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Objectives: Our objective was to compare the effectiveness of TXA in improving 
recurrence in patients with chronic subdural hematoma (CSDH).

Methods: Eligible randomized controlled trials (RCTs), prospective trials and 
retrospective cohort studies were searched in PubMed, Cochrane Library, 
Embase, and CNKI from database inception to December 2023. After the 
available studies following inclusion and exclusion criteria were screened, the 
main outcome measures were strictly extracted. Reman v5.4. was used to assess 
the overall recurrence rate. A random-effects model was used to assess pooled 
ORs, with the Mantel–Haenszel estimation method applied. Cochran Q (Chi-
square) test and I2 statistics were used to assess inter-study heterogeneity. 
Funnel plots were used to evaluate publication bias.

Results: From the 141 articles found during initial citation screening, 9 literatures 
were ultimately included in our study. Our NMA results illustrated that patients 
with newly diagnosed Chronic subdural hematoma revealed a significantly 
improved recurrence rate when patients were treated with Tranexamic acid (OR: 
0.33; 95% CI 0.26–0.41; p  <  0.00001) compared with standard neurosurgical 
treatment. There was no significant difference in the incidence rates of 
thrombosis (OR: 0.84; 95% CI 0.63–1.12; p  =  0.23) and mortality (OR: 1.0; 95% CI 
0.57–11.76; p  =  0.99), Occurrence of myocardial infarction was significantly less 
frequent in TXA users than in nonusers (OR: 0.18; 95% CI 0.04–0.82; p  =  0.03).

Conclusion: TXA can effectively improve the recurrence rate of CDSH. It 
provides a high level of evidence-based medicine for clinical treatment. In 
addition, multicenter randomized controlled trials, with dose adjustments, 
are still needed to determine whether TXA intervention improves neurological 
function or prognosis.

KEYWORDS

tranexamic acid, chronic subdural hematoma, recurrence, meta-analysis, systematic 
review

OPEN ACCESS

EDITED BY

Hiroki Sato,  
Saitama Medical University International 
Medical Center, Japan

REVIEWED BY

Anton Fruhs,  
Charité University Medicine Berlin, Germany
Daniel Dubinski,  
University Hospital Rostock, Germany

*CORRESPONDENCE

Tiantian Liu  
 1050759938@qq.com

RECEIVED 09 January 2024
ACCEPTED 13 March 2024
PUBLISHED 22 April 2024

CITATION

Pan W, Hu J, Huang X, Jin E, Yao L, Han J and 
Liu T (2024) Effectiveness of tranexamic acid 
on chronic subdural hematoma recurrence: a 
meta-analysis and systematic review.
Front. Neurol. 15:1359354.
doi: 10.3389/fneur.2024.1359354

COPYRIGHT

© 2024 Pan, Hu, Huang, Jin, Yao, Han and 
Liu. This is an open-access article distributed 
under the terms of the Creative Commons 
Attribution License (CC BY). The use, 
distribution or reproduction in other forums is 
permitted, provided the original author(s) and 
the copyright owner(s) are credited and that 
the original publication in this journal is cited, 
in accordance with accepted academic 
practice. No use, distribution or reproduction 
is permitted which does not comply with 
these terms.

TYPE Systematic Review
PUBLISHED 22 April 2024
DOI 10.3389/fneur.2024.1359354

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2024.1359354&domain=pdf&date_stamp=2024-04-22
https://www.frontiersin.org/articles/10.3389/fneur.2024.1359354/full
https://www.frontiersin.org/articles/10.3389/fneur.2024.1359354/full
https://www.frontiersin.org/articles/10.3389/fneur.2024.1359354/full
https://www.frontiersin.org/articles/10.3389/fneur.2024.1359354/full
mailto:1050759938@qq.com
https://doi.org/10.3389/fneur.2024.1359354
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2024.1359354


