
Vol.:(0123456789)

Journal of Neurology         (2025) 272:324  
https://doi.org/10.1007/s00415-025-13084-2

ORIGINAL COMMUNICATION

Tenecteplase compared to alteplase before mechanical thrombectomy 
enhances 1‑h recanalization and reduces disability in large‑vessel 
occlusion

Lu Wang1 · Jialu Li1 · Xiao Wu1 · Lulan Li1 · Xueqiao Jiao1 · Fengyuan Che2 · Hongxing Han2 · Liyong Zhang3 · 
Weidong Liu3 · Peifu Wang4 · Fuxia Yang1 · Fangfang Zhang1 · Xunming Ji1 · Xiuhai Guo1,5 

Received: 15 February 2025 / Revised: 31 March 2025 / Accepted: 2 April 2025 
© The Author(s) 2025

Abstract
Background  The comparative efficacy of tenecteplase versus alteplase in achieving early recanalization (ER) before mechani-
cal thrombectomy (MT) for large-vessel occlusion (LVO) remains uncertain.
Methods  This study was a retrospective analysis of prospectively collected data of consecutive patients with LVO underwent 
intravenous thrombolysis (IVT) and brain angiography between January 2022 and December 2023. ER was defined as ≥ 50% 
reperfusion or absence of retrievable thrombus on initial angiography.
Results  146 patients received tenecteplase and 307 received alteplase. Tenecteplase shortened door-to-IVT time (33 vs. 39 
min, P < 0.001) and door-to-puncture time (97 vs. 109 min, P = 0.039) compared to alteplase. Overall ER rates did not differ 
significantly (17.1% vs. 12.1%, P = 0.223). However, a significant interaction was observed between thrombolytic agent and 
IVT-to-puncture time (Pinteraction = 0.034): tenecteplase achieved higher ER rates when IVT-to-puncture time was < 60 min 
(17.2% vs. 5.0%, aOR, 4.13 [95% CI 1.24–13.74]). With IVT-to-puncture time ≥ 60 min, ER rates were similar (17.2% vs. 
16.8%, aOR 0.91 [95% CI 0.43–1.91]). No ER differences were noted across occlusion sites, clot burden, NIHSS, sex, and 
age. At 3 months, tenecteplase reduced disability rates (mRS 0–3: 73.5% vs. 65.7%, P = 0.041). Functional independence 
(mRS 0–2) was 57.4% with tenecteplase and 53.1% with alteplase (P = 0.301).
Conclusions  Real-world observations reveal tenecteplase has increased ER rates compared to alteplase within 1 h of IVT 
and reduced disability in LVO patients. Further randomized trials are warranted to evaluate the effect of tenecteplase rapid 
bridging mechanical thrombectomy.
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Introduction

Intravenous thrombolysis (IVT) bridging mechanical 
thrombectomy (MT) is recommended within 4.5 h of 
symptom onset for acute large-vessel occlusion (LVO) [1], 
as early recanalization (ER) induced by IVT significantly 
impacts patient functional outcomes [2, 3]. Despite its wide-
spread use, alteplase achieves early recanalization (ER) in 
only around 10% of cases [4–7], with efficacy influenced by 
IVT-to-puncture time, occlusion site, and thrombus charac-
teristics [8–10]. Therefore, the use of novel agents and the 
exploration of optimal application scenarios are crucial for 
the treatment of LVO.

Tenecteplase, a genetically modified fibrinogen activa-
tor, has high resistance to plasminogen activator inhibitor- 1 
and a long half-life, allowing for single-bolus administration 
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[11]. In contrast, alteplase requires a 60-min infusion [12]. 
The EXTEND-IA TNK trial reported higher ER rates and 
better functional outcomes with tenecteplase versus alteplase 
in patients with LVO [7]. However, study analyzing patients 
transferred between hospitals for endovascular therapy have 
shown similar ER and functional independence between the 
two agents [13]. This discrepancy may arise from variations 
in workflow efficiency: alteplase-induced ER increases with 
prolonged IVT-to-puncture intervals [9, 10], whereas tenect-
eplase maintains stable ER rates regardless of time [14]. 
However, limited data are available to assess whether the 
two thrombolytic agents demonstrate differential ER rates 
across various IVT-to-puncture time frames. In addition, the 
relationship between tenecteplase-associated ER and throm-
bus characteristics, as well as the influence of tenecteplase 
on thrombus migration, has yet to be fully explored.

