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Abstract
Background: Tranexamic acid, as a traditional hemostatic agent, is commonly applied in the treatment or
prevention of excessive blood loss. However, the role of tranexamic acid in promoting good clinical
outcomes, reducing mortality, and the risk of experiencing adverse events during the therapeutic process
of aneurysmal subarachnoid hemorrhage remains unclear.

Methods: In strict accordance with the inclusion and exclusion criteria, the Cochrane Library, Embase,
Web of Science, and PubMed were retrieved for randomized-controlled trials (from 1980 to 2021).
Statistical analysis was performed using STATA 16.0 and RevMan 5.3. In addition, the �xed-effect model
(M-H method) and effect size RR (95% CI) were used as a pooled measure to combine the heterogeneous
data. We also performed post hoc sensitivity analysis and subgroup analysis to evaluate each outcome
with low heterogeneity.

Results: Meta-analysis revealed that although tranexamic acid was related to less rebleeding (RR = 0.72;
95% CI 0.59-0.87; P = 0.0008), it might have no effect on good clinical outcome or mortality (RR = 0.98;
95% CI 0.92-1.04; P = 0.51; RR = 1.01; 95% CI 0.88-1.15; P = 0.91). Tranexamic acid was associated with
increased hydrocephalus (RR = 1.13; 95% CI 1.02-1.24; P = 0.02), delayed cerebral ischemia (RR = 1.70;
95% CI 1.34-2.16; P < 0.0001) and seizure (RR = 1.46; 95% CI 1.00-2.14; P = 0.05). The incidence of
thromboembolic complications was identical in both groups (RR = 0.91; 95% CI 0.63-1.31; P = 0.62), and
there were signi�cant drug-related overall adverse events (RR = 1.21; 95% CI 1.11- 1.32; P < 0.0001).

Conclusions: These �ndings indicate that the routine use of TXA is not suggested for patients with
aneurysmal subarachnoid hemorrhage.

Introduction
Aneurysmal subarachnoid hemorrhage (SAH) is a signi�cant cause of death and disability worldwide,
particularly in the relatively young population. Although the case fatality rate dropped by 17% in the last
30 years, the incidence has remained relatively stable at 9 cases per 100,000 patients per year [1]. Due to
the acute onset, approximately 33% of patients died because they did not get to the hospital in time [2].
Numerous studies have shown that rebleeding is closely correlated with the prognosis of patients with
aneurysmal SAH. The earlier the rebleeding occurs, the worse the prognosis will be [3]. Up to one-�fth of
those who survive effective treatment will rebleed, reducing the survival rate by 50% [4]. Tranexamic acid
(TXA) is a hemostatic drug with anti�brinolytic activity, usually applied to prevent or treat ruptured
aneurysm rebleeding. In 2003, a Cochrane review demonstrated that TXA showed a bene�cial effect on
reducing rebleeding but failed to show promising clinical outcomes, possibly because the bene�t was
offset by the increased adverse events caused by cerebral ischemia [5]. In addition, TXA with concomitant
treatment strategies to prevent cerebral ischemia has shown a bene�cial effect on reducing rebleeding;
however, the impact of TXA on favorable clinical outcomes was still obscure [6]. Recently, researchers in a
prospective multicenter randomized controlled trial evaluated the e�cacy of ultra-early TXA on



Page 3/18

aneurysmal SAH through the ULTRA. In this trial, 955 participants came from 8 treatment centers and 16
referring hospitals. The results revealed a slight reduction in mortality but not in rebleeding after
randomization and before treating aneurysms and the improvement of clinical outcome at six months [7].
Some comments suggested that it might be related to increased incidence of hydrocephalus and epilepsy
[8, 9]. Aiming to emphasize relevant therapeutic effects previously ignored due to small samples and to
better focus on adverse events during the disease treatment course, we performed this analysis to assess
the safety and effectiveness of TXA in patients with aneurysmal SAH.

Methods
Search strategy

We conducted comprehensive retrieval of the Cochrane Library, Embase, Web of Science and PubMed
from January 01, 1980, until June 01, 2021, for RCTs investigating the effects of TXA in the treatment of
aneurysmal SAH. With the help of an expert medical librarian, we conducted the search with the following
search terms: “Randomized Controlled Trials,” “aneurysmal subarachnoid hemorrhage,” and “Tranexamic
acid.” The initial search was performed by two researchers (H.D and T.L) independently; the discrepancy
was resolved by consensus (see supplementary appendix for search string).

