at 90 days?

(b) 	 non-inferior or better results on other efficacy out-
comes (mRS shift analysis at 90 days, good func-
tional outcome defined by mRS 0–2 at 90 days, 
major neurological improvement at 24–72 h, impro
ved quality of life metrics)?

(c) 	 a reduction in the risk of adverse events (mortality 
at 90 days, symptomatic intracranial haemorrhage, 
any intracranial haemorrhage, any parenchymal 
haematoma, extracranial bleeding)?

(d) 	 a reduction in key time metrics (onset-to-treatment 
time, door-to-needle time)?

(e) 	 an improvement in neuroimaging parameters (rep-
erfusion at 24 h, final infarct volume at 24 h, ischae-
mic core growth within the first 24 h)?

Analysis of current evidence.  The literature search identified 
one completed RCT addressing this PICO question.

TWIST50 (Tenecteplase in Wake-up Ischaemic Stroke 
Trial) was a pragmatic phase 3 RCT with PROBE design 
whose results were recently presented at ESOC 2022. 
TWIST randomised 578 AIS patients with wake-up stroke 
selected by non-contrast CT only, who had no other con-
traindications to IVT administration and could receive IVT 
treatment within 4.5 h from awakening, into two treatment 
arms: tenecteplase 0.25 mg/kg plus standard care versus 
standard care alone without thrombolysis with tenecteplase 
or any other thrombolytic agent. The primary endpoint was 
the distribution of mRS scores on the ordinal scale at 3 

months (shift analysis). The adjusted cOR for reduced dis-
ability was 1.18 (95%CI: 0.88–2.58); p = 0.27). Additionally, 
excellent functional outcome (mRS 0–1) at 3 months did 
not differ between tenecteplase-treated patients (45.1%) 
versus controls (38.3%; adjusted OR: 1.33; 95%CI: 0.94–
1.87; p = 0.10). No safety issues emerged with tenecteplase 
treatment compared to no IVT, including sICH (adjusted 
OR: 3.12; 95%CI = 0.83–11.70), any ICH (adjusted OR: 
1.14; 95%CI = 0.67–1.94), parenchymal haematoma type 2 
(adjusted OR: 1.47; 95%CI = 0.46–4.73) and 3-month mor-
tality (adjusted OR: 1.29; 95%CI = 0.74–2.26). In conclu-
sion, TWIST did not provide evidence that IVT with 
tenecteplase compared to standard of care improved func-
tional outcomes in AIS patients with wake-up stroke 
selected with non-contrast CT. No other randomised or 
observational data were available with regard to this PICO 
question.

Table 5 provides details regarding the assessment of the 
quality of evidence for all outcomes evaluated in PICO 3.1.

Evidence-base recommendation
For patients with acute ischaemic stroke on awakening 
from sleep or acute ischaemic stroke of unknown onset 
who are selected with no brain imaging other than plain 
CT, we recommend against intravenous thrombolysis with 
tenecteplase 0.25 mg/kg outside the context of a clinical trial.
Quality of evidence: Low ⊕⊕
Strength of recommendation: Strong against intervention ↓↓

Additional information.  According to the ESO guidelines, 
intravenous thrombolysis is recommended for patients with 
AIS on awakening from sleep or AIS of unknown onset that 
are selected by certain advanced neuroimaging criteria, that 
is, either presenting DWI/FLAIR mismatch or having CT 
or MRI core/perfusion mismatch.2 Selection of patients and 
IVT administration in the extended time window (>4.5 h 
from symptom onset) based on non-contrast CT only is not 
recommended.

3.2 For patients with acute ischaemic stroke on awaken-
ing from sleep or acute ischaemic stroke of unknown onset 
and who are eligible for intravenous thrombolysis, does 
intravenous thrombolysis with tenecteplase 0. or 0.40 mg/
kg compared with intravenous thrombolysis with alteplase 
0.90 mg/kg lead to:

(a) 	 a non-inferior proportion of patients with excellent 
functional outcome (mRS scores of 0–1) at 90 days?

(b) 	 non-inferior or better results on other efficacy out-
comes (mRS shift analysis at 90 days, good func-
tional outcome defined by mRS 0–2 at 90 days, 
major neurological improvement at 24–72 h, 
improved quality of life metrics)?

(c) 	 a reduction in the risk of adverse events (mortality 
at 90 days, symptomatic intracranial haemorrhage, 
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any intracranial haemorrhage, any parenchymal 
haematoma, extracranial bleeding)?

(d) 	 a reduction in key time metrics (onset-to-treatment 
time, door-to-needle time)?

