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Abstract

Tenecteplase (TNK), a genetically modified tissue plasminogen activator, has emerged
as a promising alternative to alteplase (ALT) for intravenous thrombolysis (IVT) in acute
ischemic stroke (AIS). Our aim was to synthesize the current clinical evidence on TNK
use in AIS patients, comparing efficacy, safety, and workflow benefits to ALT. A narrative
review was conducted by searching PubMed and Scopus (January 2024–March 2025) for
studies comparing TNK and ALT in AIS. A total of 35 eligible papers were included. Data
were grouped by treatment scenario: IVT-only, bridging before endovascular therapy
(EVT), and intra-arterial thrombolysis (IAT). The results showed that TNK is non-inferior—
and in some analyses, superior—to ALT regarding functional outcomes, especially in
large vessel occlusion. TNK facilitates shorter treatment delays due to its single-bolus
administration. While some trials report higher rates of intracranial hemorrhage, overall
safety and mortality are comparable. In conclusion, TNK appears to exert equivalent or
superior efficacy and safety compared to ALT in multiple AIS scenarios. Its pharmacological
and logistical advantages support its broader clinical adoption. Further trials are needed,
especially for IAT, central retinal artery occlusion, and patients on dabigatran.

Keywords: tenecteplase; acute ischemic stroke; treatment; narrative review; alteplase

1. Introduction
Intravenous thrombolysis (IVT) for acute ischemic stroke (AIS) significantly improves

independent recovery in eligible patients [1,2]. For almost three decades, the standard
thrombolytic agent has been alteplase (ALT) (0.9 mg/kg, to a maximum of 90 mg; 10% bolus,
90% in a 1 h infusion). Tenecteplase (TNK) is a modified recombinant tissue plasminogen
activator in which three amino acid substitutions confer greater fibrin specificity, resistance
to inactivation by plasminogen activator inhibitor 1, and a longer half-life [3]. Contrary to
ALT, these features enable single-bolus administration of TNK (a single bolus of 0.25 mg/kg,
to a maximum of 25 mg). This allows not only for substantial workflow advantages in
endovascular therapy (EVT) but also for improvement in door-to-needle time (DNT), door-
to-groin puncture time (DGPT) in EVT patients, and door-in-door-out time (DIDO) in EVT
patient transfers [4]. What is more, the risks of underdosing due to infusion interruption or
delayed infusion initiation after bolus can be avoided with TNK [5].
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The body of evidence in favor of TNK use in AIS has been growing rapidly in recent
years. Numerous randomized controlled trials (RCTs) within 4.5 h of last known well (LKW)
have demonstrated the non-inferiority of TNK in comparison to ALT for AIS patients,
with comparable efficacy and safety [6–10]. A meta-analysis of three RCTs, which also
investigated TNK 0.25 mg/kg in the extended 24 h time window (ROSE-TNK, TWIST, and
TIMELESS), demonstrated a favorable safety and efficacy profile for TNK, but ongoing RCTs
are crucial for strengthening this evidence [11]. Collectively, available evidence suggests
that TNK can be considered preferentially for IVT in AIS within 4.5 h of symptom onset.

In this narrative review, we summarize the available evidence and discuss the rele-
vance and importance of TNK treatment in AIS patients in everyday clinical practice. In
addition, we also discuss unresolved issues on TNK use in dabigatran-treated patients
with AIS, patients with central retinal artery occlusion (CRAO) and off-label intra-arterial
thrombolysis (IAT).

2. Materials and Methods
We searched PubMed and Scopus from the approval of TNK in Europe at the beginning

of 2024 through 1 March 2025 for studies reporting TNK use compared to ALT in AIS
patients. In addition, we searched references of related letters, reviews, and editorials
to identify other potentially eligible studies. The search query included the following
keywords: acute ischemic stroke, tenecteplase, alteplase, recombinant tissue plasminogen
activator, endovascular treatment. To be eligible for the present narrative review, the studies
had to be published full-text articles in English language. We systematically screened for the
following data: efficacy/effectiveness (90-day functional outcome), safety (symptomatic
intracranial hemorrhage—sICH, 90-day mortality), convenience of use, and cost. We
divided the body of evidence into the following relevant clinical scenarios: TNK vs. ALT
used in IVT as a sole treatment, TNK vs. ALT in patients before EVT (“bridging therapy”),
and TNK vs. ALT in IAT as an adjunct treatment following EVT.

3. Results
Our literature search retrieved 55 papers, of which 35 were deemed relevant. In total,

we included 11 RCTs, nine meta-analyses, 12 real-world studies (RWSs)/case series (CSs),
and three opinions/reviews/editorials.

