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Abstract
Background: Patients with mild ischemic stroke represent a substantial proportion of thrombolysis
candidates, yet the optimal thrombolytic strategy in this population remains uncertain. We compared the
efficacy and safety of tenecteplase and alteplase in patients with mild noncardioembolic acute ischemic
stroke.

Methods In this retrospective cohort study, consecutive patients with mild noncardioembolic ischemic
stroke who received intravenous thrombolysis were included. Patients were treated with either
tenecteplase or alteplase according to clinical practice. The primary outcome was favorable functional
outcome defined as a modified Rankin Scale (mRS) score of 0–1 at 90 days. Ordinal logistic regression
was used to evaluate the shift across the entire mRS distribution. Secondary outcomes included
functional independence (mRS 0–2), early neurological deterioration (END), early neurological
improvement (ENI), and symptomatic intracerebral hemorrhage (sICH).

Results Among 134 patients included in the analysis, 54 received tenecteplase and 80 received
alteplase. Favorable functional outcome (mRS 0–1) at 90 days occurred in 83.3% of patients treated with
tenecteplase and 67.5% treated with alteplase (P = 0.040). After adjustment for age, baseline NIHSS
score, and admission glucose level, the association was not statistically significant (adjusted OR 2.27;
95% CI 0.89–5.77; P = 0.086). Ordinal analysis demonstrated a significant shift toward better functional
outcomes with tenecteplase (common OR 0.216; 95% CI 0.099–0.455; P < 0.001). END occurred less
frequently with tenecteplase (14.8% vs 31.2%; P = 0.030), and ENI was more frequent with tenecteplase
(16.7% vs 0.0%; P < 0.001). sICH occurred in 6.2% of alteplase-treated patients and 0.0% of tenecteplase-
treated patients (P = 0.080).

Conclusions In patients with mild noncardioembolic acute ischemic stroke, tenecteplase was associated
with a more favorable distribution of functional outcomes and less early neurological deterioration
compared with alteplase. The higher rate of symptomatic intracranial hemorrhage with alteplase
warrants further investigation.

Introduction
Acute ischemic stroke (AIS) remains a major global health burden, causing substantial mortality and
long-term disability.1,2 I Intravenous thrombolysis (IVT) with alteplase improves outcomes in AIS,3–5 but
patients with mild neurological deficits at admission (NIHSS ≤ 5), who account for nearly half of all
cases, are often excluded from thrombolysis trials due to perceived risks. 6 However, mild stroke is not
always benign; approximately one-quarter of patients experience unfavorable functional outcomes at 90
days.6–9 Early neurological deterioration (END) is a key predictor of subsequent disability in this
population.7
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Tenecteplase (TNK), a genetically modified variant of alteplase with greater fibrin specificity and a longer
half-life, allows single-bolus administration.10 Cohort studies suggest that TNK achieves higher 24-hour
reperfusion rates, improved functional outcomes, and a lower risk of systemic bleeding compared with
alteplase.11–13 Nevertheless, most available evidence has focused on patients with large vessel
occlusion or moderate-to-severe stroke, and data regarding patients with mild non-cardioembolic stroke
remain limited.

In this study, we aimed to compare the efficacy and safety of TNK and alteplase in patients with mild
non-cardioembolic ischemic stroke, with particular attention to functional outcomes and early
neurological deterioration.

Methods

Study Design and Population
This study was a retrospective analysis of a prospectively maintained stroke registry at Zhejiang
Provincial People's Hospital (2023–2025). Consecutive patients with acute ischemic stroke were
screened for eligibility. Patients were included if they were aged > 18 years, had mild neurological deficits
defined as a National Institutes of Health Stroke Scale (NIHSS) score of 0–5 at admission [8], were
classified as having non-cardioembolic stroke according to the Trial of Org 10172 in Acute Stroke
Treatment (TOAST) criteria,14 and received intravenous thrombolysis with either alteplase or TNK within
4.5 hours of symptom onset. Exclusion criteria included transient ischemic attack or stroke mimics,
history of or newly diagnosed atrial fibrillation, and patients who underwent mechanical thrombectomy.