(e) 	 an improvement in neuroimaging parameters (rep-
erfusion at 24 h, final infarct volume at 24 h, ischae-
mic core growth within the first 24 h)?

Analysis of current evidence.  There are no dedicated RCTs 
addressing this PICO question.

A post-hoc analysis51 of NOR-TEST14 sought to investi-
gate the safety and efficacy of IVT with tenecteplase 0.40 
mg/kg compared to alteplase (0.90 mg/kg) in wake-up 
stroke patients. Included patients were treated based on 
FLAIR-DWI mismatch. More specifically, among 40 
wake-up stroke patients analysed, there was no difference 
with regard to excellent functional outcome at 3 months 
between patients randomised to alteplase (65.2%) and 
tenecteplase (68.8%). No case of sICH or death were 
observed in either tenecteplase or alteplase treated patients. 
There was a higher rate of major neurological improvement 
within the first 24 h in the tenecteplase- versus alteplase-
treated arms (87.5% vs 54.2%, p = 0.027). However, the 
patient population in this study was very limited and 
included patients with mostly minor stroke syndromes 
(median baseline NIHSS-score 4.5 points).51

No other randomised or observational data were availa-
ble with regard to this PICO.

Evidence-based recommendation
For patients with acute ischaemic stroke on awakening 
from sleep or acute ischemic stroke of unknown onset 
and who are eligible for intravenous thrombolysis, there is 
continued uncertainty over the potential benefits and harms 
of tenecteplase compared with alteplase.
Quality of evidence: Very low ⊕
Strength of recommendation: -

Expert consensus statement
All MWG members suggest that tenecteplase 0.25 mg/
kg could be a reasonable alternative to alteplase 0.9 mg/
kg for patients with acute ischaemic stroke on awakening 
from sleep or acute ischemic stroke of unknown onset and 
who are eligible for intravenous thrombolysis after selection 
with advanced imaging (FLAIR-DWI mismatch or perfusion 
mismatch as outlined in the 2021 ESO Guidelines on IVT).
Voting: 9/9 members

Discussion

This expedited recommendation was developed following 
the GRADE methodology and aims to assist physicians in 
decision-making regarding the use of intravenous tenect-
eplase in patients with acute ischaemic stroke eligible for 

IVT.23 It includes up-to-date evidence that supersedes the 
tenecteplase sections of the 2021 ESO Guidelines on IVT2 
and the 2019 ESO-ESMINT Guidelines on MT.27 A sum-
mary of PICO questions, evidence-based recommendations, 
and expert consensus statements is provided in Table 6.

Potential theoretical benefits of IVT with tenecteplase 
compared to alteplase might include efficacy (better func-
tional outcome in patients with LVO, potentially faster and 
higher reperfusion rates), safety (reduction of the risks of 
sICH, systemic bleeding and mortality rates), and logistical 
improvements (lack of 1-h infusion, time metrics reduc-
tion).52,53 For functional outcome, we used in our recom-
mendation an absolute non-inferiority margin of 3% that 
would preserve at least half of the conservative estimate 
(lower 95%CI limit) of alteplase effect compared with pla-
cebo in AIS patients,1 which was also used in recently pub-
lished RCTs.1,33 However, since non-inferiority is always a 
trade-off between the estimated effect one is prepared to 
sacrifice and the expected benefits of the experimental 
treatment, we added a secondary analysis with a more strin-
gent 1.3% margin, which was derived in a survey of U.S. 
stroke neurologists.35

We decided to provide separate recommendations for 
patients with AIS treated within 4.5 h (PICO 1), AIS patients 
with LVO (PICO 2), and patients with AIS of unknown 
onset or awakening from sleep (PICO 3). This decision was 
based on several reasons. First, similar distinctions were 
made in previous recommendations,2 as those patients dif-
fer in severity, functional outcome, and correspond to dif-
ferent clinical scenarios. Secondly, there are accruing data 
indicating potentially higher rates of successful reperfusion 
with tenecteplase compared to alteplase in this specific AIS 
subgroup with LVO.25 Finally, unknown onset/wake-up 
strokes require a distinct diagnostic approach including 
advanced imaging.