In this study, we compared the ER rates in patients with 
large-vessel occlusion treated with alteplase or tenecteplase. 
We hypothesized that the efficacy of tenecteplase in improv-
ing ER rates is time-dependent and aim to determine the 
optimal window for the increased recanalization rate of 
tenecteplase. We also sought to evaluate the potential impact 
of additional ER predictors such as occlusion site, clot bur-
den score, sex, age, and NIHSS.

Methods

Study population

In this multicenter retrospective study, we evaluated con-
secutive patients with LVO treated with IVT at three com-
prehensive stroke centers in China—Linyi People’s Hos-
pital, Liaocheng People’s Hospital, and Aerospace Center 
Hospital—between January 2022 and December 2023. All 
three centers have an annual thrombolysis volume exceed-
ing 200 cases and maintain a uniform prospective registry 
for the study of IVT in acute ischemic stroke. Patients were 
eligible for endovascular therapy when a proximal intracra-
nial arterial occlusion was identified according to the latest 
international guidelines.

Patients who met the following criteria were included: 
(1) aged 18 and older, (2) baseline CT angiography (CTA) 
or MR angiography (MRA) shows occlusion in the internal 
carotid artery (ICA), the first (M1) or second (M2) segment 
of the middle cerebral artery, or the basilar artery (BA), 
(3) symptom onset ≤ 4.5 h, or a mismatch on CT perfu-
sion (CTP) or MRI between diffusion-weighted imaging 
and fluid-attenuated inversion recovery when onset time 
was unknown, and (4) received IVT with 0.25 mg/kg tenect-
eplase or 0.9 mg/kg alteplase and a brain digital subtraction 
angiography (DSA).

The exclusion criteria were: extra-cranial carotid occlu-
sion, multiple sites occlusion, missing critical imaging data 
or critical information, and IVT-to-puncture time more than 
8 h.

Data collection

Data were obtained from the registry and supplemented 
by reviewing medical records when necessary: age, sex, 
baseline and 24 h National Institutes of Health Stroke Scale 
(NIHSS), medical history (including hypertension, hyper-
lipidemia, diabetes, coronary heart disease, atrial fibrillation, 
previous stroke, antiplatelets use, and smoking), and time 
points (symptom onset, hospital arrival, IVT, groin punc-
ture, and recanalization).

All patients received a non-contrast CT scan, either CTA 
or MRA at baseline, followed by subsequent DSA imaging 
assessments. All patient imaging was independently evalu-
ated by two experienced radiologists at each center, who 
were blinded to the procedure and clinical outcomes. The 
following data were recorded: (1) intracranial occlusion site 
was identified on baseline CTA or MRA with the follow-
ing categorizations: ICA, M1, M2, or BA; (2) clot burden 
was assessed using the clot burden score on CTA or MRA 
images [15]; (3) modified thrombolysis in cerebral infarction 
(mTICI) grade was evaluated on initial and finally DSA; (4) 
occlusion site on the first intracranial DSA.

Definition of outcome variables

Clinical outcomes were evaluated using the NIHSS at 24 h 
and the modified Rankin Scale (mRS) at 3 months. Early 
clinical improvement is defined as a reduction of the NIHSS 
score by ≥ 8 or achieving an NIHSS score of 0–1 at 24-h 
post-treatment; functional independence is defined as mRS 
0–2 at 3 months. The 3-month mRS scores were determined 
by neurologists through telephone interviews or routine out-
patient clinic visits. Care pathway information was blinded 
to the assessors collecting the clinical outcome data.