The systematic reviews and Meta-analyses preferred reporting project (PRISMA) �owchart describes the
steps of the literature retrieval and selection strategy of research (Fig. 1). The protocol for this systematic
review was registered on PROSPERO (CRD42021251142).
Inclusion and exclusion criteria

Meta-analysis and systematic review were selected if the following conditions are met: (1) involved > 25
patients, (2) were studied in patients with aneurysmal SAH, (3) were RCTs, (4) compared the e�cacy of
TXA and matching placebo, and (5) were published from January 1, 1980, to June 01, 2021.

The exclusion criteria were as follows: (1) studies without placebo-controlled information; (2) studies
without relevant prognostic information such as adverse events, good functional outcomes, or mortality;
(3) non-RCTs, such as cohort studies, reviews, or case reports.

Data extraction

According to the inclusion and exclusion criteria, two investigators (H.D and T.L) independently extracted
and analyzed data. Following a standardized extraction method, we extracted information including
study design, year of publication, authors, intervention, length of TXA treatment, time from symptom
onset to treatment, TXA patients/placebo patients, key results, good clinical outcomes, rebleeding,
mortality, hydrocephalus, delayed cerebral ischemia (DCI), thromboembolic complications (TC), seizures.

The primary outcomes were good clinical outcomes, rebleeding, and mortality. The mRS score was
dichotomized into good clinical outcomes (mRS score 0–3 [complete recovery, minimal disability, mild
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disability, moderate disability]) and poor outcomes (mRS score 4–6 [moderately severe disability,
signi�cant disability, death]).

We also used another graded method: poor outcome (death [GOS = 1], vegetative state [GOS = 2] and
signi�cant disability [GOS = 3]), and good clinical outcome (moderate disability [GOS = 4] and complete
recovery [GOS = 5]).

The following adverse events were de�ned as secondary outcomes: hydrocephalus, DCI, TC, seizure. TC
includes pulmonary embolism and deep venous thrombosis.

Statistical analysis

We performed the meta-analysis using STATA 16.0 (StataCorp LP) and RevMan version 5.3 software
(Cochrane Collaboration), and the �xed-effect model (M-H method) and effect size RR (95% CI) was used
as a pooled estimate. Inconsistent index (I2) test, ranging between 0 and 100%, was selected to assess
homogeneity among the studies, and both p ≥ 0.1 and I2 ≤ 50% were considered to be no heterogeneity
among the studies. Two independent reviews assessed the risk of bias for RCTs with the Cochrane risk of
bias tool [10]. Risk of bias tool refers to (A) random sequence generation; (B) allocation concealment; (C)
blinding of participants and personnel; (D) blinding of outcome assessments; (E) incomplete outcome
data addressed; (F) selective outcome reporting; (G) other potential threats, respectively.

We used Harbored test to assess the small study effect of binary outcomes. Publication bias was
evaluated by regression-based Egger’s test. We also performed post-hoc sensitivity analyses and
subgroup analyses for the evaluation of each outcome with low heterogeneity results. Every P-value was
two-tailed, and a P no more than 0.05 was deemed signi�cant.

Results
Description of included studies

By searching the database, we identi�ed 537 studies. After the deletion of duplicates, reviews, and
irrelevant studies, 348 studies were excluded. By evaluating abstracts and titles, 167 records were
excluded. After assessing 22 full-text with the inclusion and exclusion criteria, seven articles were
included in the qualitative synthesis [7, 11–16]. A total of 2917 patients from 7 RCTs were randomly
assigned to TXA treatment (n = 1403) or placebo (n = 1514). Each group included 29 to 480 patients. The
largest RCT population was a multicenter study published in 2021 [7]. Three studies were open-label
RCTs [7, 11, 16], while the remaining four were double-blind RCTs [12–15]. The subjects were all adults.
Time from symptom onset to treatment varied among studies: within 72 hours in 4 trials [11, 13–15],
within 96 hours in 1 trial [12], in the latest trial, TXA was given within 24 hours [7], and another was not
reported [16]. The length of TXA treatment also varied, ranging from 24 hours to 6 weeks. Baseline
characteristics of included trials are summarized in Table 1. Detailed information concerning the risk of
bias was shown in Fig. 2 and Fig. 3.
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Table 1
Characteristics of the included studies

Authors Types Intervention Length

of TXA
treatment

Time
from
symptom
onset to
treatment
(hours)

TXA
patients/
placebo
patients

Key results

René Post

et al,

2021

Open-
label
RCT

TXA/
placebo

24 hours < 24
hours

480/475 TXA did not improve
outcome at 6
months.