In a general population of AIS patients treated within 
4.5 h, we found moderate quality evidence that tenecteplase 
is non-inferior to alteplase in terms of excellent functional 
outcome, and low quality evidence that there were no sig-
nificant differences in terms of sICH, mortality, and treat-
ment time metrics. However, it should be noted that the 
rates of any intracranial haemorrhage were lower with 
tenecteplase than alteplase. Contrary to previous recom-
mendations,2 we can now recognise 0.25 mg/kg tenect-
eplase as a promising alternative to alteplase in all AIS 
treated within 4.5 h. This new recommendation is supported 
notably by the recent AcT Trial, the largest RCT with a total 
of 1600 AIS patients comparing tenecteplase with alteplase. 
One of the expected benefits of tenecteplase is its ease of 
use that could result in shorter treatment times and less 
staffing resources in the emergency setting. However, in 
RCTs other factors such as the inclusion and randomisation 
times can interfere and may diminish a possible effect.

In AIS patients with LVO treated within 4.5 h, we found 
moderate quality evidence that tenecteplase is superior to 
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alteplase in terms of good functional outcome, and low 
quality evidence that there were no significant differences 
in terms of sICH. This strengthens our previous recommen-
dation that 0.25 mg/kg tenecteplase may be preferable com-
pared to alteplase in AIS patients with LVO treated within 
4.5 h.2 One hypothesis as to how this functional improve-
ment could be mediated is a higher and/or earlier recanali-
sation with tenecteplase than alteplase because of 
pharmacologic properties.52,54,55 However, in the two RCTs 
that reported recanalisation rates before MT, we found het-
erogeneous results with a 10% rate for both tenecteplase 
and alteplase in AcT, and a 22% rate with tenecteplase ver-
sus 10% with alteplase in EXTEND- IA TNK.11 
EXTEND-IA TNK was designed to address the specific 
question of recanalisation, contrary to AcT. In addition, 
EXTEND-IA TNK randomised less patients in ‘mother-
ship’ settings than AcT, respectively 75% and 94%. Hence, 
it remains unclear whether tenecteplase actually improves 
pre-MT recanalisation, and how it can lead to better func-
tional outcome. Notably, it should be noted that although 
patients with basilar artery occlusions were included in 
both EXTEND-IA TNK and AcT, they represented a minor-
ity (⩽5%) of enrolled patients.

Finally, there was low quality evidence that tenecteplase 
is not superior to no IVT for AIS of unknown onset.50 
However, this result is based on the results of only one RCT 
that did not use advanced neuroimaging in patient selec-
tion. Additionally, there have been no published RCTs on 
the use of tenecteplase in extended time windows. However, 
several ongoing studies should provide more data on these 
patients in the coming years: Randomisation to Extend 
Stroke Intravenous ThromboLysis In Evolving Non-Large 
Vessel Occlusion With TNK (RESILIENT EXTEND-IV, 
NCT05199662); Extending the Time Window for 
Tenecteplase by Effective Reperfusion in Patients With 
Large Vessel Occlusion (ETERNAL-LVO, NCT04454788); 
Extending the Time Window for Tenecteplase by 
Recanalisation of Basilar Artery Occlusion in Posterior 
Circulation Stroke (POST-ETERNAL, NCT05105633); A 
Randomised Controlled Trial of TNK-tPA Versus Standard 
of Care for Minor Ischaemic Stroke With Proven 
Occlusion (TEMPO-2, NCT02398656); Tenecteplase in 
Stroke Patients Between 4.5 and 24 Hours (TIMELESS, 
NCT03785678). Additionally, there are several ongoing 
RCTs comparing Tenecteplase 0.25 mg/kg and alteplase for 
AIS patients within 4.5 h: Tenecteplase versus Alteplase  
for Stroke Thrombolysis Evaluation-2 (ATTEST-2, 
NCT02814409); Tenecteplase versus Alteplase for Stroke 
Thrombolysis Evaluation for patients with CT perfusion 
penumbra (TASTE-B, ACTRN12613000243718); 
Norwegian Tenecteplase Stroke Trial 2 (NORTEST 2-Part 
B). All these under way RCTs will be very useful to increase 
the quality of evidence of our recommendations that are 
graded as low or very low for some of the recommenda-
tions. Enrolling patients in a dedicated RCT is strongly 

recommended to further clarify the safety and efficacy of 
tenecteplase for unselected AIS and LVO patients. In addi-
tion, future studies comparing tenecteplase 0.25 mg/kg and 
alteplase in patients with unknown symptom onset time 
selected with advanced imaging are also needed.

While waiting for the results of these trials, to support 
physicians in their practical decision-making, expert con-
sensus statements are provided in a dedicated paragraph. A 
perfect agreement among experts in favour of tenecteplase 
was obtained for the patients with AIS of <4.5 h duration 
(9/9), with LVO AIS of <4.5 h duration before MT (9/9), 
and with AIS on awakening or of unknown onset (9/9).