3.1. Clinical Scenario 1: Tenecteplase vs. Alteplase for Intravenous Thrombolysis as a Sole
Reperfusion Strategy in Acute Ischemic Stroke Patients

To assess available evidence for this clinical scenario, we included ten RCTs, seven
meta-analyses, six RWSs/CSs, and three reviews/opinions/editorials.

3.1.1. Randomized Controlled Trials

Parsons et al. conducted the TASTE trial, a multicenter, randomized, controlled, phase
3 non-inferiority study including 680 patients (TNK 339 and ALT 341). In the “per-protocol”
population (295 TNK, 306 ALT), TNK was shown to be non-inferior to ALT in terms of
functional outcomes, although superiority was not reached. No significant differences
were observed in all-cause mortality or sICH between the treatment groups. Additionally,
the study highlighted the utility of CT perfusion imaging in guiding IVT, even within the
standard therapeutic time window [6].

The ATTEST-2 trial, performed in the UK, evaluated non-inferiority or superiority of
TNK versus ALT within 4.5 h of symptom onset and included 1777 patients who received
IVT (885 TNK and 892 ALT). TNK was non-inferior, but not superior, to ALT for the
modified Rankin Score (mRS) at 90 days. No significant differences in all-cause mortality
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and sICH were observed. The study also highlighted the easier administration of TNK,
especially in the context of interhospital transfers [12].

The TEMPO-2 trial was a randomized, open-label, phase 3 superiority trial including
patients with minor AIS (National Institute of Health Stroke Scale (NIHSS) 0–5) and a
confirmed intracranial occlusion, of whom 11% had large vessel occlusion (LVO), and 54%
had medium vessel occlusion (MeVO) or focal perfusion abnormality within 12 h of onset.
TNK (0.25 mg/kg) was compared to dual antiplatelets (DAPTs), but not with ALT. A total
of 886 patients were enrolled (454 DAPT, 432 TNK). There were no significant differences in
the primary outcome (return to premorbid mRS) or in sICH rates. However, mortality was
significantly higher in the TNK arm compared with DAPT, leading to an early termination
of the trial for futility [13].

The TRACE-2 study assessed the efficacy and safety of 0.25 mg/kg TNK compared
to 0.9 mg/kg ALT in AIS patients aged ≥80 years in China. Among the 137 participants
(75 TNK, 59 ALT), functional outcomes (mRS 0–1 at 90 days) and sICH rates did not differ
significantly. Notably, the median cost for 0.25 mg/kg TNK IVT was around 30% lower
than that for 0.90 mg/kg ALT [14].

Liu et al. investigated the efficacy and safety of TNK versus ALT in 1382 patients
(688 TNK, ALT 694), stratified by diabetes status and admission hyperglycemia. The
primary efficacy outcome (mRS 0–1 at 90 days) and risk of sICH were comparable between
the treatment groups, regardless of hyperglycemia [15].

A study by Cimflova et al. included 136 patients (77 ALT, 59 TNK) with posterior
circulation vessel occlusion, of whom 28 underwent EVT. No significant differences were
observed between TNK and ALT in terms of 90-day mRS 0–1, sICH, mortality, or successful
reperfusion (extended thrombolysis in cerebral infarction—TICI ≥ 2b/3) [16].

Bala et al. conducted a study in 128 patients with ≥70% extracranial internal carotid
artery (ICA) stenosis and concurrent intracranial ICA or M1/M2 occlusions. Among
the 35 patients who received IVT without EVT, no significant outcome differences were
observed between TNK and ALT [17].

In another study by Bala et al., involving 1558 AIS patients, 455 were identified with
MeVO. Of these, 368 received IVT without EVT (189 TNK and 179 ALT). The primary
outcome (90-day mRS 0–1) did not differ significantly between groups (37.9% with TNK
vs. 34.7% with ALT). The 90-day rates of sICH and mortality were similar in both groups.
However, no subgroup analysis was performed for this IVT-only population [18].

Nair et al. evaluated 378 patients with minor AIS (NIHSS ≤ 5), comparing outcomes
between TNK (n = 194) and ALT (n = 184). Safety (sICH, mortality) and efficacy (mRS 0–1)
outcomes did not differ significantly between groups [19].

Cheng et al. studied 224 patients with AIS presenting 4.5 to 24 h after LKW, with
favorable penumbral profiles and LVO or MeVO. Of these, 111 patients received TNK and
113 received the best medical treatment, including 26 patients treated with ALT. Outcome
comparisons between TNK and ALT in this subgroup were not clearly defined [20].

