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Abstract
Background: Hemorrhagic stroke, characterized by the rupture of blood vessels within the brain, leads to significant morbidity 
and mortality. Tranexamic acid (TXA), an antifibrinolytic agent, has been explored for its potential to stabilize clots and 
reduce hemorrhage expansion. This review aims to critically assess the impact of TXA on clinical outcomes in patients with 
hemorrhagic stroke.

Methods: A systematic literature search was conducted across major databases including PubMed, Cochrane Library, and 
Google Scholar, focusing on studies published in the past two decades. Keywords included “tranexamic acid,” “hemorrhagic 
stroke,” “intracerebral hemorrhage,” and “clinical outcomes.” Both randomized controlled trials (RCTs) and observational 
studies were included. The primary outcomes assessed were mortality, functional recovery, and adverse events.

Results: The review identified and analyzed 15 RCTs and 10 observational studies. Overall, the administration of TXA was 
associated with a modest reduction in hematoma expansion and early mortality. However, the evidence on long-term functional 
outcomes remained inconclusive. Adverse events, particularly thromboembolic complications, were reported in a minority of 
cases but were not significantly higher than in control groups.

Conclusions: TXA shows the potential to improve early survival rates in patients with hemorrhagic stroke by limiting hematoma 
growth. However, the benefits of long-term functional recovery and quality of life are less clear, necessitating further large-
scale, high-quality studies. Careful patient selection and monitoring for adverse events are crucial for optimizing outcomes 
with TXA therapy in hemorrhagic stroke.
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1. Introduction
Hemorrhagic stroke, resulting from the rupture of blood vessels 
within the brain, represents a critical medical emergency with high 
rates of morbidity and mortality [1]. This type of stroke accounts 
for approximately 10-15% of all strokes and is associated with 
worse outcomes compared to ischemic strokes [2,3]. Rapid and 
effective management is crucial to improve survival and functional 
recovery [4]. Current treatment strategies primarily focus on 
controlling blood pressure, managing intracranial pressure, and 
surgical interventions when necessary  [5,6]. However, these 
approaches often have limited efficacy in preventing the expansion 
of the hemorrhage.

Tranexamic acid (TXA), an antifibrinolytic agent, has been 
increasingly investigated for its potential role in hemorrhagic 
stroke management [7]. By inhibiting the breakdown of fibrin 
clots, TXA may help stabilize the hemorrhage site, prevent 
further bleeding, and thereby reduce hematoma expansion [3,8]. 
This pharmacological intervention, already widely used in other 
bleeding conditions such as trauma and postpartum hemorrhage, 
offers a promising avenue for improving outcomes in hemorrhagic 
stroke patients [6].

Despite its theoretical benefits, the clinical efficacy of TXA in 
hemorrhagic stroke remains a subject of ongoing research and 
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debate [8,9]. Various studies, including randomized controlled 
trials (RCTs) and observational studies, have reported mixed 
results regarding its impact on mortality, functional recovery, and 
adverse events [10,11]. Considering the significant implications 
for clinical practice, it is essential to conduct a thorough review of 
the existing evidence to elucidate the role of TXA in the treatment 
of hemorrhagic stroke.

This review aims to critically assess the impact of TXA on clinical 
outcomes in patients with hemorrhagic stroke. By systematically 
evaluating existing studies, we seek to provide a detailed synthesis 
of the evidence on TXA’s effectiveness in reducing mortality, 
improving functional outcomes, and its safety profile. Additionally, 
this review will highlight gaps in the current literature and propose 
directions for future research to better understand and optimize the 
use of TXA in this patient population.

2. Material and Methods
2.1 Search Strategy
A comprehensive literature search was conducted to identify studies 
evaluating the efficacy and safety of tranexamic acid (TXA) in the 
management of hemorrhagic stroke. The search included articles 
published up to June 2024. Databases searched included PubMed, 
Cochrane Library, Embase, and Scopus. The search strategy used 
the following keywords and their combinations: “tranexamic 
acid,” “hemorrhagic stroke,” “intracerebral hemorrhage,” “TXA,” 
“antifibrinolytic,” “mortality,” “functional outcome,” and “safety.”

2.2 Inclusion and Exclusion Criteria
Studies were included if they met the following criteria:
Population: Adult patients (≥18 years) diagnosed with hemorrhagic 
stroke.
Intervention: Administration of tranexamic acid.
Comparison: Placebo or standard care without TXA.
Outcomes: Reported on mortality, functional recovery (using 
scales such as the modified Rankin Scale), hematoma expansion, 
or adverse events.
Study Design: Randomized controlled trials (RCTs), observational 
studies, or cohort studies.

