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Abstract
Background: Tranexamic acid (TXA) reduces surgical bleeding and reduces death from bleeding after trauma and
childbirth. However, its effects on thrombotic events and seizures are less clear. We conducted a systematic review
and meta-analysis to examine the safety of TXA in bleeding patients.
Methods: For this systematic review and meta-analysis, we searched MEDLINE, EMBASE and the Cochrane Central
Register of Controlled trials from inception until June 1, 2020. We included randomized trials comparing intravenous
tranexamic acid and placebo or no intervention in bleeding patients. The primary outcomes were thrombotic events,
venous thromboembolism, acute coronary syndrome, stroke and seizures. A meta-analysis was performed using a
random effects model and meta-regression analysis was performed to evaluate how effects vary by dose. We assessed
the certainty of evidence using the grading of recommendations, assessment, development and evaluations (GRADE)
approach.
Results: A total of 234 studies with 102,681 patients were included in the meta-analysis. In bleeding patients, there
was no evidence that TXA increased the risk of thrombotic events (RR = 1.00 [95% CI 0.93–1.08]), seizures (1.18
[0.91–1.53]), venous thromboembolism (1.04 [0.92–1.17]), acute coronary syndrome (0.88 [0.78–1.00]) or stroke (1.12
[0.98–1.27]). In a dose-by-dose sensitivity analysis, seizures were increased in patients receiving more than 2 g/day of
TXA (3.05 [1.01–9.20]). Meta-regression showed an increased risk of seizures with increased dose of TXA (p = 0.011).
Conclusion: Tranexamic acid did not appear to increase the risk of thrombotic events in bleeding patients. However,
because there may be dose-dependent increase in the risk of seizures, very high doses should be avoided.
Keywords: Tranexamic acid, Bleeding, Surgery, Thrombotic events, Seizure, Meta-analysis
Background
Tranexamic acid (TXA) is a long-established antifibrinolytic agent that was developed in Japan in 1962 [1, 2].
TXA is a synthetic derivative of the amino acid lysine that
inhibits fibrinolysis by blocking the lysine binding sites
on plasminogen, which contribute to reduce bleeding [3].
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For many years, TXA has been used in surgery to reduce
blood loss and the need for transfusion [4]. Recent randomized trials have shown that timely TXA administration reduces death from bleeding in patients with trauma
and post-partum hemorrhage [5, 6].
Although the benefits of TXA for reducing mortality
and bleeding are well established in acute bleeding [7],
its effects on adverse events are less clear. One of primary concerns with TXA administration relates to the
potential for thrombotic events and seizures. By reducing fibrinolysis TXA might increase the risk of thrombosis [8]. TXA can cross the blood–brain barrier and might
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increase seizures by antagonizing inhibitory gammaaminobutyric acid receptor type A (GABAA) in brain
[9–11]. Despite the cumulative evidence, there remain
uncertainties on the risk of thrombotic events and seizures with TXA use due to imprecision or methodological limitations. [4, 7, 12, 13].
The aim of this systematic review and meta-analysis is
to evaluate the effects of TXA on thrombotic events and
seizures by analyzing all the available RCTs in bleeding
patients. We also evaluated how the effects of TXA vary
by dose and underlying disease with subgroup analysis
and meta-regression analysis.
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Trial selection and data extraction

Two authors (HN, SM) independently screened articles for inclusion on the basis of title and abstracts and
reviewed relevant articles as full text. Disagreements
were resolved by discussion and referral to a third author
(KY) if necessary. Two authors (HN, SM) extracted the
study characteristics from each included study, including
year of publications, study population, number of participants, name of comparators, dose of treatment, indication for treatment, name and types of adverse events and
information assessing risk of bias in the studies.
Quality assessment

Methods
The protocol for this systematic review was registered on
PROSPERO (Registration No. CRD42020160037). The
systematic reviews and meta-analyses were performed in
accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [14] and adhered pre-published protocol. [15].
Study criteria

We included trials with the following characteristics (1)
study types: randomized trials, (2) population: patients
with traumatic, surgical, obstetric, intracranial or gastrointestinal bleeding, (3) intervention: intravenous
tranexamic acid at any dose, (4) control: placebo or no
intervention (without TXA administration) and (5) outcomes: any thrombotic events (venous thromboembolism, acute coronary syndrome and stroke) and seizures.
Systematic search