3.1.2. Meta-Analyses

Huang et al. conducted a meta-analysis of ten RCTs including 5123 patients (2677 TNK,
2446 ALT). No significant differences were observed between TNK and ALT in achieving
excellent functional outcomes (mRS 0–1 at 90 days) or in the rate of sICH. Subgroup analysis,
however, suggested that the 0.25 mg/kg dose of TNK was associated with greater efficacy
and a lower rate of sICH compared with the 0.40 mg/kg dose of TNK [21].

Singh et al. analyzed data from nine studies involving 3573 patients and found no sig-
nificant differences between TNK and ALT in terms of excellent functional outcomes (mRS
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0–1) or all-cause mortality at 90 days. However, the incidence of intracranial hemorrhages
(both symptomatic and asymptomatic) was higher in the TNK group [22].

Ma et al. performed a comprehensive meta-analysis including data from 12 random-
ized trials (n = 5533) and 24 non-randomized studies (n = 44,956). TNK and ALT showed no
significant difference in achieving excellent functional outcomes at three months, but the
0.25 mg/kg dose of TNK was associated with improved outcomes. The rate of sICH was
similar between the groups, while all-cause mortality was lower in the TNK group [23].

Xiong et al. analyzed data from phase III clinical trials involving 4068 AIS patients
treated within the 4.5 h window (2056 TNK; 2012 ALT). TNK was found to be non-inferior
to ALT in achieving excellent functional outcomes (mRS 0–1) and was not associated with
increased risks of sICH or mortality [24].

Wang et al. conducted a meta-analysis of nine RCTs and reported no significant
difference in the incidence of sICH (TNK: 48/1807 vs. ALT 44/1760) and mortality (TNK:
194/1743 vs. ALT 190/1704). However, TNK was associated with a significantly higher
rate of excellent functional outcomes (TNK: 871/1798 vs. ALT: 792/1750) [25].

Koh et al. investigated ethnicity-specific differences in safety and efficacy of TNK
compared to ALT. A significantly higher rate of excellent functional outcomes was observed
in patients treated with TNK compared with ALT, particularly in Caucasians. No significant
differences in mortality or sICH were noted between TNK and ALT across ethnic subgroups.
In Asians, TNK was associated with a higher rate of complete recanalization compared
with ALT [26].

Günkan et al. conducted a meta-analysis evaluating the safety and efficacy of IVT
beyond the conventional 4.5 h window. No significant differences were found between
TNK and ALT in terms of excellent functional outcomes, sICH, or mortality [27].

3.1.3. Real-World Studies and Case Series

Cassano et al. included 48 AIS patients (24 TNK, 24 ALT) in a U.S.-based study. No
differences were found between TNK and ALT regarding safety outcomes (mortality or
sICH). While TNK in the U.S. appeared more cost-effective at face value (approximately
USD 1100 cheaper per 50 mg kit compared with a 100 mg ALT vial), total expenditures
with TNK may be higher due to drug waste [28].

Lo et al. conducted a retrospective review in Hong Kong involving 286 patients with
suspected LVO, who were treated with either TNK (n = 148) or ALT (n = 138), without
undergoing EVT. No significant differences were found between the two groups in terms
of sICH, functional independence (mRS 0–2), or mortality [29].

Dutta et al. carried out a real-world, retrospective observational study with 154 AIS
patients (71 TNK, 83 ALT), of whom seven underwent EVT. There were no significant dif-
ferences in mRS 0–1 at 90 days, sICH rates, or mortality between the treatment groups [30].

A Chilean study (Guzman et al., 2025) evaluated 221 AIS patients: 110 received TNK
during the COVID-19 pandemic, while 111 received ALT just prior to the pandemic. Among
them, 39 underwent EVT. The safety and functional outcomes were similar between the
TNK and ALT groups [31].

Skärlund et al. conducted a nationwide Swedish stroke registry study involving
7448 AIS patients (888 TNK, 6560 ALT), including 1277 who received EVT. TNK was found
to be non-inferior to ALT regarding sICH, in-hospital and 90-day mortality, as well as
functional outcomes [32].

Henderson et al. performed a single-center study involving 100 AIS patients (50 TNK,
50 ALT), with 21 patients undergoing thrombectomy. The study found no statistically
significant differences between TNK and ALT in secondary safety or efficacy outcomes, yet
there was a significant decrease in DNT with TNK compared with ALT [33].
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3.1.4. Review/Commentary/Editorial/Opinion

According to a commentary by Toyoda, convincing data from meta-analyses showed
the superiority of TNK to ALT for an excellent outcome, which will soon shape the future
AIS guidelines globally [34].