Early recanalization was defined as mTICI of 2b–3 (rep-
erfusion has occurred in over 50% of the affected zone) or 
the absence of a retrievable thrombus on the initial DSA. We 
also assessed partial recanalization, defined as mTICI of 2a 
(reperfusion has occurred in < 50% of the affected zone). 
Thrombus migration was characterized as a change to a more 
distal occlusion on the angiogram compared to the initial 
occlusion on the CTA. The initial occlusion was identified 
as the thrombus’s most proximal location on the CTA. On 
the angiogram, occlusion was determined as the thrombus’s 
most proximal location on the initial DSA.

Safety outcomes were assessed, including: parenchymal 
hematomas 2 (PH- 2), defined according to the ECASS II 
criteria [16]; symptomatic intracranial hemorrhage (sICH) 
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defined according to the SITS-MOST criteria [17]; and mor-
tality, defined as an mRS score of 6.

Statistical analysis

Quantitative variables were represented by the median 
and interquartile range, while qualitative variables were 
expressed as frequency and percentage. The χ2 test, Fish-
er’s exact test, and Mann–Whitney U test were applied as 
appropriate for assessing baseline and outcome variables. 
The primary imaging outcome, early recanalization rates of 
tenecteplase and alteplase, was assessed while adjusting for 
baseline NIHSS score, age, occlusion site, and time from 
hospital arrival to puncture. Then, we evaluated primary 
imaging outcomes within subgroups categorized by sex 
(male, female), age (< 80, ≥ 80 years), NIHSS (< 15, ≥ 15), 
IVT-to-puncture time (< 60 and ≥ 60 min), occlusion site 
(ICA, M1, M2, and BA), and clot burden score (0–4, 5–7, 
and ≥ 8), while adjusting for pertinent covariates using logis-
tic regression models and calculating P values for interaction 
(Pinteraction). Furthermore, restricted cubic splines were uti-
lized to examine the possible nonlinear relationship between 
IVT-to-puncture time and early recanalization. We compared 
the 3-month mRS scores in two treatment groups for clinical 
outcomes by adjusting for baseline NIHSS score, age, and 
time from symptom onset to IVT. All P values reported are 
two-sided, with significance defined as P < 0.05. Statistical 
analysis was conducted with IBM SPSS version 27 and R 
statistics software version 4.2.2.

Results

During the study period, 533 patients with large-vessel 
occlusion who underwent intravenous thrombolysis and 
brain angiography were admitted to the participating centers. 
Among them, 14 received urokinase-type plasminogen acti-
vator, 364 received alteplase, and 155 received tenecteplase. 
After excluding 66 patients for the following reasons—6 
with CTA from external hospital not available, 22 missing 
DSA data, 14 missing CTA data, 16 with standalone cervi-
cal ICA occlusion, 3 with anterior cerebral artery occlu-
sion, 2 with posterior cerebral artery occlusion, and 3 with 
vertebral artery occlusion—the final analysis included 453 
patients: 307 in the alteplase group and 146 in the tenect-
eplase group. Furthermore, 3-month mRS data were miss-
ing for 10 patients in the tenecteplase group and 36 in the 
alteplase group (Fig. 1).

Table 1 presents the baseline characteristics of patients 
in each treatment group. Contrasting the tenecteplase and 
alteplase groups, age, sex, medical history, baseline NIHSS 
score, occlusion site, and clot burden score were equally 
distributed. Occlusions most commonly occurred at the ICA 

(37.3%) and M1 segment (36.9%). Administration of tenect-
eplase resulted in a significantly reduced time from hospital 
arrival to intravenous thrombolysis (median 33 min, IQR 
24–42 vs. alteplase median 39 min, IQR 30–49, P < 0.001) 
and time from hospital arrival to puncture (median 97 min, 
IQR 84–125 vs. alteplase median 109 min, IQR 88–141, P = 
0.039). The times from symptom onset to hospital arrival, 
from symptom onset to intravenous thrombolysis, from 
intravenous thrombolysis to puncture, and from puncture to 
recanalization were similar between the groups.