Pan et al. 10.3389/fneur.2024.1359354

Frontiers in Neurology 02 frontiersin.org

Introduction

Chronic subdural hematoma (CSDH) is frequently a result of 
head trauma, particularly among the elderly. Studies report an 
incidence rate as high as 20.6 per 100,000 individuals annually (1), 
With the aging global population, a marked increase in CSDH cases 
is anticipated (2). The enlarged subdural space, a consequence of 
cerebral atrophy common in the elderly, often coexists with the use 
of oral anticoagulants in this demographic (3). Head trauma typically 
leads to the rupture and subsequent bleeding of bridging veins. An 
initial collection of liquefied hematoma develops in the subdural 
space, encapsulated by a geomembrane rich in capillaries after about 
three weeks. This membrane is susceptible to recurrent bleeding, 
which in turn compresses the brain tissue, manifesting as headache, 
dizziness, and a range of neurological symptoms (4–6).

Surgical intervention through trepanation significantly mitigates 
these symptoms; however, CSDH frequently recurrence (33%) and is 
associated with a grim prognosis (7). The mechanisms underlying 
reoccurrence remain enigmatic, though prevailing theories implicate 
inflammation (8, 9), angiogenesis (10, 11), and hyperfibrinolysis (12, 
13). Therapeutics developed following these theories, including 
statins and glucocorticoids, have proven effective at reducing 
postoperative recurrence by targeting inflammation and angiogenesis 
(14, 15). Nonetheless, recurrence rates remain disconcertingly high, 
necessitating the discovery of novel treatment targets.

Hyperfibrinolysis leads to the excessive breakdown and 
liquefaction of blood clots, impeding their reabsorption (16). 
Tranexamic acid (TXA), an antifibrinolytic agent, is postulated to 
inhibit the rapid dissolution of blood clots, thereby potentially 
preventing the recurrence of chronic subdural hematoma (CSDH) and 
reducing the need for multiple surgical interventions (17). Currently, 
the therapeutic efficacy of TXA following CSDH surgery is under 
investigation by numerous researchers through clinical trials. 
However, the outcomes are still subject to debate, (18–20), pointing to 
a pressing requirement for rigorous evidence-based medical research. 
In this context, our study synthesizes the existing data to assess 
whether TXA administration effectively curtails the recurrence rates 
of CSDH in affected patients.

Materials and methods

Systematic review

Systematic reviews are conducted by searching PubMed, Embase, 
Cochrane libraries, and CNKI providing broad access to literature, 
regardless of year or language. The Medical Subject Headings (Meshi) 
and the search terms were combined with Boolean logical operators 
using “Chronic subdural hematoma,” “Tranexamic acid,” “Prospective 
cohort studies,” “Randomized controlled trials,” “Retrospective cohort 
studies,” and other relevant synonyms.

Selection criteria

All eligible citations were evaluated, and citations that did not 
meet the inclusion criteria or were repeatedly included were excluded. 

Read the full text carefully to further evaluate the relevance of the 
article. In addition, the references in the included articles are evaluated 
for further exploration of relevant research. All references In Endnote 
X9 (Research Soft, Philadelphia, United States).

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) All enrolled 
patients were diagnosed with Chronic Subdural Hematoma; (2) 
Comparative studies include randomized controlled trials or 
prospective studies; (3) At least 16 patients were included in each 
trial; (4) report key outcome indicators. The exclusion criteria 
were as follows: (1) recurrent Chronic Subdural Hematoma (2) 
age under 18 years. The primary outcome measure was the 
recurrence rate in patients with Chronic Subdural Hematoma. 
We considered mortality, thrombosis and myocardial infarction 
as secondary outcomes. Recurrence was defined as the onset of 
symptomatic Chronic Subdural Hematoma during the study 
period, requiring a new intervention (based on radiologically and 
through clinical assessment).

Data extraction and quality assessment

Two authors (Wani Pan and Jinyang Hu) independently extracted 
and Summarized data eligible for inclusion and exclusion Standards. 
Analyze demographic characteristics and data from all included 
articles. Relevant data such as study name, author, year of publication, 
country, region, and basic characteristics were extracted as 
baseline data.

Study quality was assessed using the software Review Manager 
(Version 5.4), which is a tool for evaluating the risk of bias in the 
included studies.

