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Abstract
Background: Acute minor ischemic stroke (AMIS) frequently results in significant disability despite current treatment 
options. This meta-analysis evaluated the effectiveness and safety of dual antiplatelet therapy (DAPT) compared to 
intravenous thrombolytics (IVT) in treating AMIS. Methods: PubMed, Cochrane Central, and ScienceDirect were searched till 
May 2025. Using a superiority framework, the risk ratios (RRs) along with 95% confidence intervals (CIs) were pooled under a 
random effects model using the Review Manager version 5.4.1. The quality assessment was done through the Cochrane Risk 
of Bias (RoB 2.0) and ROBINS-I tools. The primary and secondary outcomes assessed were functional (excellent and 
favourable) outcomes, symptomatic intracranial hemorrhage (sICH), recurrent ischemic strokes, all-cause mortality, and 
early neurological deterioration (END). Publication bias was evaluated via the funnel plots and Egger’s regression analysis.
Results: Six studies pooling 7,366 AMIS patients were included in the meta-analysis. DAPT significantly reduced the END 
compared to IVT (RR = 0.50; 95%CI:[0.28, 0.89]; p = 0.02). The functional outcomes, including excellent (RR = 0.97; 95%CI: 
[0.87, 1.07]; p = 0.52) and favourable (RR = 1.00; 95%CI:[0.97, 1.03]; p = 0.97) functional outcomes, were comparable between 
DAPT and IVT. Likewise, the safety endpoints including sICH (RR = 0.27; 95%CI:[0.05, 1.38]; p = 0.12), recurrent ischemic 
strokes (RR = 0.89; 95%CI:[0.59, 1.34]; p = 0.59) and all-cause mortality (RR = 0.51; 95%CI:[0.21, 1.23]; p = 0.13) showed no 
significant difference between the two groups. Conclusion: DAPT is associated with lower END rates than IVT in AMIS 
management. Both groups showed similar efficacy regarding the functional outcomes. Safety outcomes, including sICH, 
recurrent stroke, and mortality, also showed no significant difference.
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Introduction
Acute minor ischemic stroke (AMIS) comprises up to half of all ischemic strokes. The American Stroke Association (ASA) 
defines a stroke as ‘minor’ by a National Institutes of Health Stroke Scale (NIHSS) score of ≤5.1,2 However, around one-third 
of patients end up with long-term disability at 90 days due to progression or recurrent strokes.3 Currently, there are 
inconclusive guidelines and debate over the preferred therapeutic treatment strategy for patients, particularly those who 
present within the thrombolytic time window (≤4.5 hours of symptom onset).4,5

Intravenous thrombolysis (IVT) is a key acute management technique for acute ischemic stroke (AIS); it produces early 
arterial recanalization and allows reperfusion to take place, avoiding infarction.6 According to current guidelines, it is 
recommended for eligible patients with presenting symptoms within 4.5 hours of onset7,8 and many meta-analyses have 
assessed their efficacy and safety.9,10 However, timely administration is still a challenge clinically due to a lack of recognition 
of symptoms, leading to the optimal time window being missed, limiting IVT’s potential benefits11,12 although there is 
ongoing research to assess the IVT beyond the therapeutic window of 4.5 hours.13-15 Also, many trials exclude low NIHSS 
score patients, leading to a knowledge gap and poor understanding of the efficacy and safety of IVT in the treatment of mild 
neurological defects.16,17 Additionally, variability in trial results regarding IVT efficacy compared to antiplatelet therapy 
leads to uncertainty in deciding management.3,5

Another treatment option that has shown great benefit is dual antiplatelet therapy (DAPT), with aspirin and clopidogrel. 
Trials such as CHANCE and POINT have demonstrated that it can reduce stroke recurrence in patients with minor stroke or 
high-risk transient ischemic attack (TIA).18,19 Guidelines recommend patients starting DAPT within 24 hours of symptom 
onset, with early therapy shown to prevent further vascular events and superior effects on functional outcomes compared with 
monotherapy.7,20,21

Due to inconsistencies in current evidence and a lack of consensus regarding optimal treatment strategy, a systematic 
comparison of DAPT and IVT is needed to inform clinical decision-making. This meta-analysis aims to determine whether 
DAPT offers better efficacy and safety than IVT in treating patients with AMIS. We reviewed current evidence to assess 
outcomes, including primary efficacy outcomes (excellent and favourable functional outcomes), the primary safety outcome 
of symptomatic intracranial hemorrhage (sICH), and secondary outcomes such as recurrent ischemic attacks, early 
neurological deterioration (END), and all-cause mortality.

Methods
Protocol and Reporting Standards

This meta-analysis was conducted in accordance with the Cochrane Handbook for Systematic Reviews of Interventions22 and 
adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.23 The protocol 
of this review was registered on PROSPERO under the ID: CRD420251116251.