We conducted a comprehensive search of MEDLINE (via
PubMed), EMBASE and the Cochrane Central Register of
Controlled Trials from inception until, June 1, 2020, for
randomized trials comparing intravenous TXA and placebo or no intervention in bleeding patients (trauma, surgery, post-partum hemorrhage, spontaneous intracranial
hemorrhage, gastrointestinal hemorrhage). We did not
apply any language or time restrictions to the electronic
searches. The search strategy in MEDLINE was as follows: (Tranexamic acid [mesh] OR tranexamic acid [tiab]
OR TXA [tiab]) AND ((randomized controlled trial [pt]
OR controlled clinical trial [pt] OR randomized [tiab] OR
clinical trials as topic [mesh: noexp] OR randomly [tiab]
OR trial [ti]) NOT (animals [mh] NOT humans [mh])).
Our MEDLINE search strategy was adapted for searches
in the other two databases (Additional file 1: Table S1).
Reference lists of eligible studies were hand-searched to
identify further relevant studies.

Two authors (HN, SM) independently assessed the risk
of systematic errors (bias) of the trials included in the
meta-analysis according to the Cochrane Handbook,
version 6.1 [16]. To evaluate the risk of bias in the individual RCTs, we will use the revised uniform criteria of
the Cochrane risk-of-bias tool for randomized trials ver.
2 (RoB 2).
Risk of bias was rated according to the following
domains (1) bias due to randomization, (2) bias due to
deviations from indented interventions, (3) bias due to
missing data, (4) bias due to outcome measurement, (5)
bias due to selection of reported result. Trials adjudicated
as having concerns or having high risk of bias for one or
more domains were classified as having an overall high
risk of bias.
Outcomes

The primary outcome measure was the number of
patients with any thrombotic events, including acute coronary syndrome (ACS), stroke/transient ischemic attack
(TIA) and venous thromboembolism (VTE). The number of patients with ACS, stroke/TIA and VTE was also
assessed separately. The number of patients with seizures
was also measured as primary outcome.
Statistical analysis

Statistical analyses were performed using Review Manager Software 5 (Review Manager [RevMan] Version
5.4. Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2020) and STATA software,
V.15.0 (STATA Corporation, College Station, TX, USA).
For each included trial, we calculated the relative risks
with 95% confidence intervals for all outcome measures.
Heterogeneity among the trials was explored by inspection of forest plots and calculation of I2 statistics [16]. We
performed both fixed effects analysis using the Mantel–
Haenszel method and random effects analyses using the
DerSimonian and Laird estimator, reporting the most
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conservative summary estimate with the broadest confidence interval [17]. Pre-specified subgroup analyses were
performed as standard using RevMan 5 software.
We conducted analysis to establish, first, the effects
of TXA on any thrombotic events and on seizures in
bleeding patients. We also assessed the effect of TXA
on venous thromboembolism, acute coronary syndrome
and stroke separately. We examined the following preplanned sensitivity analyses: type of underlying disease
(trauma, cardiac surgery, orthopedic surgery, obstetrics
and gynecology, spontaneous intracranial hemorrhage,
gastrointestinal bleeding), TXA dose (≤ 2 g or > 2 g per
day), sample size (< 500 or ≥ 500), risk of bias (low risk
of bias or high risk of bias). Additionally, we conducted
subgroup analysis in children. Meta-regression analysis
was carried out to investigate the association between the
incidence of adverse events and the dose of TXA.
Statistical heterogeneity will be evaluated informally from forest plots of the study estimates
and more formally using the chi-squared test (P

9106 Records identified through
database searching

value < 0.1 = significant heterogeneity) and I2 statistic
(I2 > 50% = significant heterogeneity).
To investigate publication biases, we created funnel
plot in which the log RRs were plotted against their
standard errors and tested the symmetry of the funnel
plots with Begg’s rank correlation test and Egger’s linear regression test.
We also assessed the overall certainty of evidence for
each outcome using the grading of recommendations
assessment, development and evaluation (GRADE)
approach.

Results
Literature search

In total, we screened 6761 abstracts, of which 377 were
eligible for full-text review. 234 trials with 102,681 participants were eligible for inclusion in the meta-analysis
(Fig. 1).