In their review, Campbell pointed out that TNK has been compared to ALT in more
patients than ALT was historically compared to a placebo. Moreover, they highlight the
superiority of TNK over ALT for an excellent 90-day outcome. The absolute benefit of
TNK over ALT in the general IVT-eligible population at a mRS 0–1 threshold is clinically
meaningful at ~3% (number needed to treat to achieve no disability of ~33). The benefit
may be greater in patients with LVO. The simplicity of bolus administration (compared
with 60 min ALT infusion) ensures the full dose is given and facilitates transport between
or within hospitals for EVT. On the contrary, in patients with mild AIS (NIHSS < 5), TNK
was associated with no benefit in functional outcomes compared to DAPT loading, despite
increased recanalization with TNK, and there was an increase in sICH and mortality. The
latest data using TNK have extended the time window to 24 h using perfusion-imaging
selection. In patients with LVO without access to EVT, TNK vs. standard care demonstrated
an absolute benefit in mRS 0–1 of ~10%, similar to ALT 0–3 h in the broad IVT-eligible
population or 4.5–9 h in the perfusion mismatch population [35].

In their mini-review, Wang et al., on the basis of two studies, argue that in patients
with minor non-disabling mild AIS, treatment with IVT (either ALT or TNK) vs. DAPT did
not increase the likelihood of favorable 90-day functional outcomes [36].

3.2. Clinical Scenario 1: Summary of Findings

In eight out of ten RCTs, the functional outcomes, sICH frequency and mortality after
IVT with TNK were comparable to IVT with ALT, even in the presence of diabetes and/or
hyperglycemia, in patients aged ≥80 years, in posterior circulation vessel occlusion, in
carotid tandem lesion, and in minor AIS [14–17,19]. Additionally, TNK use in China was
associated with around 30% lower cost [14]. Interestingly, in patients with non-disabling
minor AIS and proven intracranial occlusion, TNK was associated with higher mortality
than the comparator (DAPT) [13]. In two out of seven meta-analyses, including more than
127,000 patients in total, TNK achieved better functional outcomes compared with ALT,
especially in Caucasians, with more frequent complete recanalization in Asians [25,26].
In one meta-analysis, TNK was associated with a higher frequency of both sICH and
asymptomatic intracranial hemorrhage, without a concomitant rise in mortality or wors-
ening of functional outcomes [22]. Mortality was lower after TNK compared with ALT
in one meta-analysis [23]. In all six included RWSs/CSs, there were no differences in the
mortality and sICH occurrence between TNK and ALT. Yet, according to one study, TNK
was associated with cost savings, although poor waste management could undermine
its overall cost-effectiveness. In another study, the use of TNK instead of ALT resulted
in a significantly shorter DNT, without any difference in functional outcomes and mor-
tality [28,33]. Two out of three reviews emphasize the superiority of TNK over ALT for
excellent functional outcomes, with one predicting that TNK will soon be introduced into
AIS guidelines globally [34]. One of the reviews underlines the simplicity and ease of bolus
administration of TNK, ensuring full-dose administration, with a likely greater benefit in
LVO [35]. According to one review, the treatment time window with TNK is suggested to
extend up to 24 h using perfusion-imaging selection [35]. The summary of findings for this
clinical scenario are presented in Table 1.
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Table 1. Summary of findings for clinical scenario 1: tenecteplase vs. alteplase in intravenous
thrombolysis-only patients.

Type of Study Nr. of Included
Studies Main Findings

RCTs 10

Comparable outcomes across subgroups
(elderly, diabetes, posterior circulation, tandem

carotid lesions, minor AIS)
Non-disabling minor AIS + LVO → ↑ mortality

vs. DAPT
Lower cost (~30% in China)

Meta-analyses 7

2/7: Better functional outcomes (esp.
Caucasians), ↑ recanalization in Asians

1/7: ↑ sICH and asymptomatic ICH
(no ↑ mortality)
1/7: ↓ mortality

Real-world studies 6
No differences in mortality or sICH

Cost savings (but may be offset by waste issues)
Shorter DNT, no outcome change

Reviews 3

2/3: superior for excellent outcomes, guideline
inclusion predicted

Bolus simplicity ensures full dosing; benefit
in LVO

Suggested window extension up to 24 h with
perfusion imaging

RCTs—randomized controlled trials, AIS—acute ischemic stroke, LVO—large vessel occlusion, DAPT—dual
antiplatelet therapy, sICH—symptomatic intracranial hemorrhage, ICH—intracranial hemorrhage, DNT—door-
to-needle time, →—leads to, ↑—higher, ↓—lower.