Search Strategy and Data Sources

We conducted a comprehensive electronic search in PubMed, Cochrane Central, and ScienceDirect till May 2025. The search 
strategy included these terms: “minor stroke,” “acute minor ischemic stroke,” “mild stroke,” “intravenous thrombolysis,” 
“dual antiplatelet therapy,” “aspirin,” “clopidogrel,” and “DAPT.” No language restrictions were applied.

Manual screening of references from included studies and prior meta-analyses was also performed to identify additional 
relevant studies. The complete search strategies used in different electronic databases are provided in Supplemental Table 1.

Eligibility Criteria and Study Selection

Eligible studies included those involving adult patients (≥18 years) with AMIS, defined by an NIHSS score of ≤5. The 
interventions considered were IVT and early DAPT, typically aspirin plus clopidogrel. “Early DAPT” was defined as DAPT 
started within 24 hours of symptom onset. Although all studies included in this meta-analysis met this criterion, the onset-to- 
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treatment (OTT) window varied. Three studies used an OTT window of ≤4.5 hours, while the other three extended the OTT 
window up to 24 hours. The study types included randomized controlled trials (RCTs), cohort studies, or non-randomized 
observational studies that directly compared IVT and DAPT. Studies were included if they reported any of the assessed 
outcomes.

All search results were imported into EndNote software for screening. Two reviewers (F.S. and M.R.S.) independently 
screened titles and abstracts for relevance. Full texts of potentially eligible studies were reviewed for inclusion. Discrepancies 
were resolved by a senior author (M.H.W.). The study selection process is detailed in the PRISMA flow diagram (Figure 1).

Data Extraction and Endpoint Definitions

Two reviewers (T.R. and A.A.) independently extracted study data using a pre-designed standardized Excel sheet. The 
baseline variables extracted were first author name, publication year, study design, location, AMIS definitions, stroke 
localization, IVT agent, sample size, mean age, sex distribution, baseline NIHSS score, stroke OTT window, and history of 
previous stroke.

The outcomes extracted were excellent functional outcome at 3 months, sICH, favourable functional outcome at 3 months, 
recurrent ischemic stroke at 3 months, all-cause mortality at 3 months, and END. The excellent functional outcome is defined 
as the modified Rankin Scale (mRS) score of 0-1, whereas the good functional outcome is defined as the mRS score of 0-2.

Quality Assessment

This meta-analysis included five non-randomized observational studies and one RCT. The non-randomized observational 
studies were evaluated using the ROBINS-I (Risk Of Bias In Non-randomized Studies of Interventions) tool.24 The 
ROBINS-I tool evaluated observational studies for various biases, including confounding bias, classification bias of 
interventions, bias in participant selection, bias from deviations in the intended intervention, bias due to missing data, bias in 
outcome measurement, and bias in the selection of reported results. The RCT was assessed with the Cochrane Collaboration’s 
Risk of Bias tool, version 2.0 (RoB 2.0).25 The RoB 2.0 tool evaluated the RCT across five domains: bias in the randomization 
process, deviations from intended interventions, missing outcome data, outcome measurement, and the selection of reported 
results. The traffic light plots for both the Cochrane ROBINS-I and RoB 2.0 tools are shown in Figure 2.

Figure 1. PRISMA flowchart of the study selection process
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Statistical Analysis

Meta-analysis was conducted using Review Manager (RevMan version 5.4.1). Pooled risk ratios (RRs) with 95% confidence 
intervals (CIs) were calculated using a random-effects model. Heterogeneity was assessed using the Cochrane Q test and 
Higgins I2 statistics,26 with I2 >50% indicating moderate to high heterogeneity. When heterogeneity was more than 50%, a 
leave-one-out sensitivity analysis was performed to explore the source of heterogeneity. Subgroup analysis was performed 
according to the study design (observational studies or RCTs), the NIHSS score cutoff used to define AMIS (≤5 or ≤3), and 
the time from stroke symptom onset to DAPT treatment window (≤4 hours or ≤24 hours). Publication bias was assessed 
visually via the funnel plots and confirmed statistically by the Egger’s regression test performed using the Comprehensive 
Meta Analysis software version 3.0.

Results
Initially, the literature search retrieved 608 articles. After removal of duplicates (n=133), 475 unique articles remained. After 
screening the titles and abstracts, 389 articles were excluded, leaving 86 studies for full-text screening against the eligibility 
criteria. Ultimately, six studies12,27-31 were included in this meta-analysis. The study selection process is detailed in Figure 1.