2 Additional records identified
through manual search

6761 Records after duplicates removed
6384 Records excluded on basis of
title and abstract

377 Full-text article screened
143 Full-text articles excluded
56 Ineligible intervention or
comparator
23 Ineligible study design
64 Inadequate information of
adverse events
234 Studies included in the meta-analysis
230 Any thrombotic events
208 Venous thromboembolism
107 Acute coronary syndrome
106 Stroke
40 Seizures
Fig. 1 PRISMA flowchart
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Description of included studies

125 trials for measurement of outcome result (Additional file 2: Figure S1). Supplementary material is
attached showing the characteristics and risk of bias of
the included trials (Additional file 1: Table S2; Additional
file 2: Figure S2).

Table 1 summarizes characteristics of included trials. 124
(53%) trials were in orthopedic surgery, 47 trials (20%)
were in cardiac surgery, 22 trials (9%) were in obstetric
and gynecological surgery, 7 trials (3%) were in trauma
(including traumatic brain injury), 9 trials (4%) were in
spontaneous (non-traumatic) intracranial hemorrhage,
3 trials (1%) were in gastrointestinal hemorrhage. 13
trials had sample sizes over 500. [5, 6, 12, 18–27] 9 trials involved children. Among 234 trials included in this
meta-analysis, data were available on any thrombotic
events for 230 trials, on venous thromboembolism for
208 trials, on acute coronary syndrome for 107 trials, on
stroke for 106 trials and on seizures for 40 trials.

Primary outcome in all hemorrhagic patients

We found no evidence that TXA administration
increased the risk of thrombotic events (RR = 1.00 [95%
CI 0.93–1.08], I2 = 0%, high certainty of evidence), seizures (1.18 [0.91–1.53], I2 = 34%, moderate certainty),
venous thromboembolism (1.04 [0.92–1.17], I2 = 0%),
acute coronary syndrome (0.88 [0.78–1.00], I2 = 0%) or
stroke (1.12 [0.98–1.27], I2 = 0%) (Fig. 2). These results
were consistent for both random effects and fixed effect
statistical model and we observed no evidence of publication bias, either when evaluating the funnel plot
(Additional file 2: Figures S3 and S4) or statistically for
thrombotic events (Begg’s rank correlation test: p = 0.12
and Egger’s linear regression test: 0.424) and seizures

Risk of bias in individual trials

Overall, 109 trials were deemed to be at low risk of bias.
182 trials were judged at low risk of bias for randomization process, 158 trials for deviations from intended
interventions, 224 trials for missing outcome data and
Table 1 Summary characteristics of included trials

No. of trials
n = 234

No. of participants
n = 102,681

Trial characteristics
Multicenter study

26

80,268

Single-center study

208

22,413

Patient disease type
Trauma (including traumatic brain injury)

7

34,488

Obstetrics and gynecology

22

28,089

Cardiac surgery

47

10,528

Orthopedic surgery

124

11,353

Intracranial (non-traumatic) hemorrhage

9

4057

Gastrointestinal hemorrhage

3

12,312

Others

22

1854

Patient characteristics
Mean age (year) of trial arms, median [IQR]

Control: 54 [43–66]
Intervention: 50 [46–67]

Percentage of female patients in trial arms, median [IQR]

Control: 54 [35–70]
Intervention: 53 [31–73]

Adults

225

101,917

Pediatrics

9

764

TXA dose
≦ 2 g/day

180

78,268

2 g/day < TXA dose ≦ 4 g/day

14

13,887

>4 g

20

7603

Composite

20

2923

TXA regimen
Bolus administration

149

47,973

Continuous infusion

4

785

Bolus + infusion

80

53,848

IQR, interquartile range. TXA, tranexamic acid
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Events, No. / total
Studies

TXA

Favours
TXA

RR (95% CI)

Control

Thrombotic events

230

1342/52103 1278/50211

Seizures

40

404/30351

351/29847

1.18 (0.91-1.53)

Venous thromboembolism

208

532/50037

454/48447

1.04 (0.92-1.17)

Acute coronary syndrome

107

421/42763

476/41663

0.88 (0.78-1.00)

Stroke

106

446/42924

389/42014

1.12 (0.98-1.27)