3.3. Clinical Scenario 2: Tenecteplase vs. Alteplase Before Endovascular Treatment
(“Bridging Therapy”)

To assess available evidence for this clinical scenario, we included four RCTs (all being
sub-studies of the AcT study), two meta-analyses, six RWSs/CSs, and one review/opinion.

3.3.1. Randomized Controlled Trials

In a study by Cimflova et al., 28 out of 1577 enrolled patients underwent EVT, with
16 receiving ALT and 12 receiving TNK. The results demonstrated no significant differences
between the two groups in terms of favorable clinical outcomes (mRS 0–1 at 90 days),
occurrence of sICH, baseline or final reperfusion rates, or mortality [16].

Bala et al. conducted a study involving 1577 patients, among whom 128 had carotid
tandem lesions. A subgroup of 93 patients underwent EVT following IVT; 50 received TNK
and 43 received ALT. In this cohort, TNK was associated with higher odds of achieving
mRS 0–1 at 90 days after multivariable adjustment. However, no significant differences
were observed between the groups in terms of successful intracranial recanalization, rates
of sICH, or mortality [17].

In another study by Bala et al., involving 1558 patients, 455 were identified with
MeVO. EVT was performed in 87 patients (47 TNK, 40 ALT). While the rates of 90-day
mRS 0–2, sICH, and mortality were comparable between the two groups, the TNK group
demonstrated significantly higher rates of final successful and excellent reperfusion [18].

A 2025 study by Bala et al. included 435 patients, with 222 receiving TNK and
213 treated with ALT prior to EVT. Although no significant differences in clinical efficacy
or safety outcomes were observed between the groups for first-line EVT overall, TNK was
associated with significantly higher odds of achieving final major reperfusion when the
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aspiration technique was employed. This effect was not observed when using stentriever
devices [37].

3.3.2. Meta-Analyses

A meta-analysis by Wu et al. included ten studies—comprising two RCTs and eight
non-randomized non-blind cohort studies—encompassing a total of 3722 patients who
underwent EVT due to AIS in either the anterior or posterior circulation (1266 received
TNK and 2456 ALT). Treatment with TNK was associated with significantly higher early
recanalization rate and lower mortality within 90 days compared with ALT. However,
the rates of sICH and functional independence (defined as NIHSS 0–2) were comparable
between the two groups [38].

A report by Guo et al. included eight RCTs with a total of 2836 AIS patients, who
were divided into five subgroups based on the treatment received: EVT alone, 0.25 mg/kg
TNK + EVT, 0.40 mg/kg TNK + EVT, 0.6 mg/kg ALT + EVT, and 0.9 mg/kg ALT + EVT.
When comparing TNK and ALT, the lower dose of TNK was associated with a significantly
higher rate of successful reperfusion (TICI 2b-3) compared with any dose of ALT. No
significant differences were observed between groups in terms of mortality, functional
outcomes, and sICH [39].

3.3.3. Real-World Studies and Case Series

Hendrix et al. collected data on 635 patients with AIS and LVO from Pennsylvania,
United States, who received IVT prior to EVT; 309 patients were treated with TNK and
326 with ALT. The study reported no significant differences between the two groups in
terms of favorable functional outcomes (90-day mRS ≤2), successful endovascular reperfu-
sion (modified TICI 2b–3), sICH, or 90-day all-cause mortality [40].

Hendrix et al. conducted another retrospective study involving 462 patients with LVO
AIS who received IVT prior to EVT. The study aimed to investigate the association between
admission hyperglycemia and sICH in patients treated with TNK (n = 254) versus ALT
(n = 208). Among hyperglycemic patients, the incidence of sICH was comparable between
TNK and ALT groups. Similarly, in normoglycemic patients, no significant differences in
sICH rates were observed between the two thrombolytic agents [41].

Karamchandani et al. analyzed data from 233 patients with LVO AIS (109 TNK,
124 ALT), and 82% (191) received subsequent EVT (ALT 100, TNK 91). There were no
significant differences in recanalization rates (for initial basilar, ICA, or middle cerebral
artery (MCA)-M1 occlusion, modified TICI 2b-3 revascularization on initial angiogram;
for EVT patients with initial MCA-M2 occlusion, modified TICI 2c-3 revascularization or
absence of retrievable thrombus on initial angiogram), functional outcomes (mRS 0–2), or
safety (sICH) between the treatment groups in each of these subsets of patients [42].