Statistical analyses

Revan v5.4. was used to assess the overall recurrence rate. A 
random-effects model was used to assess pooled ORs, with the 
Mantel–Haenszel estimation method applied. Cochran Q (Chi-square) 
test and I2 statistics were used to assess inter-study heterogeneity. The 
heterogeneity was considered to be moderate if I2 values were > 25%. 
significance was determined using 95% CIs or p < 0.05 (22).

Results

Study identification and patient 
characteristics

After a systematic review of the literature, 141 literatures were 
initially screened, and after further screening, 9 literatures were finally 
included. Figure  1 shows the process of document selection. The 
included studies were published between 2012 and 2023. Table  1 
summarizes the main characteristics and pharmacological 
interventions of the participants in the 9 included trials. Patients in 
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FIGURE 1

PRISMA flow chart.

TABLE 1 Characteristics of included studies.

Publication Study 
design

Treatments 
and sample 
size

Mean age Gende 
(male, %)

Basic 
treatment

Doses Treatment 
duration

Recruiting 
area

Xie et al. (22) Prospective TXA = 25 versus 

SNT = 25

40–81 (60.4) versus 

38–80 (61.6)

13 (26) Burr hole 1,500 mg 

once daily

1 weeks China

Wan et al. (23) RCT TXA = 41 versus 

SNT = 49

72.02 ± 11.79 versus 

69.57 ± 13.69

60 (66.7) Burr hole or 

craniotomy

500 mg twice 

daily

3 weeks Singapore

Yamada and 

Natori (24)

RCT TXA =72 versus 

SNT = 82

78.2 ± 9.2 versus 

78.8 ± 10.8

100 (64.9) Burr hole 750 mg three 

times per day

12 weeks Japan

Wakabayashi 

et al. (25)

RCT TXA =50 versus 

SNT = 49

None None Burr hole 750 mg per 

day

4 weeks Japan

Shibahashi et al. 

(26)

Prospective TXA =6,564 

versus 

SNT = 6,564

40–89 (75.6) versus 

40–89 (75.5)

9,067 (69.1) Burr hole 750 mg per 

day

Started oral TXA 

within 2 days 

after surgery

Japan

Miyakoshi et al. 

(27)

Retrospective TXA =465 

versus SNT = 465

81.3 (7.3) versus 81.1 

(6.9)

606 (65.2) Burr hole 750 mg per 

day

2 weeks Japan

de Paula et al. 

(20)

RCT TXA =24 versus 

SNT = 26

75.8 ± 11.8 versus 

72.6 ± 11.9

31 (62) Burr hole 750 mg three

times per day

12 weeks Germany

Yang et al. (28) Prospective TXA =41 versus 

SNT = 114

72 (65–83) versus 

71.5 (60–79)

35 (77) Burr hole 750 mg per 

day

7 weeks Korea

Workewych 

et al. (29)

RCT TXA =11 versus 

SNT = 13

70.18 (12.03) versus 

70.85 (9.31)

70.9 (46) Burr hole 500 mg three 

times per day

8 weeks Canada

TXA, tranexamic acid, RCT, randomized controlled study, None, not reported. SNT, standard neurosurgical treatment.
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TABLE 2 Recurrence rates included in the study.

Publication Recurrence rates (%) OR or HR (95%CI) p-value

Control Intervention

Xie et al. (22) 32 8 Not reported <0.05

Wan et al. (23) 10.2 4.8 0.51 (0.11–2.47) 0.221

Yamada and Natori (24) 9.8 1.4 Not reported 0.083

Wakabayashi et al. (25) 5.7 10.9 Not reported <0.05

Shibahashi et al. (26) 6.1 1.9 Not reported <0.001

Miyakoshi et al. (27) 16.8 6.8 0.38 (0.26–0.56) <0.05

de Paula et al. (20) 8.3 3.8 Not reported 0.5

Yang et al. (28) 7 2.4 Not reported <0.05

Workewych et al. (29) 15 18 Not reported 1

FIGURE 2

Risk of bias graph: the judgments about each risk of bias item are presented as percentages across all included studies.

each study were patients with CSDH. Five articles were RCTs, and 3 
articles were prospective studies,1 article was retrospective. Treatment 
time varied from 1 to 12 weeks, 7 articles used burr holes,1 article was 
treated by drilling or craniotomy, and the remaining 1 article was 
conservative treatment. We  summarize the main data from the 
included trials in Table 2. The results showed that all trials reported 
recurrence rates, with an overall recurrence rate of approximately 
12.3% (5.7–32%) in the intervention group and 6.4% (range 1.4–18%) 
in the control group.