Favours
control

1.00 (0.93-1.08)

0.5

1.0

2.0

Fig. 2 Forest plot comparing tranexamic acid and control for primary outcome. TXA, tranexamic acid. RR, risk ratio. CI, confidence interval

(Begg’s rank correlation test: p = 0.63 and Egger’s linear
regression test: 0.199). The certainty of evidence was
judged as high for thrombotic events but moderate for
seizures due to imprecision (Table 2).
Sensitivity and subgroup analysis with thrombotic events

In sensitivity and subgroup analysis, we did not find any
increase in thrombotic events in trauma (0.89 [0.69–
1.17]), obstetrics and gynecology (0.81 [0.53–1.26]),
cardiac surgery (0.92 [0.81–1.05]), orthopedic surgery
(0.98 [0.80–1.21]) (Fig. 3A; Additional file 2: Figure S5).
However, the risk of thrombotic events appeared higher
in the TXA group than in the control group in spontaneous (non-traumatic) intracranial hemorrhage (1.33
[1.09–1.63]) (Fig. 3A). In a dose-by-dose sensitivity analysis, thrombotic events were not increased in patients
receiving 2 g/day of TXA or less (≤ 2 g/day: 0.94 [0.84–
1.05]) (Fig. 3A; Additional file 2: Figure S6). There was
uncertainty on thrombotic events in patients receiving
more than 2 g/day of TXA (> 2 g/day: 1.18 [0.98–1.43]).
Meta-regression analysis showed there was no statistically significant association between higher dose of
TXA and increased risk of thrombotic events (p = 0.122)
(Fig. 4A). The results were similar to primary analysis,
when the analyses were restricted to trials with low risk
of bias (0.98 [0.90–1.06]) and sample size over 500 (0.96
[0.85–1.07]) (Fig. 3A). Of trials conducted in children,
one patient had a thrombotic event in the TXA group,
compared to none in the placebo group (Additional file 2:
Figure S7).
Sensitivity and subgroup analysis with seizures

In a per disease analysis, the risk of seizures was higher
in the TXA group than in the control group in cardiac
surgery (4.20 [1.56–11.32]) and gastrointestinal hemorrhage (1.73 [1.03–2.93]) (Fig. 3B; Additional file 2: Figure
S8). In a dose-by-dose analysis, there was an observed
increase in seizures in patients receiving more than 2 g/

day of TXA (> 2 g/day: 3.05 [1.01–9.20]). Meanwhile, we
found no increase in seizures in patients receiving 2 g/
day of TXA or less (≤ 2 g/day: 1.02 [0.88–1.19]) (Fig. 3B;
Additional file 2: Figure S9). Meta-regression analysis
showed relative increase for seizures to be proportional
to the magnitude of the TXA dose increase (p = 0.011)
(Fig. 4B). There were no seizures reported in trials in children (Additional file 2: Figure S10).
Venous thromboembolism, acute coronary syndrome
and stroke stratified by underlying disease

We also performed sensitivity analysis for separately evaluating venous thromboembolism, acute coronary syndrome and stroke stratified by underlying disease (Fig. 5).
The risk of venous thromboembolism was higher in TXA
group than control group in gastrointestinal hemorrhage (1.89 [1.21–2.96]) (Fig. 5; Additional file 2: Figure
S11). In other study populations, we found no increase in
venous thromboembolism. We found no evidence TXA
increased the risk of acute coronary syndrome in trauma,
obstetrics and gynecology, cardiac surgery, orthopedic
surgery and gastrointestinal hemorrhage (Fig. 5; Additional file 2: Figure S12). The risk of stroke appeared
higher in the TXA group than in the control group in
patients with intracranial hemorrhage (1.40 [1.05–1.86])
(Fig. 5; Additional file 2: Figure S13).