Y. Roos

et al,

2000

Double-
blind
RCT

TXA/
placebo

3 weeks < 96
hours

229/233 TXA did not improve
outcome and
increase ischemic
events, although it
reduced rebleeding.

Hillman

et al,

2002

Open-
label
RCT

TXA/
placebo

< 72
hours

< 72
hours

254/251 TXA did not increase
risk of ischemic
manifestations or
vasospasm

Vermeulen

et al,

1984

Double-
blind
RCT

TXA/
placebo

4 weeks < 72
hours

241/238 TXA signi�cantly
increased the risk of
cerebral ischemia
and rebleeding, it
showed no effect on
mortality, clinical
outcomes and
hydrocephalus.

Fodstad

et al,

1981

Open-
label
RCT

TXA/
placebo

6 weeks NR 30/29 TXA was associated
increased cerebral
infarction and
decreased
hydrocephalus.

Eelco

et al,

1989

Double-
blind
RCT

TXA/
placebo

4 days < 72
hours

119/238 TXA did not reduce
the rebleeding but
still increased the
incidence of cerebral
infarction.

Tsementzis

et al,

1990

Double-
blind
RCT

TXA/
placebo

4 weeks < 72
hours

50/50 TXA signi�cantly
increased ischemic
complications but
had no effect on
mortality, outcome,
and rebleeding.

Primary outcomes
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All the RCTs have clari�ed the incidence of rebleeding explicitly; the forest plot for rebleeding is shown in
Fig. S1A. Of 1403 patients who have received TXA, the incidence of rebleeding was 11.5% (162/1403),
while for the placebo group, the rate was up to 19.9% (309/1514). The rate of rebleeding was signi�cantly
different between the two groups (RR = 0.60; 95% CI 0.51–0.71; P < 0.00001; Fig. S1A). Six studies
reported good clinical outcomes concerning the e�cacy of TXA in treating aneurysmal SAH, and no
signi�cant difference was found (RR = 0.98; 95% CI 0.92–1.04; P = 0.51; Fig. S1B). Six in seven RCTs have
recorded the death of subjects from any cause, and a forest plot was drawn to show the results (Fig.
S1C).In the placebo group, the number of dead was 356 (27.8%), whereas, in the TXA-treated group, the
number was only 325 (27.7%). Pooled analysis revealed that mortality appeared to be unaffected by TXA
(RR = 1.03; 95% CI 0.91–1.17; P = 0.63; Fig. S1C).

Secondary outcomes

Pooled results demonstrated an increased risk of hydrocephalus (RR = 1.13; 95% CI 1.02–1.24; P = 0.02;
Fig. S2A), DCI (RR = 1.21; 95% CI 1.05–1.39; P = 0.01; Fig. S2B), and seizure (RR = 1.46; 95% CI 1.00-2.14;
P = 0.05; Fig.S2D). However, there was no evidence that TXA had an in�uence on TC (RR = 0.79; 95% CI
0.56–1.12; P = 0.18; Fig. S2C).There was signi�cant drug related overall adverse events (RR = 1.14; 95% CI
1.06–1.24; P = 0.0009; Fig. S2).

Subgroup analysis for RCTs with low heterogeneity

In this pooled analysis with low heterogeneity, part of the studies was excluded due to a higher
heterogeneity. Meta-analysis indicated that TXA was related to decreased rebleeding (RR = 0.72; 95% CI
0.59–0.87; P = 0.0008; Fig. 1A), increased hydrocephalus (RR = 1.13; 95% CI 1.02–1.24; P = 0.02; Fig. 2A),
DCI (RR = 1.70; 95% CI 1.34–2.16; P < 0.0001; Fig. 2B) and Seizure (RR = 1.46; 95% CI 1.00-2.14; P = 0.05;
Fig. 2D). The good clinical outcome and mortality was similar in both groups (RR = 0.98; 95% CI 0.92–
1.04; P = 0.51; Fig. 1B; RR = 1.01; 95% CI 0.88–1.15; P = 0.91; Fig. 1C). The risk for TC was similar in
groups treated with placebo and TXA respectively (RR = 0.91; 95% CI 0.63–1.31; P = 0.62; Fig. 2C). TXA
was associated with increased overall adverse events (RR = 1.21; 95% CI 1.11–1.32; P < 0.0001; Fig. 2).
No signi�cant results were observed with primary and secondary outcomes when tested with Harbord’s
regression test and Egger’s regression test (Table 2).
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Table 2
Summary of Meta-analysis