Study Characteristics

This meta-analysis included six studies12,27-31 (one RCT and five cohort studies), thus most of the evidence compiled is 
derived from the observational cohort studies. Across six studies, five12,27-29,31 from China and one30 from Austria, published 

Figure 2. Traffic plots for (A) ROBINS-I tool (B) RoB 2.0 tool
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between 2020 and 2024, 7,366 patients with AMIS were analyzed. All the studies used a cutoff of NIHSS ≤5 to define the 
AMIS, except two,12,30 which used NIHSS ≤3. The mean age ranged from 61 to 71 years. Median baseline NIHSS clustered 
at 2–3, and almost all patients were treated within 4.5 h of onset, except for the three studies which extended the DAPT 
window to 24.12,29,30 Alteplase at 0.9 mg/kg was administered as the IVT agent in all included studies, while the aspirin and 
clopidogrel combination was used as DAPT. Only two of the included studies involved patients with large vessel 
occlusion28,31 and reported data on both disabling and non-disabling strokes, while Chen et al27 only provided data on non- 
disabling strokes; other studies did not report this parameter. The patients with prestroke mRS 0-1 score ranged from 10.5% to 
100%. The incidence of the previous stroke ranged from 14.4% to 23.4%. The DAPT group exhibited a higher prevalence of 
previous strokes (Duan 2023: 23.4% compared to 17.5%; Sykora 2023: 22.4% versus 16.1%) and consisted of slightly older 
patients in the largest cohort (Sykora 2023: 71 versus 68 years). This may introduce bias, favoring the IVT 
group. Additionally, most included studies show that the IVT group has a greater proportion of patients with prestroke mRS 
scores of 0-1, which could further bias the results in favor of IVT. The baseline characteristics for the included studies are 
summarized in Table 1.

Bias Assessment

Among the six included studies, five were non-randomized and assessed using the ROBINS-I tool, while one RCT was 
evaluated using the Cochrane RoB 2.0 tool. Duan et al. 2023, Lan et al. 2020, and Sykora et al. 2023 were judged to have low 
risk of bias across all domains.28-30 Wang 2020 and Wang 2024 exhibited a moderate risk of bias,12,31 mainly in the domain of 
“bias due to missing data” (D5). The only randomized trial, Chen 2023,27 generally had a low risk of bias across most 
domains, but there were some concerns overall, particularly regarding “bias due to deviations from the intended intervention” 
(D2). While the overall methodological quality is acceptable, the moderate risk of bias from missing data and deviations from 
the intended intervention may contribute to the heterogeneity seen in the pooled estimates.

Outcomes

A detailed summary of the meta-analysis is provided in Table 2.

Excellent Functional Outcome

The outcome was reported by six studies with a total of 5,147 patients (DAPT 3,103 vs IVT 2,044). The DAPT and IVT 
groups did not show any significant difference regarding excellent functional outcome (RR 0.97; 95%CI: 0.87, 1.07; p = 
0.52). The heterogeneity was found to be high (I2 = 94%) (Figure 3).

Symptomatic Intracranial Hemorrhage

The outcome of sICH was reported by 5 studies with 6,390 patients (3,854 DAPT vs 2,536 IVT). The analysis showed that the 
two groups were comparable regarding sICH (RR 0.27; 95%CI: 0.05-1.38; p= 0.12). A high heterogeneity was detected (I2 = 
72%) (Figure 4).

Favourable Functional Outcome

Four studies reported this outcome with 2,505 patients in these studies (1,418 DAPT vs 1,087 IVT). The analysis showed no 
significant difference between the two groups regarding favourable functional outcome (RR 1.00; 95%CI: 0.97-1.03; p = 
0.97; I2 = 49%) (Figure 5).

Recurrent Ischemic Stroke

This outcome was reported by three studies with 2,227 patients (1,375 DAPT vs 852 IVT). The two groups were comparable 
with a pooled effect of (RR 0.89; 95%CI: 0.59-1.34; p= 0.59, I2= 0%) (Figure 6).
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Table 2. Summary of Meta-Analysis

Endpoint Studies Sample size Effect 
size 
(RR)

95% CI P Value Heterogeneity

Overall DAPT IVT Lower 
limit

Upper 
limit

Tau2 Chi2 df I2 

(%)

Excellent Functional Outcome
Core Analysis

6 5,147 3,103 2,044 0.97 0.87 1.07 0.52 0.02 80.24 5 94
Subgroup Analysis
Observational 

Studies
5 4,428 2,734 1,694 0.95 0.83 1.09 0.49 0.02 77.38 4 95

RCTs 1 719 369 350 1.03 0.98 1.07 0.23 - - - -
NIHSS ≤ 5 4 2,938 1,737 1,201 1.02 0.97 1.08 0.42 0 10.67 3 72
NIHSS ≤ 3 2 2,209 1,366 843 0.82 0.46 1.45 0.49 0.17 66.34 1 98
OTT ≤4.5 hr 3 2,710 1,618 1,092 1.00 0.96 1.04 0.93 0 4.02 2 50
OTT ≤24 hr 3 2,437 1,485 952 0.92 0.65 1.31 0.65 0.09 76.76 2 97
Symptomatic Intracranial Hemorrhage
Core Analysis

5 6,390 3,854 2,536 0.27 0.05 1.38 0.12 1.91 10.78 3 72
Subgroup Analysis
Observational 