Risk of bias quality assessment

Of the nine trials included, some trials were described in 
detail Random sequence generation with a low risk (23–29), 
Blinding of outcome assessment resulted in an unclear risk in 
some of the included studies, which may have led to detection bias 
(22). Some studies were scored high risk or unclear risk because 
of incomplete outcome data (24, 25). Individual bias and 
population bias at study level quality were, respectively, 
summarized in Figures 2, 3.

The details of surgical treatment

Specific surgical protocols were not descripted in the included 
literature, Here, we describe in detail the procedure for trepanation 
and drainage of chronic subdural hematoma. First, select the 
appropriate anesthesia method after the clear indication of surgery. 
According to the preoperative imaging location, scalp and 
subcutaneous tissue were cut at the thickest part of the hematoma, 
the dura was cut after drilling, and the drainage tube was quickly 
inserted and then fixed by subcutaneous suture. Warm saline 
repeatedly flushes the hematoma cavity until the outflow liquid is 
basically clear. Finally, connect the drainage tube with an external 
drainage bag (30).

Meta-analysis for recurrence rate and 
secondary outcomes

Meta-analysis of patients with newly diagnosed Chronic subdural 
hematoma revealed a significantly improved recurrence rate when 
patients were treated with Tranexamic acid compared with standard 
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neurosurgical treatment alone (OR: 0.33; 95% CI 0.26–0.41; 
p < 0.00001) Heterogeneity among studies was low (I2 = 6%, p = 0.39; 
Figure 4). There was no significant difference in the incidence rates 
of thrombosis (OR: 0.84; 95% CI 0.63–1.12; p = 0.23) and mortality 
(OR: 1.0; 95% CI 0.57–11.76; p = 0.99), Occurrence of myocardial 
infarction was significantly less frequent in TXA users than in 
nonusers (OR: 0.18; 95% CI 0.04–0.82; p = 0.03; Table 3). The funnel 
plot shows that there are some asymmetrical scattering points in the 
inverted funnel plot, which indicates that there may be  some 
publication bias (Figure 5).

Discussion

As the global population ages and the use of anticoagulants 
becomes more prevalent, the incidence and societal impact of 
CSDH are anticipated to rise, presenting an escalating public health 
concern (31). The definitive management of chronic subdural 
hematoma is a topic of ongoing discourse. Surgical intervention 
remains the sole established treatment option, yet it is associated 
with substantial recurrence and mortality rates, estimated at 10%, 
particularly in the elderly and frail demographic (32, 33), The 

FIGURE 3

Risk of bias summary: the judgments about each risk of bias item for each included study.

FIGURE 4

The efficacy of the experimental group was compared with that of the control group.
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TABLE 3 Comparison of mortality, thrombosis, and myocardial infarction in the tranexamic acid group vs. the control group.

A

Publication Thrombosis Weight Risk radio 
(95%CI)

TAX Control

Events Total Events Total

Shibahashi et al. (26) 7 6,564 6 6,564 7.00% 1.17 [0.39, 3.47]

Miyakoshi et al. (27) 63 465 79 465 92.40% 0.80 [0.59, 1.08]

de Paula et al. (20) 1 24 0 26 0.60% 3.24 [0.14, 75.91]

Total 71 7,053 85 7,055 100% 0.84 [0.63, 1.12]

Test for overall effect: Z = 1.19 (p = 0.23).

B

Publication Mortality Weight Risk radio 
(95%CI)

TAX Control

Events Total Events Total

Miyakoshi et al. (27) 24 465 25 465 98.10% 0.96 [0.54, 1.70]

de Paula et al. (20) 1 24 0 26 1.90% 3.38 [0.13, 87.11]

Total 25 489 25 491 100% 1.00 [0.57, 1.76]

Test for overall effect: Z = 0.01 (p = 0.99).