Discussion
Summary of main results

In this systematic review and meta-analysis, intravenous tranexamic acid administration did not appear
to increase the risk of thrombotic events and seizures
in bleeding patients. In per disease analysis, the risk of
thrombotic events and stroke was higher in the TXA
group than control in intracranial hemorrhage. With
regard to seizures, its risk was increased in cardiac surgery and gastrointestinal hemorrhage, and those increase
probably came from higher dose of TXA use. In view of

Randomized
trials

Randomized
trials

Randomized
trials

Randomized
trials

Not
serious

Not serious

Not serious

Not serious

Not
serious

Not serious

Not seriousb

Not serious

Not
serious

Not serious

Not serious

Not serious

Not
serious

Not
serious

Seriousa

Not
serious

None

None

None

None

349/21709
(1.6%)

55/8642
(0.6%)

404/30351
(1.3%)

1342/52103
(2.5%)

327/21181
(1.5%)

24/8666
(0.3%)

351/29847
(1.1%)

1278/50211
(2.5%)

Control

GRADE, grading of recommendations, assessment, development and evaluation. TXA, tranexamic acid. RR, risk ratio. CI, confidence interval

b. Although there observed no inconsistency (I2 = 34%), clinical heterogeneity was suspected and further analysis was performed according to TXA dose

a. Confidence interval includes effects suggesting benefit as well as no effect (downgraded by 1 level for imprecision)

33

Seizures (dose ≤ 2 g/day)

7

Seizures (dose > 2 g/day)

40

Seizures

230

Thrombotic events

Indirectness Imprecision Other
considerations

TXA

Risk of bias Inconsistency

No. of
studies

Study
design

No. of patients

Certainty assessment

Table 2 GRADE evidence profile: TXA for bleeding patients
Absolute
(95% CI)

Certainty

CRITICAL

Importance

RR 1.02
0 more per
⨁⨁⨁⨁
(0.88 to 1.19) 1000
HIGH
(from 2 fewer
to 3 more)

RR 3.05
6 more per
⨁⨁⨁⨁
(1.01 to 9.20) 1000
HIGH
(from 0 fewer
to 23 more)

CRITICAL

CRITICAL

RR 1.18
2 more per
⨁⨁⨁◯
CRITICAL
(0.91 to 1.53) 1000
MODERATE
(from 1 fewer
to 6 more)

RR 1.00
0 fewer per
⨁⨁⨁⨁
(0.93 to 1.08) 1000
HIGH
(from 2 fewer
to 2 more)

Relative
(95% CI)

Effect
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A Thrombotic events
Events, No. / total

Favours
TXA

Studies

TXA

Control

RR (95% CI)

Trauma

7

327/17452

341/17036

0.89 (0.69-1.17)

Obstetrics and gynecology

22

37/14075

46/14014

0.81 (0.53-1.26)

Cardiac surgery

45

379/5337

412/4922

0.92 (0.81-1.05)

Orthopaedic surgery

123

192/6123

154/5191

0.98 (0.80-1.21)

Intracranial hemorrhage

9

314/2033

244/2024

1.33 (1.09-1.63)

Gastrointestinal hemorrhage

3

91/6142

76/6170

1.20 (0.89-1.63)

> 2g/day

36

671/10941

642/10856

1.18 (0.98-1.43)

≤ 2g/day

197

671/41175

638/39489

0.94 (0.84-1.05)

Low

127

1157/45700 1154/44657

0.98 (0.90-1.06)

High or unclear

103

185/6403

124/5559

1.24 (1.00-1.54)

13

868/40190

890/39603

0.96 (0.85-1.07)

< 500

217

474/11913

388/10608

1.13 (1.00-1.28)

All

230

1342/52103 1278/50211

Favours
control

Underlying disease

TXA dose

Risk of bias

Sample size
≥ 500

1.00 (0.93-1.08)
0.5

1.0

2.0

B Seizures
Events, No. / total
Studies

TXA

Control

RR (95% CI)

Favours
TXA

Favours
control

Underlying disease
Trauma

3

232/7159

194/6704

1.12 (0.93-1.35)

Obstetrics and gynecology

3

33/12068

44/12027

0.75 (0.48-1.18)

Cardiac surgery

15

22/3291

4/3292

4.20 (1.56-11.32)

Orthopaedic surgery

9

1/353

0/352

2.79 (0.12-67.10)

Intracranial hemorrhage

1

77/1161

85/1164

0.91 (0.67-1.22)

Gastrointestinal hemorrhage

1

38/5994

22/6015

1.73 (1.03-2.93)

> 2g/day

7

55/8642

24/8666

3.05 (1.01-9.20)

≤ 2g/day

33

349/21709

327/21181

1.02 (0.88-1.19)