A French study by Zarzour et al. evaluated 1131 patients who underwent EVT,
including 250 treated with TNK and 881 with ALT. Functional independence at 90 days
(mRS 0–1) was similar between the two groups, with no significant differences in the rates of
sICH or mortality. TNK appeared associated with shorter IVT-to-groin puncture times [43].

Marnat et al. analyzed data from the ETIS and TETRIS observational registries, focus-
ing on 753 patients with tandem occlusions, of whom 124 received TNK and 629 received
ALT prior to EVT. Favorable outcomes, defined as 90-day mRS 0–2, as well as the rates of
sICH and parenchymal hematoma, were comparable between groups. However, TNK use
was associated with significantly higher rates of final successful recanalization and lower
90-day mortality [44].

In a Spanish study by García-Alcántara et al., 256 patients with LVO were included,
with 96 receiving TNK and 160 receiving ALT. Rates of recanalization and ICH were similar
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between the groups. Functional outcomes were also comparable, regardless of thrombus
migration status. Notably, thrombus migration occurred more frequently in patients treated
with TNK [45].

3.3.4. Review, Opinion

A review by Campbell emphasizes the simplicity of TNK bolus administration, ensur-
ing easier transfer between or within hospitals for EVT. Additionally, the author mentions
that the benefit of TNK over ALT may be greater in patients with LVO. Hence, TNK seems
especially promising in patients with LVO while arranging transport for possible EVT. The
author highlights the convenience of TNK in patients with LVO-AIS who cannot access EVT,
which is, unfortunately, the majority globally. Even in developed countries, most patients
first present to a primary stroke center, without access to EVT, and require interhospital
transport to a comprehensive stroke center, with no guarantee of still being eligible for EVT
upon arrival [35].

3.4. Clinical Scenario 2: Summary of Findings

In one out of four studies, all being sub-studies of AcT RCT, TNK was superior to
ALT in achieving excellent functional outcomes, whereas in terms of sICH frequency and
mortality, TNK was comparable to ALT [17]. In two studies, TNK was superior to ALT
in achieving excellent reperfusion, although this did not translate into better functional
outcomes [18,37]. In one study, the superiority of TNK over ALT was found only in patients
in whom recanalization was achieved using the aspiration technique, and not stentriever
devices [37]. In both included meta-analyses, TNK was associated with improved early
recanalization rate up to 24 h from LKW, with one study showing lower mortality with
TNK compared with ALT [38]. In either study, there was no difference in sICH occurrence
and functional outcomes. In all six included RWSs/CSs, TNK was non-inferior to ALT in
terms of functional outcome and sICH frequency. In one study, TNK was associated with
higher recanalization rates and lower mortality, as well as shorter IVT-to-groin puncture
times [43]. In another study, thrombus migration was more frequent with TNK, albeit with-
out deterioration of functional outcomes [43]. TNK and ALT showed similar effectiveness
and safety in hyperglycemic patients that fared worse compared with non-hyperglycemic
patients, regardless of IVT medication [41]. A review stresses out the benefit of TNK over
ALT, especially in patients with LVO prior to EVT, with a possible facilitatory effect of active
thrombolytic on EVT success [35]. The summary of the findings for this clinical scenario is
presented in Table 2.

Table 2. Summary of findings for clinical scenario 2: tenecteplase vs. alteplase as bridging therapy
prior to endovascular therapy.

Type of Study Nr. of Included
Studies Main Findings

AcT sub-studies 4 1/4: superior for excellent outcomes
sICH and mortality were comparable

Meta-analyses 2

Improved early recanalization ≤24 h
from LKW

1/2: ↓ mortality
No differences in sICH or functional outcomes
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Table 2. Cont.

Type of Study Nr. of Included
Studies Main Findings

Real-world studies 6

Non-inferior for outcomes and sICH
1/6: ↑ recanalization, ↓ mortality, shorter

IVT-to-groin-puncture time
1/6: ↑ thrombus migration (no worse

outcomes)
Hyperglycemia: TNK ≈ ALT, both worse vs.

normoglycemia

Reviews 1 May benefit LVO-AIS before EVT
Facilitatory effect of active IVT on EVT success

AcT—intravenous tenecteplase compared with alteplase for acute ischemic stroke in Canada, sICH—symptomatic
intracranial hemorrhage, LKW—last known well, IVT—intravenous thrombolysis, TNK—tenecteplase,
ALT—alteplase, LVO—large vessel occlusion, AIS—acute ischemic stroke, EVT—endovascular treatment,
↑—higher, ↓—lower.