Patients were categorized according to the thrombolytic agent received (alteplase or TNK). The choice
of thrombolytic therapy was determined by the treating physician. Patients treated with intravenous TNK
received a single weight-based bolus of 0.25 mg/kg (maximum dose 25 mg). Patients treated with
alteplase received a standard dose of 0.9 mg/kg (maximum 90 mg), administered as an initial bolus of
10% of the total dose followed by infusion of the remaining dose over 60 minutes. 15

Outcome Definitions
The primary efficacy outcome was excellent functional outcome at 90 days, defined as a modified
Rankin Scale (mRS) score of 0–1. Secondary outcomes included favorable functional outcome at 90
days (mRS 0–2), early neurological improvement (ENI) at 24 hours (defined as a decrease of ≥ 2 points in
the NIHSS score), and early neurological deterioration (END) at 24 hours (defined as an increase of ≥ 2
points in the NIHSS score not attributable to intracranial hemorrhage).8

Safety outcomes included symptomatic intracranial hemorrhage (sICH) and any bleeding event during
hospitalization. sICH was defined as intracranial hemorrhage confirmed on head CT associated with
neurological deterioration indicated by an increase of ≥ 4 points in the NIHSS score.
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Data Collection
Demographic and clinical variables were extracted from the registry database, including age, sex,
vascular risk factors (hypertension, diabetes mellitus, hyperlipidemia, smoking status, prior stroke, and
coronary heart disease), baseline NIHSS score, blood pressure, admission blood glucose level, lipid
profile, stroke etiology according to TOAST classification, and door-to-needle time.

Statistical Analysis
Baseline characteristics and clinical outcomes were compared between the TNK and alteplase groups.
Continuous variables are presented as mean ± standard deviation (SD) for normally distributed data or
median (interquartile range [IQR]) for non-normally distributed data, while categorical variables are
expressed as counts and percentages. Between-group comparisons were performed using the Student t
test or Mann–Whitney U test for continuous variables, and the Pearson χ² test or Fisher's exact test for
categorical variables, as appropriate.

Multivariable logistic regression analysis was performed to evaluate the association between
thrombolytic treatment and excellent functional outcome at 90 days (mRS 0–1), adjusting for age,
baseline NIHSS score, and admission blood glucose level. Results were reported as odds ratios (ORs)
with 95% confidence intervals (CIs).

To assess the overall distribution of functional outcomes, ordinal logistic regression analysis
(proportional odds model) was conducted to evaluate the shift across the entire range of 90-day mRS
scores. The results were expressed as common odds ratios with corresponding 95% confidence
intervals. Prespecified subgroup analyses were performed to explore the consistency of treatment
effects on excellent functional outcome (mRS 0–1) and early neurological deterioration. Subgroup
effects were estimated using logistic regression models and presented as odds ratios with 95%
confidence intervals.

All statistical analyses were performed using SPSS Statistics (version 25.0; IBM Corp., Armonk, NY, USA)
and R software (version 4.5.0). A two-sided P value < 0.05 was considered statistically significant.

Ethics Statement
The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics
Committee of Zhejiang Provincial People's Hospital. The requirement for informed consent was waived
due to the retrospective nature of the analysis.

Results

Study Population
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A total of 134 patients with mild noncardioembolic ischemic stroke were included in the final analysis,
including 54 patients treated with TNK and 80 treated with alteplase (Fig. 1).

Baseline Characteristics
Baseline characteristics were generally well balanced between the two groups (Table 1). The mean age
was 64.4 ± 11.9 years in the TNK group and 67.8 ± 12.6 years in the alteplase group (P = 0.40), and male
patients accounted for 61% and 71%, respectively (P = 0.22). Vascular risk factors, including
hypertension, diabetes mellitus, hyperlipidemia, current smoking, and prior stroke, did not differ
significantly. Baseline systolic and diastolic blood pressures were comparable. Admission glucose levels
were significantly higher in the TNK group (10.1 ± 4.2 vs. 7.7 ± 3.3 mmol/L; P = 0.02). Triglyceride levels
were modestly higher in the TNK group (P = 0.04), whereas other lipid parameters were similar. Door-to-
needle time did not differ between groups. Stroke severity was mild and comparable at baseline, as
reflected by similar NIHSS and mRS scores. The distribution of presumed stroke etiology was also
similar between groups.
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Table 1
Characteristics of study participants.

Baseline characteristics TNK(n = 54) Alteplase(n = 80) P

Age (years) (mean (SD)) 64.4 ± 11.9 67.8 ± 12.6 0.40

Male, n (%) 33(0.61) 57(0.71) 0.22

Current smoking, n (%) 14(0.26) 29(0.36) 0.21

Hypertension, n (%) 40(0.74) 68(0.85) 0.12

Diabetes, n (%) 22(0.41) 23(0.29) 0.15

Hyperlipidemia, n (%) 16(0.30) 21 (0.26 0.67

Pre-stroke, n (%) 13(0.24) 22(0.28) 0.66

Systolic blood pressure at

treatment, median (IQR), mmHg

161.0 ± 26.3 165.1 ± 25.8 0.86

Diastolic blood at treatment,

median (IQR), mmHg

90.1 ± 20.7 90.0 ± 19.3 0.30

Blood glucose level at

treatment, median (IQR), mmol/L

10.1 ± 4.2 7.7 ± 3.3 0.02

Lp(a), mg/dL 236.5 ± 316.4 269.1 ± 275.0 0.23

LDL (mmol/l) 2.3 ± 0.8 2.6 ± 0.7 0.31

Triglycerides(mmol/l) 1.6 ± 1.3 1.4 ± 0.7 0.04

Door-to-needle (DTN),

median (IQR), min

49.2 ± 12.3 42.9 ± 23.4 0.23

mRS score at treatment,

median (IQR)