Studies
4 5,667 3483 2184 0.25 0.03 2.14 0.21 2.80 10.78 2 81

RCTs 1 723 371 352 0.32 0.03 3.03 0.32 - - - -
NIHSS ≤ 5 3 1,977 1,014 963 0.90 0.24 3.36 0.88 0.22 1.26 1 20
NIHSS ≤ 3 2 4,413 2,840 1,573 0.08 0.03 0.26 <0.0001 0 0.03 1 0
OTT ≤4.5 hr 2 1,749 905 844 0.90 0.24 3.36 0.88 0.22 1.26 1 20
OTT ≤24 hr 3 4,641 2,949 1,692 0.08 0.03 0.26 <0.0001 0 0.03 1 0
Favourable Functional Outcome
Core Analysis

4 2,505 1,418 1,087 1.00 0.97 1.03 0.97 0 5.85 3 49
Subgroup Analysis
Observational 

Studies
3 1,786 1,049 737 1.00 0.96 1.04 0.98 0 5.42 2 63

RCTs 1 719 369 350 1.01 0.97 1.04 0.74 - - - -
NIHSS ≤ 5 3 1,912 1203 709 1.01 0.97 1.04 0.66 0 4.52 2 56
NIHSS ≤ 3 1 593 215 378 0.97 0.93 1.02 0.26 - - - -
OTT ≤4.5 hr 2 1,684 1084 600 1.00 0.97 1.02 0.69 0 0.93 1 0
OTT ≤24 hr 2 821 334 487 1.01 0.93 1.10 0.74 0 4.82 1 79
Recurrent Ischemic Stroke
Core Analysis

3 2,227 1,375 852 0.89 0.59 1.34 0.59 0 1.66 2 0
Subgroup Analysis
Observational 

Studies
3 2,227 1,375 852 0.89 0.59 1.34 0.59 0 1.66 2 0

RCTs - - - - - - - - - - - -
NIHSS ≤ 5 - - - - - - - - - - - -
NIHSS ≤ 3 - - - - - - - - - - - -
OTT ≤4.5 hr 2 1,999 1,256 743 0.94 0.62 1.42 0.77 0 0.09 1 0
OTT ≤24 hr 1 228 119 109 0.23 0.03 2.02 0.18 - - - -
All-cause Mortality
Core Analysis

4 3,313 1,840 1,473 0.51 0.21 1.23 0.13 0 1.93 3 0
Subgroup Analysis
Observational 

Studies
3 2,592 1,471 1,121 0.47 0.17 1.30 0.15 0 1.874 2 0

RCTs 1 721 369 352 0.64 0.11 3.78 0.62 - - - -
NIHSS ≤ 5 3 2,720 1,625 1,095 0.53 0.21 1.32 0.17 0 1.88 2 0
NIHSS ≤ 3 1 593 215 378 0.35 0.02 7.28 0.50 - - - -
OTT ≤4.5 hr 3 2,720 1,625 1,095 0.53 0.21 1.32 0.17 0 1.88 2 0

(continued)
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All-Cause Mortality

This outcome was reported by four studies, with 3,313 patients in these studies (1,840 DAPT vs 1,473 IVT). The analysis 
showed no significant differences among the two groups with a pooled effect size of (RR: 0.51; 95%CI: 0.21-1.23; p = 0.13; 
I2 = 0%) (Figure 7).

Early Neurologic Deterioration

This endpoint was reported by three studies with 5,565 patients (3,528 DAPT vs 2,037 IVT). The analysis showed a 
statistically significant decrease in END in the DAPT group with a pooled effect size of (RR 0.50; 95%CI: 0.28-0.89; p = 
0.02). The heterogeneity observed was high (I2 = 77%) (Figure 8).

Subgroup Analysis

Subgroup analysis was conducted based on the study design (observational studies or RCTs), the cutoff of NIHSS score used 
to define the AMIS (≤5 or ≤3), and the OTT window for DAPT (≤4.5 hours or ≤24 hours).

On subgrouping according to study design, the results of the individual subgroups remained consistent with overall pooled 
results (Figures 3-5A and 7A), except the results of END became insignificant (p = 0.13) in the observational studies 
subgroup (Figure 8A).

In subgroup analysis based on the NIHSS score cutoff used to define the AMIS, the results for individual subgroups 
generally remained consistent with the overall pooled results (Figures 3B,5B, and 7B), except that the sICH became 
significantly decreased in the DAPT arm when the NIHSS score of ≤ 3 was taken to define AMIS (Figure 4B). Similarly, the 
decrease in the END in the DAPT arm remained significant only when the NIHSS benchmark to define AMIS was taken ≤ 3, 
whereas it became insignificant for the benchmark of ≤5 (Figure 8B).

On subgrouping according to the time window of initiating DAPT from the onset of stroke symptoms, the results remained 
consistent with the overall results across all endpoints (Figures 3Cand 5-7C), except that the sICH became significantly decreased 
in the DAPT arm when the OTT was ≤24 hours (Figure 4C). Similarly, the decrease in the END in the DAPT arm remained 
significant only when the OTT was ≤24 hours, whereas it became insignificant when the OTT was ≤4.5 hours (Figure 8C).