3.5. Clinical Scenario 3: Tenecteplase vs. Alteplase for Intra-Arterial (Adjuvant) Thrombolysis
Following Endovascular Treatment

Campbell pointed out that there are ongoing studies with adjuvant thrombolytics,
without mentioning TNK. Among the papers published within the search period, not a
single one addressed this relevant clinical scenario using TNK in IAT [35].

4. Discussion
According to our analysis of RCT and RWS/CS data during the study period, TNK

seems to be non-inferior to ALT in IVT-only patients with AIS. However, meta-analyses
encompassing more than 120,000 patients in total suggest TNK to be superior to ALT in
these patients in terms of functional outcomes. Moreover, TNK seems to be associated with
significantly shorter DNT, principally due to the ease and simplicity of bolus administration,
obviating the need for an infusion. In patients with LVO AIS undergoing EVT, prior IVT
with TNK seems to be superior to ALT in terms of functional outcomes, shorter DGPT,
excellent reperfusion, and improved early recanalization, with a similar safety profile. The
benefit of TNK over ALT seems to be higher in patients with LVO AIS compared with
non-LVO AIS due to a possible facilitatory effect of active thrombolysis on EVT success.

It is reassuring that TNK showed at least similar results to ALT in a vast population
of IVT-only AIS patients, even in the presence of diabetes or hyperglycemia, in elderly
patients, in carotid tandem lesions, in posterior circulation occlusion, and in minor AIS.
On the contrary, the TEMPO-2 trial, which included patients with minor non-disabling
AIS with a proven intracranial occlusion (LVO in 11%, MeVO in 54%), showed that TNK
was associated with higher mortality when compared with DAPT in these patients [13].
However, since DAPT, according to international guidelines, is considered as short-term
secondary prevention rather than acute treatment in minor AIS patients, these results,
in our view, should not prompt clinicians to refrain from IVT in this patient cohort alto-
gether [46]. Instead, taking into account clinical data (e.g., NIHSS, premorbid mRS) as well
as radiologic characteristics (e.g., functional imaging), cautious and judicious use of TNK
in this population seems reasonable.

On the basis of meta-analyses, TNK holds promise as a potentially preferred treatment
option for IVT in AIS, with improved functional outcomes compared with ALT, especially
in Caucasians, whereas improved recanalization rates have been observed in Asians [25,26].
A higher frequency of any intracranial hemorrhage, including sICH, without concomitant
worsening of mortality or functional outcomes with TNK compared with ALT, was found
only in one meta-analysis [22]. This could be associated with a higher recanalization
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rate with TNK, accompanied by recanalization hemorrhage [47]. A meta-analysis even
suggested lower mortality with TNK vs. ALT [23].

Regarding the cost of TNK, it seems to be more cost-efficient than an equivalent ALT
dose, especially in some countries, such as China and Slovenia [14]. However, some authors
point out that poor waste management in countries where only 50 mg vials of TNK are
available could undermine this overall cost-effectiveness [28]. On the contrary, in the
authors’ home countries (Slovenia/Germany), where 25 mg vials of TNK are also readily
available, waste management can be improved, resulting in considerable cost savings
(~20%; unpublished data) compared with ALT.

Regarding workflow in AIS, TNK, due to its bolus-only administration, leads to
shorter in-hospital delays in IVT, and significantly shortens DIDO times in patients with
LVO who are transferred from a primary stroke center to a comprehensive stroke center for
EVT [4,33]. In our view, TNK offers advantages during sedation, requiring only one line.
Further, bolus-only administration of TNK assures that a full dose is given to every patient,
without the frequent non-trivial interruptions in the administration of ALT that occur in
daily clinical practice because of logistical reasons.

Although both TNK and ALT are only approved for use within the 4.5 h time window,
and guidelines so far only recommend ALT for up to 9 h using perfusion imaging, Campbell
predicts that the time window for TNK might soon be extended up to 24 h from LKW using
perfusion-imaging selection [35,46]. In these patients, it has been convincingly shown that
the use of TNK has at least not led to worse neurological outcomes [48]. Consequently,
TNK is being adopted into international stroke guidelines, with a reasonable expectation
that it may fully replace ALT in the future for IVT in all AIS patients [49].