2.1 ± 1.0 2.8 ± 0.9 0.54

NIHSS score at treatment,

median (IQR)

2.8 ± 1.4 2.8 ± 1.3 0.84

Presumed stroke cause     0.84

Large artery atherosclerosis 16(0.30) 26(0.32)  

Small artery occlusion 25(0.46) 38(0.48)  

Others 13(0.24) 16(0.20)  
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Primary Outcome
At 90 days, a higher proportion of patients treated with TNK achieved excellent functional outcome (mRS
0–1) compared with those treated with alteplase (83.3% vs. 67.5%; P = 0.040) (Table 2). In multivariable
logistic regression adjusting for age, baseline NIHSS score, and admission glucose level, TNK treatment
was associated with higher odds of excellent functional outcome, although the association did not reach
statistical significance(adjusted OR 2.27; 95% CI 0.89–5.77;P = 0.086)(TableS1).

Ordinal logistic regression analysis of the entire 90-day mRS distribution demonstrated a significant shift
toward better functional outcomes in the TNK group compared with alteplase (common OR 0.216; 95%
CI 0.099–0.455; P < 0.001) (TableS1). The distribution of 90-day mRS scores is illustrated in Fig. 2.
Subgroup analysis of excellent functional outcome (mRS 0–1) is presented in Fig. 3, showing generally
consistent treatment effects.

Secondary Outcomes
The proportion of patients achieving mRS 0–2 at 90 days was significantly higher in the TNK group
(96.3% vs. 81.2%; P = 0.010). END occurred less frequently in the TNK group (14.8% vs. 31.2%; P = 0.030).
In contrast, ENI was observed more frequently in the TNK group (16.7% vs. 0.0%; P < 0.001). Subgroup
analysis of early neurological deterioration is shown in Figure S1. The protective effect of TNK on END
was more pronounced in patients with door-to-needle time ≥ 45 minutes and those with NIHSS 0–3 at
admission (both P for interaction < 0.05).

Safety Outcomes
Symptomatic intracerebral hemorrhage was observed in 5 of 80 patients (6.2%) in the alteplase group
and in 0 of 54 patients (0.0%) in the TNK group (P = 0.080). Any bleeding events were also more frequent
in the alteplase group (6.2% vs. 0.0%; P = 0.080), although this difference did not reach statistical
significance (Table 2).
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Table 2
Clinic outcomes of included patients.

Outcome TNK(n = 
54)

Alteplase(n = 
80)

P

Primary outcome      

mRS score 0–1 at 90d 45(0.83) 54(0.68) 0.04

Secondary outcomes      

mRS score 0–2 at 90 d 52(0.96) 65(0.81) 0.10

Early neurological deterioration (NIHSS score increase ≥ 2
within 24h after treatment) †

2(0.04) 11(0.13) 0.05

Early neurological improvement (NIHSS score decrease ≥ 2
within 24 h after treatment) ‡

9(0.17) 0(0.00) 0.00

Safety outcomes      

Symptomatic intracerebral hemorrhage 0(0.00) 1(0.01) 0.41

Any bleeding events 0(0.00) 5(0.63) 0.06

†Early neurological improvement was defined as a decrease in NIHSS score of 2 between baseline and
24 hours; ‡Early neurological deterioration was defined as an increase in NIHSS score of 2 between
baseline and 24 hours, but not as a result of cerebral hemorrhage.

Discussion
In this retrospective cohort study focusing on patients with mild non-cardioembolic acute ischemic
stroke, we compared clinical outcomes between TNK and alteplase following intravenous thrombolysis.
The principal finding was that TNK was associated with a significantly more favorable distribution of
functional outcomes at 90 days, as demonstrated by the adjusted ordinal shift analysis across the full
modified Rankin Scale spectrum. Although the adjusted binary logistic regression for excellent functional
outcome (mRS 0–1) did not reach statistical significance, a consistent trend toward improved functional
recovery was observed with TNK. In addition, TNK treatment was associated with a lower incidence of
early neurological deterioration (14.8% vs. 31.2%; P = 0.030) while demonstrating a lower rate of
symptomatic intracranial hemorrhage (0.0% vs. 6.2%). These findings suggest that TNK may provide
clinical benefit in patients with mild non-cardioembolic stroke without increasing hemorrhagic
complications.