However, it is important to note that the results of most subgroup analyses are based on small numbers of studies, so they 
should be interpreted with caution rather than considered conclusive.

Sensitivity Analysis

A leave-one-out sensitivity analysis was conducted to explore sources of heterogeneity in outcomes with substantial 
inconsistency. For excellent functional outcome, the heterogeneity significantly decreased from 94% to 73% upon exclusion 

Table 2. (continued)

Endpoint Studies Sample size Effect 
size 
(RR)

95% CI P Value Heterogeneity

Overall DAPT IVT Lower 
limit

Upper 
limit

Tau2 Chi2 df I2 

(%)

OTT ≤24 hr 1 593 215 378 0.35 0.02 7.28 0.50 - - - -
Early Neurological Deterioration
Core Analysis

3 5,565 3,528 2,037 0.50 0.28 0.89 0.02 0.20 8.84 2 77
Subgroup Analysis
Observational 

Studies
2 4,846 3,159 1,687 0.50 0.20 1.24 0.13 0.39 8.84 1 89

RCTs 1 719 369 350 0.50 0.29 0.89 0.02 - - - -
NIHSS ≤ 5 2 1,745 903 842 0.66 0.43 1.01 0.06 0.03 1.53 1 35
NIHSS ≤ 3 1 3,820 2,625 1,195 0.31 0.20 0.48 <0.00001 - - - -
OTT ≤4.5 hr 2 1,745 903 842 0.66 0.43 1.01 0.06 0.03 1.53 1 35
OTT ≤24 hr 1 3,820 2,625 1,195 0.31 0.20 0.48 <0.00001 - - - -

Note. RCT: Randomized controlled trial; NIHSS: National Institute of Health Stroke Scale; OTT: Onset to treatment time; DAPT: Dual antiplatelet 
therapy; IVT: Intravenous thrombolysis; RR: Risk ratio; CI: Confidence interval; df: Degree of freedom
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Figure 3. Excellent functional outcome (A) subgroup analysis based on the study design (B) subgroup analysis based on the 
National Institute of Health Stroke Scale (NIHSS) cutoff defining the AMIS (C) subgroup analysis based on the onset to treatment 
time (OTT) window for delivering Dual antiplatelet therapy (DAPT)
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Figure 4. Symptomatic intracranial hemorrhage (A) subgroup analysis based on the study design (B) subgroup analysis based on 
the National Institute of Health Stroke Scale (NIHSS) cutoff defining the AMIS (C) subgroup analysis based on the onset to 
treatment time (OTT) window for delivering Dual antiplatelet therapy (DAPT)
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Figure 5. Favourable functional outcome (A) subgroup analysis based on the study design (B) subgroup analysis based on the 
National Institute of Health Stroke Scale (NIHSS) cutoff defining the AMIS (C) subgroup analysis based on the onset to treatment 
time (OTT) window for delivering Dual antiplatelet therapy (DAPT)
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of Wang et al. (2020)12 (Supplemental Figure 1). In the case of sICH, heterogeneity dropped from 72% to 0% after the 
removal of Wang et al. (2024)31 (Supplemental Figure 2). Similarly, for END, heterogeneity was reduced from 77% to 35% 
after omitting Sykora et al. (2023)30 (Supplemental Figure 3).

Publication Bias

Publication bias was assessed through visual inspection of funnel plots for each outcome. The distribution of studies appeared 
symmetrical around the pooled effect estimates, with no substantial asymmetry observed. This suggests a low likelihood of 
publication bias influencing the results. While funnel plots are a qualitative method, the consistent symmetry across all 
analyzed outcomes reinforces the robustness of the findings. This was further confirmed by performing Egger’s regression 
test (Supplemental Figures 4–14) except for the recurrent ischemic stroke endpoint, for which the Egger’s regression test 
showed significant (Intercept = -1.71; p = 0.03) publication bias (Supplemental Figure 15). However, it must be noted that 
these publication bias assessment tests are inherently underpowered due to the small number of studies (n = 6) included in this 
meta-analysis. Therefore, the results of these tests should be interpreted cautiously, especially regarding the recurrent 
ischemic stroke endpoint.

Discussion
This meta-analysis examined the clinical outcomes of AMIS treated with IVT or DAPT. Mainly based on observational data, 
our results suggest that DAPT is comparable to IVT in achieving functional outcomes (both excellent and favorable) at 
3 months, as well as regarding the rates of sICH, all-cause mortality, and recurrent ischemic stroke. Although DAPT was 
linked to a lower incidence of END, these findings are primarily from observational studies and are subject to potential 
confounding. Consequently, these results should be viewed as hypothesis-generating rather than conclusive.