C

Publication Myocardial infarction Weight Risk radio 
(95%CI)

TAX control

Events Total Events Total

Shibahashi et al. (26) 2 6,564 11 6,564 100% 0.18 [0.04, 0.82]

de Paula et al. (20) 0 24 0 26 – –

Total 2 6,588 11 6,590 100% 0.18 [0.04, 0.82]

Test for overall effect: Z = 2.22 (p = 0.03).

FIGURE 5

Funnel plot for detecting and displaying system heterogeneity.

underlying mechanisms contributing to these postoperative 
outcomes remain elusive.

Several studies have shown that inflammatory factors and 
chemokines (IL-6, IL-8, IL-10, MCP1, and TNF-α) are mediators of 
CSDH development and play a crucial role in hematoma enlargement 
(34, 35). Additional findings suggest high VEGF levels also increase 
micro angiogenesis and enhance vascular permeability (10). In 
addition, in the hematoma of patients with CSDH, the activation of 
plasmin’s leads to a significant increase in thrombosis regulatory 
protein, and then forms a state of high fibrinolysis, which promotes 
blood vessel leakage leading to promote CSDH progression (36). 
Based on the understanding of inflammation, angiogenesis, and 
hyperfibrinolysis in the development of CSDH, Several related studies 
have investigated the role of various medical adjuncts, such as 
atorvastatin (37, 38), dexamethasone (15, 39, 40), TXA (4, 12, 14, 18, 
20, 40–43), etc. in reducing their postoperative recurrence rate. 
However, to date, there is no established best adjuvant treatment.

Currently, low doses of atorvastatin have been used by many 
neurosurgeons to promote CSDH absorption and improve prognosis 
and neurological recovery (38). Compared with atorvastatin, 
dexamethasone can improve recurrence better (14). Some scholars 
have found that dexamethasone treatment is associated with a lower 
recurrence rate of CSDH, but no effect of dexamethasone on 
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improving neurological prognosis and reducing mortality has been 
observed (43). In addition, dexamethasone increased the risk of 
all-cause death from CSDH (relative risk = 1.96), and adverse events 
with dexamethasone are generally severe even when given at 
megadose (44). Recent studies have shown that TXA is less effective 
than dexamethasone, but more effective than atorvastatin (14). This 
offers great potential for TAX to treat CDSH as an adjuvant or 
combination therapy. Importantly, TXA has favorable security. The 
most common side effects were mild gastrointestinal symptoms and 
headache (4), and TXA may promote the formation of thrombosis, 
then the risk of vascular embolism, however, previous trials have 
shown that this adverse effect is not clinically significant at doses of 
1-2 g, which was higher than the dose regimen used in our trials (45). 
Besides, drug–drug interactions rarely occur in TXA (42), providing 
a better potential option for older.

To the authors’ knowledge, no conventional meta-analysis has 
evaluated the efficacy of TXA in reducing CSDH recurrence. This is the 
first meta-analysis that investigates the role of TXA in reducing the 
recurrence rate of CSDH. Our results suggest that TXA can significantly 
reduce the recurrence rate of CDSH (OR: 0.33; 95% CI 0.26–0.41; 
p < 0.00001), and improve the clinical prognosis of patients. However, 
there are some drawbacks to our study. First, there are not enough 
randomized controlled trials or prospective studies of TXA interventions, 
so the evidence based on their efficacy is limited. Second, we did not 
analyze the side effects of TXA, which could affect clinical treatment 
strategies. Finally, the low quality of some trials may potentially threaten 
the validity of our analysis. In the future, multicenter randomized 
controlled trials are still needed to evaluate TXA as a single or 
combination intervention to improve neurological function or prognosis.

Conclusion

In summary, our results show that TXA can effectively improve 
the recurrence rate of CDSH. It provides a high level of evidence-
based medicine for clinical treatment. In addition, multicenter 
randomized controlled trials, with dose adjustments, are still needed 
to determine whether TXA intervention improves neurological 
function or prognosis.
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