Low

27

400/27780

349/27300

1.18 (0.90-1.54)

High or unclear

13

4/2571

2/2547

1.47 (0.16-13.57)

8

395/28799

348/28352

1.16 (0.87-1.55)

< 500

32

9/1552

3/1495

2.12 (0.64-7.01)

All

40

404/30351

351/29847

1.18 (0.91-1.53)

TXA dose

Risk of bias

Sample size
≥ 500

0.25

0.5

1.0

2.0

4.0

Fig. 3 Forest plot of A thrombotic events and B seizures stratified subgroup analysis. TXA, tranexamic acid. RR, risk ratio. CI, confidence interval
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B Seizures

-1

log risk ratio
0
1

log risk ratio
0
1

2

2

A Thrombotic events

p=0.011

-1

-2

p=0.122

0

5

10
15
TXA dose (g/day)

20

0

2

4
6
TXA dose (g/day)

8

Fig. 4 Meta-regression plot. Plots show the relation between the log risk ratio of A thrombotic events and B seizures with tranexamic acid and
tranexamic acid dose (g/day). TXA, tranexamic acid

Events, No. / total
Studies

TXA

Control

RR (95% CI)

Favours
TXA

Favours
control

Venous thromboembolism
Trauma

7

191/17452

179/17036

0.99 (0.74-1.31)

Obstetrics and gynecology

22

26/14075

33/14014

0.79 (0.47-1.32)

Cardiac surgery

25

17/3584

19/3477

0.91 (0.48-1.75)

Orthopaedic surgery

121

173/5910

133/5048

1.00 (0.80-1.24)

Intracranial hemorrhage

8

70/1779

58/1773

1.15 (0.82-1.62)

Gastrointestinal hemorrhage

3

54/6142

28/6170

1.89 (1.21-2.96)

All

208

532/50037

454/48447

1.04 (0.92-1.17)

Trauma

5

58/17236

76/16834

0.73 (0.51-1.03)

Obstetrics and gynecology

8

2/10839

3/10769

0.66 (0.11-3.97)

Cardiac surgery

42

314/5101

354/4779

0.90 (0.78-1.04)

Orthopaedic surgery

35

7/1838

8/1543

0.85 (0.34-2.14)

Intracranial hemorrhage

4

13/1239

6/1233

2.02 (0.79-5.18)

Gastrointestinal hemorrhage

2

26/6070

28/6088

1.05 (0.36-3.08)

All
Stroke

107

421/42763

476/41663

0.88 (0.78-1.00)

Trauma

6

119/17345

122/16952

0.91 (0.71-1.17)

Obstetrics and gynecology

8

8/10839

6/10769

1.33 (0.46-3.83)

50/4276

1.02 (0.70-1.50)

Acute coronary syndrome

Cardiac surgery

38

54/4498

Orthopaedic surgery

32

16/1639

11/1427

1.31 (0.63-2.72)

Intracranial hemorrhage

8

229/2013

178/2005

1.40 (1.05-1.86)

Gastrointestinal hemorrhage

2

19/6070

20/6088

0.87 (0.30-2.54)

All

106

446/42924

389/42014

1.12 (0.98-1.27)
0.25

0.5

1.0

2.0

Fig. 5 Forest plot of venous thromboembolism, acute coronary syndrome and stroke: subgroup analysis by underlying disease. TXA, tranexamic
acid. RR, risk ratio. CI, confidence interval

4.0

Murao et al. Crit Care

(2021) 25:380

the evidence, tranexamic can be safely used in bleeding
patients, especially in trauma, obstetrics and gynecology
and orthopedic surgery. There may be a dose-dependent
increase in the risk of seizures.
Mechanism of TXA on thrombotic events and seizures

Although theoretically, TXA might be expected to
increase the risk of thrombotic events due to its antifibrinolytic activity, the present analysis found no evidence
in support of this hypothesis. In the early phase of bleeding in trauma or surgery, early fibrinolysis is triggered by
the release of tissue plasminogen activator and causes
excessive bleeding [28–31]. Subsequently, plasminogen
activator inhibitor-1 level increases and inhibit fibrinolysis [29, 32]. TXA is targeted to modulate early fibrinolysis, and thus it is rational we could not find any increase
in thrombotic events in bleeding patients with hyperfibrinolysis even for TXA use.
TXA-associated seizures are caused by another mechanism. TXA is a competitive antagonist of GABAA in
brain. In in vitro and animal experiment, higher TXA
level in the cerebral spinal fluid, correlated with serum
concentration, was associated with the incidence of seizures [11, 33]. In fact, the results of this meta-analysis
were consistent with the basic research reporting dosedependent increase in the risk of seizures.
Strength of the review