Figure 6. Recurrent ischemic stroke (A) core analysis forest plot (B) subgroup analysis based on the onset to treatment time (OTT) 
window for delivering Dual antiplatelet therapy (DAPT)
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While Abbas et al. (2024)32 reported a significant reduction in sICH with DAPT, our analysis did not find a significant 
difference. This is likely due to our larger and more recent dataset, offering a more statistically robust and cautious estimate of 
bleeding risk. Furthermore, our study builds on Abbas et al.’s32 work by showing DAPT’s benefits against END and 
examining additional outcomes, such as recurrent ischemic stroke risk, offering a more comprehensive safety profile. We also 
performed detailed subgroup analyses based on the NIHSS score cutoff for defining the AMIS (≤5 or ≤3) and the OTT 
window for DAPT (≤4.5 hours or ≤24 hours), which Abbas et al32 did not include.

Figure 7. All-cause mortality (A) subgroup analysis based on the study design (B) subgroup analysis based on the National Institute 
of Health Stroke Scale (NIHSS) cutoff defining the AMIS (C) subgroup analysis based on the onset to treatment time (OTT) window 
for delivering Dual antiplatelet therapy (DAPT)
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The PRISMS trial was the first study to compare IVT with a single antiplatelet therapy (SAPT); however, its results were 
not conclusive (5). The efficacy of IVT has been shown in multiple non-randomized studies, such as Sykora et al (2023) and 
You et al (2018).30,33 But there is limited data regarding its efficacy as compared to DAPT. In contrast to this, DAPT has 
shown promising results for treating AMIS, especially concerning the prevention of further ischemic events.21 The POINT 
trial reported that DAPT has also shown superiority to SAPT in this regard. However, it has a higher risk of hemorrhage as 
compared to SAPT.19 Therefore, there is a comprehensive need to compare IVT versus DAPT in terms of efficacy in 
treating AMIS.

Figure 8. Early neurological deterioration (A) subgroup analysis based on the study design (B) subgroup analysis based on the 
National Institute of Health Stroke Scale (NIHSS) cutoff defining the AMIS (C) subgroup analysis based on the onset to treatment 
time (OTT) window for delivering Dual antiplatelet therapy (DAPT)
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Our study showed that IVT was not superior to DAPT in patients with AMIS, especially in terms of excellent and 
favourable functional outcomes at 3 months. Moreover, our results also showed that the incidence of recurrent ischemic 
stroke was similar across both groups in 3 months. These findings are consistent with a meta-analysis by Qin et al., which 
reported similar results, stating the non-superiority of IVT to DAPT.17 These results could be attributed to the fact that IVT 
has a relatively short half-life with rapid clearance from circulation. This limits its ability for sustained antithrombotic effect 
and allows possible thrombus progression/reoccurrence.27

DAPT was associated with a lower incidence of END as compared to IVT. Similar results have been reported in other 
studies as well.12,17 This occurs because IVT offers only a short-term benefit secondary to its half-life of only a couple of 
minutes. This leaves the thrombus vulnerable to progression or recurrence.34

In terms of safety profile, although the results were insignificant, the risk of a sICH was far lower in DAPT than in IVT. This 
is because sICH is a known side effect of IVT due to its fibrinolytic mechanism.35 These results are in coherence with the 
literature published online as well.12,30 However, our pooled results on sICH conflict with Qin et al.'s findings,17 which 
indicated a significant reduction in sICH incidence in the DAPT group. The DAPT group had almost half the mortality as 
compared to the IVT group; however, it was non-significant. Similar results were also reported by Wang et al31 and Qin et al.17

Our study has some limitations as well. Our meta-analysis has a fair share of observational studies, contributing to 
selection bias. The etiology of strokes was not reported in some studies. Although we defined “early DAPT” as starting DAPT 
within 24 hours of symptom onset, variations in the OTT window across included studies (≤4.5 hours and ≤24 hours) may 
contribute to heterogeneity. Similarly, there was heterogeneity in the NIHSS score cutoff defining the AMIS. Additionally, 
five of the six included studies were conducted in China, which could limit the generalizability and applicability of our 
findings to other regions. Since most included studies are observational, treatment allocation in these studies was likely 
influenced by the physician’s preferences and baseline stroke severity rather than random assignment, which may introduce 
residual confounding. We assessed only the use of alteplase as IVT; the efficacy of tenecteplase, reteplase, and other 
thrombolytic agents remained to be explored.

Conclusion
DAPT is linked to lower END rates compared to IVT in managing AMIS. The efficacy outcomes, such as excellent and 
favourable functional outcomes at 3 months, were similar across both groups. Likewise, safety outcomes, including sICH, 
recurrent ischemic stroke, and all-cause mortality at 3 months, showed no significant differences between the DAPT and IVT 
groups. These findings should be viewed with caution, and there is a need for large sample size RCTs to confirm them.

ORCID iDs
Muhammad Hassan Waseem https://orcid.org/0009-0002-4521-3256
Pawan Kumar Thada https://orcid.org/0000-0002-2085-8739

Author Contributions
Study concept and design: MHW and ZUA; acquisition of data: ZUA, FS, and MRS; analysis and interpretation of data: ZUA, MO, and AA; 
drafting of the manuscript: TR, MWA, RA, ZF and PKT; critical revision of the manuscript: MHW and AAD.