Outcomes Model (95% CI), P-value Heterogeneity
(I2), P-value

Harbord’s Test,
Egger’s Test

NO. of
Studies

Rebleeding Fixed
(RR)

0.60 [0.51,0.71], <
0.00001

62%, 0.02 0.829, 0.719 7

Good Clinical
Outcomes

Fixed
(RR)

0.98 [0.92,1.04],
0.51

0%, 0.60 0.779, 0.781 6

Mortality Fixed
(RR)

1.03 [0.91,1.17],
0.63

12%, 0.34 0.320, 0.313 6

Hydrocephalus Fixed
(RR)

1.13 [1.02,1.24],
0.02

0%, 0.61 0.554, 0.534 6

DCI Fixed
(RR)

1.21 [1.05,1.39],
0.01

60%, 0.02 0.016, 0017 7

TC Fixed
(RR)

0.79 [0.56,1.12],
0.18

28%, 0.24 0.348, 0.190 4

Seizure Fixed
(RR)

1.46 [1.00,2.14],
0.05

NA NA 1

Pooled analysis with low heterogeneity

Rebleeding a Fixed
(RR)

0.72 [0.59,0.87],
0.0008

0%, 0.51 0.324, 0.338 5

Good Clinical
Outcomes

Fixed
(RR)

0.98 [0.92,1.04],
0.51

0%, 0.60 0.779, 0.781 6

Mortality b Fixed
(RR)

1.01 [0.88,1.15],
0.91

0%, 0.51 0.892, 0.886 5

Hydrocephalus Fixed
(RR)

1.13 [1.02,1.24],
0.02

0%, 0.61 0.554, 0.534 6

DCI c Fixed
(RR)

1.70 [1.34,2.16], <
0.0001

0%, 0.84 0.855, 0.810 5

TC d Fixed
(RR)

0.91 [0.63,1.31],
0.62

0%, 0.73 0.858,0.855 3

Seizure Fixed
(RR)

1.46 [1.00,2.14],
0.05

NA NA 1

CI Con�dence Interval DCI Delayed Cerebral Ischaemia TC Thromboembolic Complications NA not
applicable

a indicated Hillman et al. and Vermeule et al. were excluded. b indicated Tsementzis et al. was
excluded. c indicates René Post et al. and Y. Roos et al were excluded. d indicated Eelco et al. were
excluded.
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Discussion
Our study provides a comprehensive description of the e�cacy and safety of TXA in the treatment of
patients with aneurysmal SAH. Although previous studies have also focused on this topic, the largest
randomized controlled trials and the ULTRA trials were not included. Our results indicate that TXA may
have an important in�uence on rebleeding in patients with aneurysmal SAH, but the effect on good
clinical outcomes and mortality is uncertain. The prevalence rates of adverse events among aneurysmal
SAH patients showed a signi�cant difference, except for TC. TXA treatment has shown a tendency to
raise the risk of adverse events, including hydrocephalus, DCI, seizure in the aneurysmal SAH population.
Overall, our study may help acquaint the safety and e�cacy of TXA on aneurysmal SAH.

Rebleeding is one of the leading death factors for intracranial aneurysms patients, with an incidence of
10–22%; the onset would appear in the �rst 24 h with a peak reaching after the �rst 3–6 h of the
occurrence [17, 18]. Many RCTs have shown that TXA treatment could considerably decrease the risk of
recurrent hemorrhage [11–13, 15, 16], and the curative effect is closely related to its pharmacological
action [19, 20]. Generally, TXA could exert function through the inhibition of �brinogenase activity [21, 22].
Nevertheless, in the recent publication of the ULTRA, the occurrence of recurrent hemorrhage after
randomization and before aneurysm treatment in the TXA and control group did not show any statistical
difference, perhaps because half of the rebleeding occurred within 3 hours. In this trial, the median
interval from the occurrence of symptoms to treatment was 3 hours, a considerable proportion of
rebleeds had occurred. It also might attribute to the timing of treatment to aneurysm, which was
suggested to be within 24 hours, as early as possible [23]. The average time from the diagnosis of the
aneurysm to treatment in this trial was 14 hours. This early aneurysm treatment may be more critical
than TXA in reducing rebleeding compared to previous trials.