ER occurred in 37 patients (12.1%) treated with alteplase 
and 25 patients (17.1%) treated with tenecteplase (aOR, 1.45 
[95% CI 0.80–2.64]; P = 0.223) (Table 2). Subgroup analy-
sis revealed no significant differential impact on ER rates 
across various factors, including sex (Pinteraction = 0.678), age 
(Pinteraction = 0.109), NIHSS (Pinteraction = 0.546), clot burden 
score (Pinteraction = 0.469), and occlusion site (Pinteraction = 
0.908) (Table 3). According to IVT-to-puncture time (< 60 
vs. ≥ 60 min), tenecteplase and alteplase had differing effects 
on ER rates (Pinteraction = 0.034). Within 60 min of IVT-to-
puncture time, ER rates were higher with tenecteplase com-
pared to alteplase (tenecteplase: 17.2% vs. alteplase: 5.0%, 
aOR, 4.13 [95% CI, 1.24–13.74]). In contrast, there was no 
difference between the two groups when the IVT-to-punc-
ture time was more than 60 min (tenecteplase: 17.2% vs. 
alteplase: 16.8%, aOR, 0.91 [95% CI 0.43–1.91]) (Table 3). 
Multivariable adjusted restricted cubic spline analyses indi-
cated a nonlinear relationship between IVT-to-puncture time 
and ER achieved with alteplase (P = 0.004) (Fig. 2A). aORs 
increased significantly with longer IVT-to-puncture time 
until approximately 113 min (aOR per SD = 2.11, [95% CI 
1.38–3.23]). No such relationships were found in the tenect-
eplase group (P = 0.333) (Fig. 2B). The detailed ER rates for 
the two groups under different IVT-to-puncture time inter-
vals are shown in the Online Resource 1.

Thrombus migration was observed in 28 of 146 cases 
(19.1%) in the tenecteplase group and 38 of 307 cases 
(12.3%) in the alteplase group (P = 0.055). Among cases 
with thrombus migration, early recanalization rates were 
similar between groups (tenecteplase: 42.9% vs alteplase: 
42.1%, P = 0.879), while partial recanalization occurred 
more frequently in the tenecteplase group (17.9%) than in 
the alteplase group (10.5%) (P = 0.396). Detailed patterns 
of thrombus migration and their relationship to reperfusion 
status are presented in Table 4.

The post-MT recanalization rates and early clinical 
improvement rates were similar between the groups. Rates 
of PH- 2, sICH, and mortality (mRS 6) were also compara-
ble between the alteplase and tenecteplase groups (Table 2). 
After adjusting for relevant covariates, we analyzed the 
modified Rankin scale (mRS) score at 3-month. Patients 
receiving tenecteplase had a significantly higher rate of 
recovery to independent or mildly disabled function (mRS 
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0–3), with 100/136 (73.5%) patients compared to 178/271 
(65.7%) patients in the alteplase group (aOR, 1.69; [95% 
CI 1.02–2.80]; P = 0.041). Mortality rates were similar 
between the groups (10.3% vs. 16.2%, aOR, 0.59; [95% CI 
0.31–1.12]; P = 0.109). Functional independence (mRS 
0–2) at 3-month was achieved by 80/136 (57.4%) patients 
in the tenecteplase group and 148/271 (53.1%) patients in 
the alteplase group (aOR, 1.26; [95% CI 0.81–2.00]; P = 
0.301) (Table 2). Further comparison of 3-month functional 
independence between the two thrombolytic drugs was 
performed in the IVT-to-puncture time subgroups. In the 
cohort with an IVT-to-puncture time < 60 min, the incidence 
of functional independence was 50.5% with alteplase and 

60.0% with tenecteplase (aOR, 1.47; [95% CI 0.75–2.90]; 
P = 0.262). In the group with an IVT-to-puncture time ≥ 60 
min, the incidence of functional independence was 55.3% 
with alteplase and 56.5% with tenecteplase (aOR, 1.05; [95% 
CI 0.62–1.78]; P = 0.866) (Fig. 3).