An important issue regarding the interpretation of TNK data is the use of different
TNK doses (0.25 mg/kg vs. 0.40 mg/kg), resulting in safety concerns. The European Stroke
Organisation (ESO) guidelines suggest that there is sufficient data to support the exclusive
use of the 0.25 mg/kg dose of TNK in AIS [49]. Furthermore, these guidelines recommend
strongly against the use of the higher 0.40 mg/kg dose, due to the lack of additional benefits
as shown by Huang et al. [21], and numerically higher sICH rates associated with high-dose
administration [49].

Previous studies showed improved efficacy and safety of TNK, especially in terms
of recanalization/reperfusion, in patients with LVO AIS, particularly as a bridging ther-
apy [7,50–52]. In the four included sub-analyses of the Canadian AcT trial, TNK was
superior to ALT in achieving excellent reperfusion, which, however, did not translate into
improved functional outcomes [17,18,37]. Interestingly, in contrast to stentriever devices
for EVT, only the aspiration technique led to improved results with TNK compared with
ALT [37]. This could be explained by a reduction in fibrin proportion and thrombus volume
in TNK-treated patients, which makes it less adherent to the vessel wall [53]. It is known
that contact aspiration is less effective with fibrin-rich thrombi, hence TNK may lead to
greater reperfusion rates compared with ALT. This effect may be less relevant for stentriever
devices [54].

Improved early recanalization rate with TNK has been shown in two meta-analyses,
translating into lower mortality in one study [38]. Importantly, the advantages of bolus-only
administration of TNK over ALT become more pronounced in patients with LVO AIS, with
shorter DGPT [43]. Even though thrombus migration is probably more frequent with TNK
compared with ALT, functional outcomes appear comparable [45].

Our literature search did not yield any studies concerning TNK as an adjunct to
IAT after EVT, despite this being a very important topic for improving outcomes in these
patients. The ANGEL-TNK trial demonstrated that patients with anterior LVO presenting
4.5 to 24 h from symptom onset may benefit from IAT with TNK following successful
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recanalization, without increased bleeding or mortality risks [55]. These results support the
role of IAT in combination with ALT (CHOICE and PEARL) studies.

Two additional considerations regarding TNK warrant further investigation. The
first involves patients taking dabigatran; while the ESO guidelines recommend ALT for
patients with AIS who have recently taken dabigatran and received idarucizumab, TNK is
not explicitly endorsed in this setting. However, emerging evidence indicates that it may
be safely used following idarucizumab reversal [46,56]. In line with this, drug approvals
stipulate that patients on dabigatran regain eligibility for IVT after administration of
idarucizumab, regardless of the use of ALT or TNK. Nevertheless, additional studies and
interim guidance are needed to support its use in this subgroup. The second consideration
concerns patients with CRAO. Although current guidelines recommend ALT for this
indication, some CS have described the use of TNK [57,58]. Nonetheless, more robust
clinical trials are necessary to clearly define its efficacy and safety in this context.

Our analysis has clear limitations, most notably its narrative review design. However,
its principal strength lies in the comprehensive inclusion of all available data on IVT and
EVT from the study period.

5. Conclusions
TNK seems to be effective and safe in a wide patient population of IVT-only AIS

patients and as a bridging therapy in EVT patients. Its ease of bolus-only administration
enables shorter DNT, simplifies, and most importantly, shortens delays in patients with
LVO who are candidates for EVT. We propose ongoing collection of real-life data on TNK
use in daily clinical practice, additional RCTs, including TNK in IAT, and, importantly,
international collaborative efforts. Our narrative review demonstrates the safety and
efficacy of TNK as an alternative to ALT in patients with AIS who are candidates for IVT.
Owing to its favorable characteristics—including simplified administration, greater fibrin
specificity, and improved cost-efficiency, at least in some countries, TNK seems to be a
promising option for thrombolytic therapy.
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The following abbreviations are used in this manuscript:

TNK Tenecteplase
ALT Alteplase
IVT Intravenous thrombolysis
AIS Acute ischemic stroke
EVT Endovascular treatment
rt-PA Recombinant tissue plasminogen activator
DNT Door-to-needle time
DGPT Door-to-groin puncture time
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DIDO Door-in-door-out time
RCTs Randomized controlled trials
LKW Last known well
CRAO Central retinal artery occlusion
IAT Intra-arterial thrombolysis
sICH Symptomatic intracranial hemorrhage
ESO European Stroke Organisation
RWS Real-world studies
CS Case series
mRS Modified Rankin Score
NIHSS National Institute of Health Stroke Scale
LVO Large vessel occlusion
MeVO Medium vessel occlusion
DAPT Dual antiplatelet therapy
ICA Internal carotid artery
MCA Middle cerebral artery
TICI Thrombolysis in cerebral infarction
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