Funding
The authors received no financial support for the research, authorship, and/or publication of this article.

Declaration of Conflicting Interests
The authors declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.

Data Availability Statement
Data can be obtained by reasonable request directed to the authors.

Supplemental Material
Supplemental material for this article is available online.

Waseem et al. 15 

https://orcid.org/0009-0002-4521-3256
https://orcid.org/0009-0002-4521-3256
https://orcid.org/0000-0002-2085-8739
https://orcid.org/0000-0002-2085-8739


References
1. Xiong Y, Gu H, Zhao XQ, et al. Clinical Characteristics and In-Hospital Outcomes of Varying Definitions of Minor Stroke: From a 

Large-Scale Nation-Wide Longitudinal Registry. Stroke. 2021;52:1253-1258.
2. Slawski D, Heit JJ. Treatment Challenges in Acute Minor Ischemic Stroke. Front Neurol. 2021;12:723637.
3. Khatri P, Conaway MR, Johnston KC, Acute Stroke Accurate Prediction Study ASAP Investigators. Ninety-day outcome rates of a 

prospective cohort of consecutive patients with mild ischemic stroke. Stroke. 2012;43:560-562.
4. Demaerschalk BM, Kleindorfer DO, Adeoye OM, et al. Scientific Rationale for the Inclusion and Exclusion Criteria for Intravenous 

Alteplase in Acute Ischemic Stroke A Statement for Healthcare Professionals from the American Heart Association/American Stroke 
Association. Stroke. 2016;47:581-641.

5. Khatri P, Kleindorfer DO, Devlin T, et al. Effect of Alteplase vs Aspirin on Functional Outcome for Patients With Acute Ischemic 
Stroke and Minor Nondisabling Neurologic Deficits: The PRISMS Randomized Clinical Trial. JAMA. 2018;320:156-166.

6. Turc G, Isabel C, Calvet D. Intravenous thrombolysis for acute ischemic stroke. Diagn Interv Imaging. 2014;95:1129-1133.
7. Powers WJ, Rabinstein AA, Ackerson T, et al. Guidelines for the early management of patients with acute ischemic stroke: 

2019 update to the 2018 guidelines for the early management of acute ischemic stroke a guideline for healthcare professionals from the 
American Heart Association/American Stroke Association. Stroke. 2019;50:E344-E418.

8. Berge E, Whiteley W, Audebert H, et al. European Stroke Organisation (ESO) guidelines on intravenous thrombolysis for acute 
ischaemic stroke. Eur Stroke J. 2021;6:I-LXII.

9. Waseem MH, Abideen Z, Shoaib A, et al. Head-to-Head: Recombinant Human Prourokinase Versus Intravenous Thrombolytics in 
Acute Ischemic Stroke Within 4.5 Hours–A Systematic Review and Network. Clinical and Applied Thrombosis/Hemostasis, 
2025•journals.sagepub.com. 2025;31.

10. Waseem MH, Abideen Z, Khan MH, et al. Comparative Efficacy and Safety of Different Tenecteplase Doses With Alteplase in Acute 
Ischemic Stroke: A Systematic Review With Pairwise and Network Meta. Brain and Behavior. 2025;15: 2025•Wiley Online Library.

11. Wolters FJ, Li L, Gutnikov SA, Mehta Z, Rothwell PM. Medical Attention Seeking After Transient Ischemic Attack and Minor Stroke 
Before and After the UK Face, Arm, Speech, Time (FAST) Public Education Campaign: Results From the Oxford Vascular Study. 
JAMA Neurol. 2018;75:1225-1233.

12. Wang P, Zhou M, Pan Y, et al. Comparison of outcome of patients with acute minor ischaemic stroke treated with intravenous t-PA, 
DAPT or aspirin. Stroke Vasc Neurol. 2021;6:187-193.

13. Günkan A, Ferreira MY, Vilardo M, et al. Thrombolysis for Ischemic Stroke Beyond the 4.5-Hour Window: A Meta-Analysis of 
Randomized Clinical Trials. Stroke. 2025;56:580-590.

14. Luo JX, Qiao LZ, Zhen MZ, et al. Thrombolysis for ischemic stroke at 4.5 to 24 hours: An updated meta-analysis of randomized 
controlled trials. Journal of Stroke and Cerebrovascular Diseases. 2025;34:108408.

15. Waseem MH, Abideen Z, Ghori D, et al. Efficacy and Safety of Intravenous Thrombolytics in Ischemic Stroke Beyond the 4.5-Hour 
Time Window: A Systematic Review and Meta-Analysis. Clinical and Applied Thrombosis/Hemostasis. 2026;32: 
10760296251414133.

16. Lees KR, Emberson J, Blackwell L, et al. Effects of Alteplase for Acute Stroke on the Distribution of Functional Outcomes: A Pooled 
Analysis of 9 Trials. Stroke. 2016;47:2373-2379.