Discussion

Our findings indicate that tenecteplase is significantly 
more effective than alteplase in achieving early recanaliza-
tion when the IVT-to-puncture time is under 1 h. In addi-
tion, tenecteplase also leads to a higher rate of recovery 

Fig. 1   Flow diagram of the study inclusion and exclusion. CTA​ CT angiography, DSA digital subtraction angiography, ICA internal carotid 
artery, ACA​ anterior cerebral artery, PCA posterior cerebral artery, VA vertebral artery
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to independent or mildly disabled function (mRS 0–3) at 
3 months. Furthermore, the administration of tenecteplase 
significantly reduced the time from hospital arrival to the 
initiation of thrombolysis and thrombectomy.

Our analysis of ER rates, with a median IVT-to-puncture 
time of 67 min, shows the similarity between the tenect-
eplase and alteplase groups, with ER rates of 17.1% and 
12.1%, respectively. This observation is consistent with the 
ER rates from previous studies that reported longer IVT-to-
puncture times, demonstrating rates of 19.8% versus 18.5% 
with a median evaluation time of 88 min [18], and 21% ver-
sus 18% with 93 min [13]. In the EXTEND-IA-TNK trial, 
a shorter IVT to arterial puncture time (median of 43 min) 
showed significantly higher ER rates for tenecteplase com-
pared to alteplase (22% vs. 10%) [7]. However, in the AcT 
trial, also with shorter IVT to reperfusion assessment time 

(median of 53 min), ER rates were around 10%, with no sig-
nificant differences between tenecteplase and alteplase [19]. 
Prior studies have provided inconsistent findings and did 
not stratify recanalization rates based on IVT-to-puncture 
time intervals. Our analysis suggests a trend of progressively 
decreasing disparity in recanalization rates between tenect-
eplase and alteplase as IVT-to-puncture times increased, 
until no significant difference remained.

Our analysis demonstrates a superior recanalization 
efficacy of tenecteplase when the IVT-to-puncture time is 
restricted to around 1 h. This significant difference can be 
attributed to the distinct pharmacological mechanisms of 
the two drugs. Tenecteplase has a prolonged half-life of 
20 min and reaches maximum concentration within 1 min 
following a single bolus [11, 20]. After 60 min post-IVT, 
tenecteplase has completed three half-life cycles, resulting 

Table 1   Baseline characteristics

Number of missing values: a5, b4, c8, d1, e5, f3, g55
IQR interquartile range; NIHSS National Institutes of Health Stroke Scale; mRS modified Rankin Scale; 
IVT intravenous thrombolysis

Alteplase
(n = 307)

Tenecteplase
(n = 146)

P value

Age, year; median (IQR) 68 (58–75) 69 (60–75) 0.219
Male, n (%) 203 (66.1%) 95 (65.1%) 0.825
NIHSS, median (IQR) 17 (13–20) 16 (12–20) 0.892
Medical history, n (%)
 Hypertension 227 (73.9%) 100 (68.5%) 0.226
 Hyperlipidemia 66 (21.5%) 30 (20.6%) 0.817
 Diabetes 66 (21.5%) 38 (26.0%) 0.284
 Coronary heart disease 75 (24.4%) 36 (24.7%) 0.958
 Atrial fibrillation 73 (23.8%) 36 (24.7%) 0.838
 Previous stroke 65 (21.2%) 37 (25.3%) 0.321
 Antiplatelets 63 (20.5%) 34 (24.0%) 0.404
 Current smoking 95 (30.9%) 42 (29.0%) 0.669

Site of occlusion, n (%)
 ICA 118 (38.4%) 51 (34.9%) 0.214
 M1 115 (37.5%) 52 (35.6%)
 M2 23 (7.5%) 20 (13.7%)
 BA 51 (16.6%) 23 (15.8%)

Clot burden score, n (%)
 0–4 96 (31.3%) 58 (39.7%) 0.184
 5–7 124 (40.4%) 49 (33.6%)
 8–10 87 (28.3%) 39 (26.7%)