A notable observation in our study was the reduced rate of END in patients treated with TNK. END is an
important determinant of poor outcomes in patients with mild stroke and may occur despite initially mild
deficits.9 In non-cardioembolic stroke, mechanisms such as progressive thrombosis, branch
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atheromatous disease, and distal embolization may contribute to neurological worsening.16–18

Therefore, therapies that promote more effective early reperfusion may help stabilize neurological
function. The reduced rate of END observed in the TNK group may partly explain the more favorable
distribution of functional outcomes in our study.

Our findings are broadly consistent with previous studies evaluating TNK in acute ischemic stroke.19

Randomized trials such as the EXTEND-IA TNK trial demonstrated improved reperfusion with TNK
compared with alteplase in patients undergoing thrombectomy,20 while the pragmatic AcT trial showed
that TNK was noninferior to alteplase in terms of functional outcomes at 90 days.15 However, evidence
in patients with mild non-cardioembolic stroke remains limited. The ARAMIS trial, which compared
alteplase with DAPT in minor nondisabling stroke, reported a higher rate of symptomatic intracranial
hemorrhage with alteplase-based thrombolysis (1.4% vs. 0.1%).8 In contrast, in our study, TNK was
associated with no symptomatic intracranial hemorrhage in this cohort, suggesting a favorable safety
profile in patients with mild non-cardioembolic stroke.

The potential advantages of TNK may be related to its pharmacological properties, including higher fibrin
specificity, greater resistance to plasminogen activator inhibitor-1, and a longer half-life, allowing
administration as a single intravenous bolus.21 These characteristics may enhance thrombus dissolution
and facilitate early microvascular reperfusion, which could be particularly relevant in mild non-
cardioembolic stroke where distal or small-vessel occlusions are common.

Our findings should be interpreted in the context of several recent studies comparing TNK and alteplase
in mild stroke. Kang et al., in a Chinese cohort of 226 patients with NIHSS ≤ 5, similarly reported superior
functional outcomes with TNK at discharge (adjusted OR 3.59) 22. However, that study assessed
outcomes at discharge rather than at 90 days and did not stratify by stroke etiology. Zhao et al. found no
significant difference in 90-day mRS 0–1 between TNK and alteplase (22.2% vs 19.3%; aOR 1.42) 23, but
their cohort included patients with cardioembolic stroke, which may explain the substantially lower
overall rate of excellent outcomes compared with our non-cardioembolic cohort. A recent US-based
study reported a higher risk of intracerebral hemorrhage with TNK in mild stroke (10.3% vs
7.4%)24.However, that study used a broader hemorrhagic endpoint (any intracranial hemorrhage) rather
than the more restrictive sICH definition employed in our analysis, included patients with cardioembolic
stroke, and has to date been published only as a conference abstract. These differences in outcome
definition, study population, and publication status may partly explain the apparent discrepancy in safety
signals between the two studies. To our knowledge, the present study is the first to focus specifically on
patients with mild non-cardioembolic stroke and to evaluate both early neurological deterioration and
early neurological improvement as key secondary endpoints in the comparison of TNK versus alteplase.

Several limitations should be acknowledged. First, this was a retrospective single-center study with a
relatively modest sample size, and residual confounding cannot be fully excluded despite multivariable
adjustment. Second, detailed imaging data regarding vessel occlusion and recanalization were not
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systematically available. Third, treatment allocation was not randomized and was determined by
physician discretion, which may introduce selection bias. Fourth, the observed sICH rate of 6.2% in the
alteplase group is notably higher than typically reported in mild stroke populations and warrants
cautious interpretation. Nevertheless, our findings provide real-world evidence suggesting that TNK may
improve functional outcome distribution and reduce early neurological deterioration without increasing
hemorrhagic complications in patients with mild noncardioembolic stroke. Larger prospective studies
and randomized trials are warranted to confirm these observations.

Conclusion
In patients with mild noncardioembolic acute ischemic stroke, TNK was associated with improved
functional outcome distribution and lower early neurological deterioration without increasing
hemorrhagic risk compared with alteplase. The higher rate of symptomatic intracranial hemorrhage
observed with alteplase in this cohort warrants further investigation.
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Figures

Figure 1

Flow chart of participants.
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Figure 2

Distribution of Functional Outcomes
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Figure 3

Subgroup analysis of favorable functional outcome at 90 days

Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

supplementarymaterial.docx

Page 15/15

https://assets-eu.researchsquare.com/files/rs-10484703/v1/da501f578c506b8c3b6394ee.docx