17. Qin B, Fu L, Qin H, et al. Intravenous thrombolysis versus dual antiplatelet therapy for patients with acute minor ischaemic stroke: a 
systematic review and meta-analysis. Front Pharmacol. 2024;15:1377475.

18. Wang Y, Wang Y, Zhao X, et al. Clopidogrel with Aspirin in Acute Minor Stroke or Transient Ischemic Attack. New England Journal 
of Medicine. 2013;369:11-19.

19. Johnston SC, Easton JD, Farrant M, et al. Clopidogrel and Aspirin in Acute Ischemic Stroke and High-Risk TIA. New England Journal 
of Medicine. 2018;379:215-225.

20. Prasad K, Siemieniuk R, Hao Q, et al. Dual antiplatelet therapy with aspirin and clopidogrel for acute high risk transient ischaemic 
attack and minor ischaemic stroke: A clinical practice guideline. The BMJ. 2018;363:k5130.

21. Amarenco P, Denison H, Evans SR, et al. Ticagrelor Added to Aspirin in Acute Ischemic Stroke or Transient Ischemic Attack in 
Prevention of Disabling Stroke: A Randomized Clinical Trial. JAMA Neurol. 2021;78:177-185.

22. Higgins JPT, Thomas J, Chandler J, et al. Cochrane handbook for systematic reviews of interventions. In: Cochrane Handbook for 
Systematic Reviews of Interventions. Chichester (UK): John Wiley & Sons; 2019:1-694.

23. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 
2021;372:n71.

24. Sterne JA, Hernán MA, Reeves BC, et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of interventions. BMJ. 
2016;355:i4919.

25. Sterne JAC, Savović J, Page MJ, et al. RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ. 2019;366:l4898.
26. Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ. 2003;327:557-560.

16 Clinical and Applied Thrombosis/Hemostasis 32 



27. Chen HS, Cui Y, Zhou ZH, et al. Dual Antiplatelet Therapy vs Alteplase for Patients with Minor Nondisabling Acute Ischemic Stroke: 
The ARAMIS Randomized Clinical Trial. JAMA. 2023;329:2135-2144.

28. Duan C, Xiong Y, Gu H, et al. Intravenous thrombolysis versus antiplatelet therapy in minor stroke patients with large vessel 
occlusion. CNS Neurosci Ther. 2023;29:1615-1623.

29. Lan L, Rong X, Shen Q, et al. Effect of alteplase versus aspirin plus clopidogrel in acute minor stroke. International Journal of 
Neuroscience. 2020;130:857-864.

30. Sykora M, Krebs S, Miksova D, et al. IV Thrombolysis vs Early Dual Antiplatelet Therapy in Patients With Mild Noncardioembolic 
Ischemic Stroke. Neurology. 2023;101:E933-E939.

31. Wang D, Wen Q, Liu K, et al. Intravenous thrombolysis versus dual antiplatelet therapy in minor ischemic stroke within the 
thrombolytic window (TAMIS): a multicenter cohort study. J Thromb Thrombolysis. 2024;57:1172-1182.

32. Abbas A, Hamad AA, El Din Moawad MH, et al. Dual antiplatelet therapy versus intravenous tissue plasminogen activator with acute 
minor ischemic stroke: A systematic review and meta-analysis of safety and efficacy. Journal of Stroke and Cerebrovascular 
Diseases. 2024;33:107704.

33. You S, Saxena A, Wang X, et al. Efficacy and safety of intravenous recombinant tissue plasminogen activator in mild ischaemic 
stroke: a meta-analysis. Stroke Vasc Neurol. 2018;3:22-27.

34. Vynckier J, Maamari B, Grunder L, et al. Early Neurologic Deterioration in Lacunar Stroke. Neurology. 2021;97:e1437-e1446.
35. Zhao G, Lin F, Wang Z, et al. Dual Antiplatelet Therapy after Intravenous Thrombolysis for Acute Minor Ischemic Stroke. Eur 

Neurol. 2020;82:93-98.

Waseem et al. 17 


	Comparing Efficacy and Safety of Dual Antiplatelet Therapy versus Intravenous Thrombolytics in Acute Minor Ischemic Stroke: ...
	Introduction
	Methods
	Protocol and Reporting Standards
	Search Strategy and Data Sources
	Eligibility Criteria and Study Selection
	Data Extraction and Endpoint Definitions
	Quality Assessment
	Statistical Analysis

	Results
	Study Characteristics
	Bias Assessment
	Outcomes
	Excellent Functional Outcome
	Symptomatic Intracranial Hemorrhage
	Favourable Functional Outcome
	Recurrent Ischemic Stroke
	All-Cause Mortality
	Early Neurologic Deterioration
	Subgroup Analysis
	Sensitivity Analysis
	Publication Bias

	Discussion
	Conclusion
	ORCID iDs
	Author Contributions
	Funding
	Declaration of Conflicting Interests
	Data Availability Statement
	Supplemental Material
	References