A major strength of this analysis is that the present
meta-analysis included recently published all the available large-scale randomized controlled trials [5, 6, 12,
18–22]. Pooling data from 102,681 patients enrolled in
234 randomized controlled trials of tranexamic acid, our
study included by far more information than any previous meta-analysis that have addressed this issue [4, 7,
13]. Therefore, this meta-analysis would provide greater
evidence regarding safety of tranexamic acid in bleeding
populations. In fact, the certainty of evidence evaluated
by the GRADE approach was high in thrombotic events
with narrow confidence intervals.
Limitation of the review

However, this meta-analysis also has some limitations.
First, all bleeding patients were included in this metaanalysis. Although this significantly increased the pooled
information size, it also introduced clinical heterogeneity. However, we performed detailed pre-planned subgroup analysis according to disease type and dose of
TXA use and some implication was attained with subgroup analysis. Second, although thrombotic events and
seizures did not show any funnel plot asymmetry, there
remains a possibility of reporting bias or publication
bias due to inadequate information of adverse events
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in some trials. However, recently published large-scale
randomized clinical trials that accounted for most of
the weight in this meta-analysis provided detailed data
of adverse events. Third, there might be heterogeneity in the diagnostic accuracy for detecting thrombosis
adverse in the included trials and any inaccuracy may
have biased toward the null of the TXA effects on the
outcomes. Fourth, survivor bias may have influenced the
results because patients who die are not ‘available’ to suffer a thrombotic adverse event. Although this possibility
has not been quantified in individual randomized trials,
we can consider the direction of any such bias. Because
there were fewer deaths with TXA [5, 6], there would be
less opportunity to have a thrombotic event among TXA
treated patients. Therefore, our conclusions about safety
would not be threatened by survivor bias. Fifth, since
there were no available data regarding thrombotic events
by anticoagulated status, we could not assess the use of
antiplatelet/anticoagulant drugs, which are commonly
used in perioperative period and ICU settings, and that
could have affected the incidence of thrombosis.
Agreements and disagreements with other studies
or reviews

In the previous cumulative systematic review and
meta-analysis including surgical bleeding, there was no
observed increase in thromboembolic events such as
stroke, ACS and VTE [4], although harmful effects were
undeniable due to imprecision. Moreover, recent individual patient-data meta-analysis including two large-scale
RCTs [5, 6] reported that vascular occlusive events did
not increase in acute severe bleeding [7], considered as
beneficial population for TXA treatment [34]. As well as
the previous reports, the present study showed that TXA
did not appear to increase thrombotic events in bleeding
populations with high certainty of evidence. On the other
hand, the risk of thrombotic events, especially stroke,
were higher in TXA group than control group in intracranial (non-traumatic) hemorrhage, which was consistent with previous systematic review and meta-analysis
[35, 36]. With regard to the thrombotic risk in females,
tranexamic acid did not appear to increase the risk of
thrombotic events in patients in obstetrics and gynecology trials.
As for seizures, administration of high dose TXA
was associated with increased risk of seizures in cardiac surgery according to previous studies [37, 38]. A
recently published large-scale randomized controlled
trial (HALT-IT) comparing high dose of TXA (4 g/day)
and placebo in gastrointestinal hemorrhage also showed
increased risk of seizures. With totaling this evidence,
the present study demonstrated dose-dependent increase
in seizures with TXA use in bleeding patients. However,

Murao et al. Crit Care

(2021) 25:380

TXA did not appear to increase the risk of seizures when
administered at a dose of 2 g/day or less.

Conclusion
In conclusion, there is no evidence that tranexamic acid
increases the risk of thrombotic events and seizures, and
thus can be safely used in bleeding patients. However,
because there may be dose-dependent increase in the risk
of seizures, the administration of high doses should be
avoided.
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