Workflow times, min; median (IQR)
 Stroke symptom onset to hospital arrivala 120 (60–176) 120 (77–172) 0.674
 Stroke symptom onset to IVTb 155 (105–210) 152 (106–206) 0.649
 Hospital arrival to IVTc 39 (30–49) 33 (24–42) < 0.001
 Stroke symptom onset to punctured 240(175–300) 220 (180–281) 0.386
 Hospital arrival to puncturee 109 (88–141) 97 (84–125) 0.039
 Thrombolysis to puncturef 68 (49–95) 66 (50–89) 0.843
 Puncture to recanalizationg 35 (26–57) 50 (30–72) 0.005
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Table 2   Outcomes

a Assessed in patients were not recanalized before thrombectomy, 121 and 270 patients in the tenecteplase 
and alteplase groups
b Endpoint not available in 10 and 36 patients in the tenecteplase and alteplase groups, respectively
PH  parenchymal hematoma, sICH symptomatic  intracranial hemorrhage, mRS modified Rankin Scale, 
NIHSS National Institutes of Health Stroke Scale

Alteplase (n = 307) Tenecteplase (n = 146) P value

Early recanalization before MT, n (%) 37 (12.1%) 25 (17.1%) 0.223
 mTICI 0 238 (77.5%) 101 (69.1%)
 mTICI 1 24 (7.8%) 12 (8.2%)
 mTICI 2a 8 (2.6%) 8 (5.4%)
 mTICI 2b 27 (8.7%) 17 (11.6%)
 mTICI 3 10 (3.2%) 8 (5.4%)

Thrombus migration, n (%) 38 (12.3%) 28 (19.1%) 0.055
Post-MT recanalization, n (%)a 244 (90.4%) 102 (88.7%) 0.618
 mTICI 0 9 (3.3%) 2 (1.7%)
 mTICI 1 10 (3.4%) 6 (5.2%)
 mTICI 2a 7 (2.6%) 5 (4.4%)
 mTICI 2b 39 (14.4%) 18 (15.7%)
 mTICI 3 205 (75.9%) 84 (73.0%)

Early clinical improvement, n (%) 74 (24.1%) 39 (26.7%) 0.549
PH- 2, n (%) 35 (11.4%) 14 (9.6%) 0.562
sICH, n (%) 10 (3.3%) 8 (5.5%) 0.258
Functional outcome at 90 daysb

 mRS score 0–2, n (%) 144 (53.1%) 78 (57.4%) 0.301
 mRS score 0–3, n (%) 178 (65.7%) 100 (73.5%) 0.041
 mRS score 6, n (%) 44 (16.24%) 14 (10.29%) 0.106

Table 3   Effects of tenecteplase 
compared to alteplase on early 
recanalization rates in the 
prespecified subgroup

Alteplase
(n = 307)

Tenecteplase
(n = 146)

aOR (95% CI) Pinteraction

Sex
 Male 25/202 (12.4%) 15/91 (16.5%) 1.38 (0.65–2.95) 0.678
 Female 12/104 (11.5%) 10/51 (19.6%) 1.55 (0.56–4.26)

Age (years) 0.109
 < 80 36/278 (12.9%) 22/126 (17.5%) 1.26 (0.68–2.36)
 ≥ 80 1/28 (3.6%) 3/16 (18.8%) 19.50 (0.75–509.56)

NIHSS 0.546
 < 15 12/108 (11.1%) 14/57 (24.6%) 1.62 (0.61–4.34)
 ≥ 15 25/199 (12.6%) 11/89 (12.4%) 1.16 (0.49–2.77)

Clot burden score 0.469
 0–4 5/96 (5.3%) 3/56 (5.4%) 1.76 (0.26–12.01)
 5–7 16/124 (12.9%) 8/48 (16.7%) 1.23 (0.46–3.28)
 8–10 16/87 (18.4%) 14/38 (36.8%) 2.21 (0.85–5.74)