After the TNK-S2B trial that assessed three doses of 
0.10, 0.25 and 0.40 mg/kg (maximum 10, 20 and 40 mg 
respectively), two doses (0.25 and 0.40 mg/kg) have been 
tested in several RCTs in patients with AIS. In our analysis, 
we found low quality evidence that 0.40 mg/kg tenecteplase 
crossed the non-inferior thresholds compared to alteplase 
for functional outcome (excellent or good). Additionally, 
the EXTEND-IA TNK Part 2 trial which compared both 
0.25 and 0.40 mg/kg doses of tenecteplase in patients with 
LVO did not find any benefit with the higher dose.18 Taken 
with the trend towards a numerically higher sICH rates with 
0.40 mg/kg tenecteplase both in NOR-TEST 2 Part A and 
EXTEND-IA TNK Part 2 (although non statistically sig-
nificant), we suggest that there is sufficient data to support 
the exclusive use of the 0.25 mg/kg dose of tenecteplase in 
AIS. It is important to note that the only currently available 
packaging of tenecteplase, was designed for the treatment 
of acute myocardial infarction, and therefore has a weight-
based graduated syringe corresponding to a dosage of 
0.5 mg/kg. Precautions about this packaging are necessary 
to avoid dosing errors in AIS patients.

A main safety criterion in AIS management is the occur-
rence of sICH. However, analysis across studies for this 
item is limited by the lack of one common sICH definition. 
For instance, among the seven studies focusing on unse-
lected AIS patients treated within 4.5 h, only four used a 
common (SITS-MOST) definition. In order to address the 
inconsistencies in sICH definitions, we performed an anal-
ysis which included all studies, using each study’s defini-
tion, and a second analysis which was restricted to the 
RCTs that used the same definition.

Although the use of intravenous tenecteplase remains 
off-label, our recommendations open the way for a broader 
use of tenecteplase in AIS patients. However, we acknowl-
edge that their implementation will be drastically limited 
by the tenecteplase shortages experienced currently in 
Europe. The use of alteplase currently represents the stand-
ard of care with also substantial shortages in the supply 
chain in Europe, however its comparative efficacy with 
tenecteplase may be questioned in AIS patients with LVO. 
We hope that the pharmaceutical industry and European 
regulators may provide a swift and effective solution to 
improve thrombolytics supply and hopefully expand the 
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tenecteplase label for AIS, with appropriate packaging for 
the 0.25 mg/kg dose.

Plain language summary

Individuals who suffer a stroke from a clot blocking the 
vessels in the brain can be treated by injecting clot-dissolv-
ing drugs into a vein in the arm, a procedure called intrave-
nous thrombolysis. Intravenous thrombolysis started within 
4.5 h from the onset of stroke symptoms improves breaking 
down of the clots in the brain and allows improvement of 
symptoms. The most used clot-busting medication used in 
patients with stroke is called alteplase. However, there is a 
newer thrombolytic drug called tenecteplase. Tenecteplase 
is used to treat heart attacks, and has gained interest among 
stroke doctors in recent years. The dose of tenecteplase that 
is used to treat people with stroke is calculated based on 
their weight in kg. This document provides recommenda-
tions on using tenecteplase instead of alteplase to treat 
patients with stroke.

1.	 Tenecteplase at a dose of 0.25 mg/kg is equally safe 
and effective to alteplase for the treatment of 
patients presenting with stroke symptoms within 
4.5 h.

2.	 Tenecteplase should not be used at a higher dose for 
stroke treatment.

3.	 Tenecteplase at a dose of 0.25 mg/kg may be better 
than alteplase for patients treated in a specialised 
ambulance capable of performing brain imaging.

4.	 Patients with stroke due to a blood clot in a large 
artery in the brain should be treated with tenect-
eplase at a dose of 0.25 mg/kg rather than alteplase, 
prior to receiving an intervention to remove the clot 
out of the body (thrombectomy).

5.	 For patients becoming aware of stroke symptoms 
on awakening from sleep or those presenting with-
out information on the time of symptoms onset clot-
busting medications can only be given if access to 
special brain imaging is available. In this setting we 
do not know whether tenecteplase can be used 
instead of alteplase. However, the opinion of the 
experts writing the current document is that tenect-
eplase at a dose of 0.25 mg/kg may be used instead 
of alteplase in patients becoming aware of stroke 
symptoms on awakening from sleep or those pre-
senting without information on the time of symp-
toms onset, provided they meet certain criteria on 
special brain imaging.
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