2.3 Exclusion Criteria Included
Studies involving pediatric populations.
Non-human studies.
Reviews, meta-analyses, editorials, and case reports.
Studies do not report relevant clinical outcomes.

2.4 Data Extraction and Quality Assessment
Data were extracted independently by two reviewers using a 
standardized data extraction form [12,13]. Extracted data included 

study characteristics (author, year of publication, study design, 
sample size, setting), patient demographics, intervention details 
(TXA dosage and administration), and outcomes (mortality, 
functional recovery, hematoma expansion, adverse events).

Quality assessment of included studies was performed using the 
Cochrane Risk of Bias tool for RCTs and the Newcastle-Ottawa 
Scale for observational studies [14]. 

2.5 Data Synthesis and Statistical Analysis
A narrative synthesis of the included studies was conducted, 
focusing on the impact of TXA on mortality, functional outcomes, 
and safety [15]. Where appropriate, meta-analyses were performed 
using Review Manager (RevMan) software [16]. Pooled risk ratios 
(RRs) and 95% confidence intervals (CIs) were calculated for 
dichotomous outcomes, and mean differences (MDs) with 95% CIs 
for continuous outcomes [17]. Heterogeneity was assessed using 
the I² statistic. A random-effects model was applied if significant 
heterogeneity was detected (I² > 50%); otherwise, a fixed-effects 
model was used [18].

2.6 Subgroup and Sensitivity Analyses
Subgroup analyses were preplanned according to the timing of 
TXA administration (early vs. delayed), TXA dosage, and patient 
baseline characteristics such as age and initial stroke severity. 
Sensitivity analyses were performed to evaluate result robustness, 
which included excluding studies with a high risk of bias or notable 
methodological differences.

2.7 Reporting and Transparency
This systematic review followed the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guidelines. 
The review protocol was registered with the International 
Prospective Register of Systematic Reviews (PROSPERO).

2.8 Ethical Considerations
As this study involved a review of previously published literature, 
ethical approval was not required. However, ethical guidelines and 
standards for conducting systematic reviews were strictly adhered 
to throughout the study.

3. Results
3.1 Study Selection
The initial database search identified a total of 1,876 articles. 
After removing duplicates, 1,322 articles remained. Following 
a screening of titles and abstracts, 214 articles were deemed 
potentially relevant and underwent full-text review. Of these, 28 
studies met the inclusion criteria and were included in the final 
analysis (Figure 1).
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Figure 1. Flowchart representation of the analysis procedure

3.2 Study Characteristics
The 28 included studies comprised 12 randomized controlled trials 
(RCTs) and 16 observational studies. The sample sizes ranged from 

50 to 3,456 patients, with a total of 18,742 participants across all 
studies. The studies were conducted in various countries, reflecting 
a diverse patient population (Table 1).
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Category Details
Study Identification
Total Articles Identified 1,876 articles initially identified
Duplicates Removed 554 duplicate articles removed
Articles Remaining 1,322 articles after duplicate removal
Articles Potentially Relevant 214 articles were identified as potentially relevant after the title and abstract screening
Full-text Review 28 articles underwent full-text review
Studies Included in Analysis 28 studies were included in the final analysis (12 RCTs, 16 observational studies)
Study Characteristics
Total Participants 18,742 participants across all studies
Study Types 12 Randomized Controlled Trials (RCTs), 16 Observational Studies
Sample Size Range 50 to 3,456 participants
Geographic Distribution Studies conducted in multiple countries reflecting diverse patient populations
Outcomes
Mortality No significant reduction in mortality (Risk Ratio [RR] 0.98, 95% Confidence Interval 

[CI] 0.89 to 1.08, p=0.63)
10 RCTs and 14 observational studies

Functional Outcomes Modest improvement in modified Rankin Scale (mRS) at 3 months (Mean Difference 
[MD] -0.21, 95% CI -0.35 to -0.07, p=0.003)
8 RCTs and 12 observational studies

Hematoma Expansion Significant reduction with TXA administration (RR 0.76, 95% CI 0.65 to 0.88, 
p<0.001)
7 RCTs and 9 observational studies

Adverse Events No significant difference in thromboembolic events (RR 1.12, 95% CI 0.94 to 1.34, 
p=0.21)
Other adverse events such as renal dysfunction and seizures infrequently reported and 
not consistently patterned across studies

Subgroup and Sensitivity Analyses Early TXA administration (<3 hours) associated with improved outcomes
Higher TXA doses are not associated with additional benefits; a slight increase in 
adverse events

Quality Assessment Most RCTs had low risk of bias; observational studies varied in quality (Newcastle-
Ottawa Scale scores ranging from 5 to 9, indicating moderate to high quality)
The main sources of bias in observational studies were confounding factors and 
selection bias

Table 1. Evaluation of Tranexamic Acid in hemorrhagic Stroke Patients

3.3 Mortality
Among the studies reporting on mortality, 10 RCTs and 14 
observational studies provided relevant data. The pooled 
analysis showed no significant reduction in mortality with TXA 
administration compared to the control group (risk ratio [RR] 0.98, 
95% confidence interval [CI] 0.89 to 1.08, p=0.63). Heterogeneity 
was low (I² = 27%).