Occlusion site 0.908
 ICA 5/118 (4.2%) 2/49 (4.1%) 0.91 (0.16–5.25)
 M1 23/115 (20.0%) 15/52 (28.8%) 1.60 (0.74–3.45)
 M2 8/23 (34.8%) 7/19 (36.8%) 1.48 (0.37–5.88)
 BA 1/50 (2.0%) 1/22 (4.5%) 3.02 (0.14–65.34)

IVT-to-puncture time (min) 0.034
 < 60 min 6/121 (5.0%) 10/58 (17.2%) 4.13 (1.24–13.74)
 ≥ 60 min 31/184 (16.8%) 15/87 (17.2%) 0.91 (0.43–1.91)
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in a concentration of only 0.03 mg/kg. In contrast, alteplase 
has a short half-life of only 5 min and is rapidly metabo-
lized and cleared after a 60-min infusion [21, 22]. Conse-
quently, the therapeutic effectiveness of both thrombolytic 
agents diminishes substantially after 1 h. In the alteplase 
group, any further increase in recanalization rates observed 
1 h post-thrombolysis is likely due to spontaneous recanali-
zation rather than the direct effect of the drug [5, 6]. Con-
versely, tenecteplase has a high resistance to plasminogen 
activator inhibitor- 1 activity, which enhances its thrombo-
lytic capacity, facilitating rapid recanalization within 1 h in 
patients with the potential for spontaneous recanalization 
[23]. Therefore, an IVT-to-puncture time exceeding 1 h can 
be considered “pseudo-bridging,” which is an ineffective 

waiting period both for alteplase and tenecteplase. Timely 
bridging to endovascular treatment is to maximize the thera-
peutic efficacy of both thrombolytic agents.

In our study, we assessed the impact of occlusion location 
and clot burden on the efficacy of tenecteplase and alteplase 
in achieving recanalization for large-vessel occlusion. We 
found both tenecteplase and alteplase are generally inef-
fective in achieving recanalization in cases of ICA or basi-
lar artery occlusion and high clot burden. Conversely, for 
small vessel occlusions, the TRACE- 2 trial demonstrated 
that both drugs were effective in moderate acute ischemic 
stroke patients who did not receive mechanical thrombec-
tomy. Favorable outcomes (mRS 0–2) at 90 days was similar 
for both tenecteplase (73%) and alteplase (72%), showing no 

Fig. 2   Association of IVT-to-puncture time with pre-MT recanalization in a restricted cubic spline model. a Alteplase group; b tenecteplase 
group. aORs, solid line; 95% CI, shadows

Table 4   Thrombus migration patterns and recanalization status achieved with thrombolysis (alteplase or tenecteplase)

Alteplase Tenecteplase

Early recanali-
zation (16)

Partial reca-
nalization
(4)

No change
(18)

Early reca-
nalization
(12)

Partial reca-
nalization
(5)

No change
(11)

ICA → distal ICA 2 (11%) 1 (20%)
ICA → M1 2 (50%) 3 (17%) 1 (20%) 3 (27%)
ICA → M2 1 (6%) 1 (6%)
ICA → distal occlusion (M3 and beyond) 1 (6%) 2 (17%)
Proximal M1 → distal M1 2 (13%) 1 (9%)
M1 (proximal or distal) → M2 2 (13%) 8 (44%) 2 (17%) 2 (40%) 4 (36%)
M1 (proximal or distal) → distal occlusion 

(M3 and beyond)
7 (44%) 1 (25%) 5 (42%) 1 (20%)

M2 → distal occlusion (M3 and beyond) 3 (19%) 1 (25%) 2 (11%) 3 (25%) 1 (9%)
BA → P1 or P2 1 (6%) 1 (6%) 2 (18%)
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significant difference in efficacy [24]. However, our findings 
are limited by a small sample size, which prevented us from 
detecting a significant difference in recanalization effects 
between tenecteplase and alteplase, regardless of the occlu-
sion location and clot burden. Table 3 seems to align with 
the previous report, which indicated superior recanalization 
rates with tenecteplase in patients with occlusions in the 
middle cerebral artery and lower clot burden [25]. Further-
more, tenecteplase has been shown to have better functional 
outcomes than alteplase in a study that primarily included 
the middle cerebral artery [26]. In conclusion, the effect of 
tenecteplase and alteplase varies depending on the specific 
occlusion site and clot characteristics.

In our analysis, we observed a median door-to-needle 
time of 37 min (IQR 30–47) and a door-to-puncture time 
of 105 min (IQR 86–136), which are below the Chinese 
average [27]. Notably, treatment with tenecteplase further 
decreased the median time from hospital arrival to IVT by 
6 min and to puncture by 12 min compared to alteplase. 
The time savings may be attributed to the simpler admin-
istration method of tenecteplase, which is administrated as 
a single bolus. In contrast, alteplase, being a lyophilized 
powder, necessitates prior preparation of the solution. In 
addition, the alteplase bolus is administered only after the 
entire infusion has been prepared and is ready to be started, 
immediately following the bolus in our centers. Research 
has demonstrated that each minute advanced by thrombol-
ysis results in at least an additional day of disability-free 
life, and each minute advanced by puncture contributes to 
an additional week of disability-free life [28, 29]. Stroke 
units globally are persistently engaged in optimizing their 
care systems, thereby reducing door-to-treatment time [30, 
31]. Consequently, as healthcare systems increasingly adopt 

tenecteplase, this could reduce door-to-treatment time and 
provide an advantage in bridging MT.

In recent years, several large-sample randomized con-
trolled trials have compared the efficacy of tenecteplase and 
alteplase in AIS, demonstrating that tenecteplase is non-
inferior to alteplase [19, 24, 32, 33]. In addition, some stud-
ies have demonstrated that tenecteplase and alteplase have 
comparable recanalization rates prior to MT in patients with 
LVO [34, 35]. The advantages of tenecteplase can manifest 
in specific patient subgroups. Gerschenfeld et al. showed 
that tenecteplase is associated with better 3-month mRS 
scores and lower 3-month mortality in patients with large 
ischemic core compared with alteplase [36]. Checkouri et al. 
found that tenecteplase has a higher ER rate compared with 
alteplase in patients with larger thrombi [18]. Our study indi-
cates that tenecteplase is more effective than alteplase in 
patients with LVO regarding the rapid initiation of endovas-
cular therapy, as it is associated with a significantly higher 
recanalization rate and improved functional outcomes. 
Tenecteplase may be preferentially used for patients directly 
admitted to comprehensive stroke centers. Further research 
comparing tenecteplase with alteplase in rapid bridging 
mechanical thrombectomy for large-vessel occlusion is 
ongoing (ClinicalTrials.gov numbers, NCT06658197). 
Patients receiving tenecteplase at primary stroke centers 
or mobile stroke units without MT capabilities should be 
directly transferred to angiography suites after hospital 
arrival, bypassing conventional imaging to reduce onset-to-
reperfusion time and achieve a favorable outcome [37].

Our study has several limitations. First, it was constrained 
by a limited sample size and utilized retrospectively col-
lected data, which could potentially lead to the inclusion 
of unmeasured confounders that might affect the outcomes. 

Fig. 3   3-month modified 
Rankin scale (mRS) scores 
in tenecteplase and alteplase 
groups
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Second, we failed to measure thrombus characteristics, such 
as thrombus length and permeability. Furthermore, the rela-
tively high rate of loss to follow-up (near 10% at the 3-month 
mRS) may have weakened the value of our mRS results.

Conclusion

Tenecteplase exhibits enhanced recanalization efficacy 
in patients with large-vessel occlusion when the duration 
between intravenous thrombolysis and endovascular punc-
ture is limited to 1 h. Furthermore, it shortens the time from 
hospital arrival to starting thrombolysis and thrombec-
tomy. These findings further support the preferential use of 
tenecteplase to rapidly bridge mechanical thrombectomy in 
patients with large-vessel occlusion.
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