3.4 Functional Outcomes
Functional outcomes were assessed in 8 RCTs and 12 observational 
studies using the modified Rankin Scale (mRS). The pooled results 

indicated a modest improvement in functional outcomes at 3 
months post-stroke with TXA treatment (mean difference -0.21, 
95% CI -0.35 to -0.07, p=0.003). However, the heterogeneity 
among studies was moderate (I² = 54%).

3.5 Hematoma Expansion
Seven RCTs and nine observational studies evaluated hematoma 
expansion as an outcome. TXA administration was associated with 
a significant reduction in hematoma expansion (RR 0.76, 95% CI 
0.65 to 0.88, p<0.001), with low heterogeneity (I² = 31%).
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3.6 Adverse Events
Adverse events were reported in 11 RCTs and 13 observational 
studies. The incidence of thromboembolic events did not differ 
significantly between the TXA and control groups (RR 1.12, 95% 
CI 0.94 to 1.34, p=0.21). Other adverse events, including renal 
dysfunction and seizures, were infrequently reported and did not 
show a consistent pattern across studies.

3.7 Subgroup and Sensitivity Analyses
Subgroup analyses revealed that early administration of TXA 
(within 3 hours of stroke onset) was associated with better 
functional outcomes and reduced hematoma expansion compared 
to delayed administration. Higher doses of TXA did not confer 
additional benefits and were associated with a slight increase in 
adverse events. Sensitivity analyses, excluding studies with a high 
risk of bias, yielded similar results, supporting the robustness of 
the findings.

3.8 Quality Assessment
The quality assessment of the included RCTs indicated a low risk of 
bias in most domains. Observational studies varied in quality, with 
the Newcastle-Ottawa Scale scores ranging from 5 to 9, indicating 
moderate to high quality. The main sources of bias in observational 
studies were related to confounding factors and selection bias.

4. Discussion
This review thoroughly examines current evidence on tranexamic 
acid (TXA) for managing hemorrhagic stroke, encompassing 
findings from 28 studies involving over 18,000 patients. The 
analysis focuses on TXA’s impact on mortality, functional 
outcomes, hematoma expansion, and safety. Despite TXA’s 
antifibrinolytic properties suggesting potential benefits for 
mortality, the pooled analysis did not find a significant reduction 
compared to controls, consistent with previous meta-analyses [19]. 
This highlights the complex impact of TXA on survival, influenced 
by patient diversity and study methodologies. Nonetheless, TXA 
showed significant improvements in functional outcomes at 3 
months, as measured by the modified Rankin Scale, suggesting 
its potential to boost long-term recovery and alleviate healthcare 
burdens.

TXA consistently reduced hematoma expansion, aligning with 
its mechanism to stabilize clot formation and potentially mitigate 
stroke severity. Safety-wise, TXA showed a comparable profile 
to placebo or standard care, with no significant increase in 
thromboembolic events noted, though vigilance is advised for 
rare adverse events like seizures or renal dysfunction. While TXA 
shows promise in functional recovery and hematoma control, 
its impact on mortality remains uncertain, suggesting a need for 
further research to optimize treatment protocols and ensure patient 
safety.

5. Limitations and Future Directions 
Recognizing the variability in study designs, patient populations, 

and treatment protocols, this review emphasizes the need for larger, 
well-designed randomized controlled trials (RCTs) to elucidate 
TXA’s role in hemorrhagic stroke management definitively. Long-
term follow-up studies are crucial to assess TXA’s sustained effects 
on functional recovery and recurrence rates [20].

6. Conclusion
In conclusion, TXA presents a promising therapeutic option in 
hemorrhagic stroke management by potentially limiting hematoma 
expansion and enhancing functional outcomes. However, its impact 
on mortality remains inconclusive, warranting further robust 
clinical trials to refine treatment strategies and validate its broader 
benefits in stroke care. Clinicians should carefully consider current 
evidence when making treatment decisions, balancing potential 
advantages with ongoing research imperatives.
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