The e�cacy of TXA in reducing rebleeding has been proven, and studies also reported that TXA might
have anti-in�ammatory and healing effects [24, 25]. Numerous studies have shown that TAX could
reduce pathological injury in traumatic brain injury by modulating the immune environment in vivo. A
recent study in a mouse model of cerebral hemorrhage found that immediate administration of high
doses (100 mg/kg) of TXA suppressed the in�ammatory response to Th1 in severely shocked mice, as
evidenced by signi�cant reductions in interleukin-6 and tumor necrosis factor-α levels [25]. It has also
been reported that TXA reduced TNF-α levels and reduced damage and in�ammatory responses in the
small intestine and lung tissue [26]. It is known that IL-6 and TNF-α are essential mediators involved in
infectious diseases, so TXA may play an anti-in�ammatory role and thus regulate the body's immune
response. Theoretically, these polytropic effects might lead to good clinical outcomes, but they did not.
Researchers observed decreased rebleeding in SAH patients with TXA treatment [6, 14, 18]. Conversely,
the combination with chlorpromazine or using higher doses can lead to worse outcomes [16, 27]. In the
ULTRA trial, although TXA was associated with a decrease in the incidence of good clinical outcomes
(mRS 0–2 at 6 months), it did not have a positive effect on good clinical outcomes (mRS 0–3 at 6
months). Fortunately, there was no difference in the all-cause death rate between the two groups, whether
at 30 days or six months [7]. In 2002, Hillman et al. found a signi�cant decrease in rebleeding-related
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mortality with the subjects who received TXA treatment [11]. Nonetheless, the mortality of TXA in
aneurysmal SAH patients was controversial, with con�icting trial results [7, 12–16, 18]. Thus, we
hypothesize that not-prede�ned adverse events, e.g., hydrocephalus or other complications, might have
exerted in�uence on poor outcomes, either alone or in combination.

Whether the harm exceeds the potential bene�ts of TXA remains controversial [5, 6]. The evidence
provided by Ross et al. showed that adverse outcomes caused by cerebral ischemia increased, which
offset the bene�ts [5]. An updated review showed that TXA should not be routinely used to treat
aneurysmal SAH; even in patients who had concomitant treatment strategies to prevent DCI, there is
insu�cient evidence that TXA can reduce the risk of hydrocephalus or cerebral ischemia [6]. Studies have
suggested an increased rate of cerebral infarctions or cerebral ischemia with the use of TXA [28–31].
Therefore, the current European guideline reached no agreement on the usage of TXA with SAH patients
[32].

In contrast, Thorkil et al. observed no difference in risk of ischemic lesions between TXA-treated
nontraumatic SAH group and controls [33]. American guidelines suggested a short-term (< 72 hours) use
of TXA in aneurysmal SAH patients [23]. However, the e�cacy of reducing the risk of rebleeding was
decreased [7, 14]. Hydrocephalus is a common adverse event after aneurysmal SAH [34, 35]. In cases of
clinical deterioration because of acute hydrocephalus, ultra-early treatment might improve clinical
symptoms but increase the risk of a poor prognosis[36, 37]. Mainly because the most common adverse
event after ventricular drainage was rebleeding [38, 39]. In our meta-analysis, the con�dence intervals of
hydrocephalus indicate that TXA exerts potential harm on aneurysmal SAH patients.

Contrary to other RCTs [40–43], Chakroun et al. demonstrated an increased incidence of pulmonary
embolism with the use of TXA in subjects with traumatic brain injury [44]. Another retrospective research
of 687 wounded soldiers showed that TXA did increase the risk of venous thrombosis [45]. In contrast, a
meta-analysis of 30,522 patients in 7 clinical RCTs showed that, despite no statistical difference, the
incidence of vascular occlusion appeared lower with the TXA-treated group when compared with the
control group [46]. Shoji et al. con�rmed that although TC such as deep vein thrombosis and pulmonary
embolism might occur, the probability was relatively low [47]. Our study also did not show any signi�cant
differences in the incidence of TC between the two groups.

The irritative effect of cisternal blood was one of the leading causes of seizures for subarachnoid
hemorrhage patients; rebleeding was also associated with epileptic seizures [48, 49]. However, the
mechanism between TXA and epileptic seizures is still not precise; some studies have suggested that it
might be the direct effect of TXA on the central nervous system; for example, TXA injected into the
cisterna magna or applied to the cortex could cause grand mal epilepsy [49–51]. It also suggested that
TXA could enhance the excitability of the central nervous system by inhibiting Gamma-aminobutyric acid
A receptors [52]. Another study found that TXA was related to a 4.1-fold increase in epileptic seizure risk
in adult cardiac surgery patients compared to controls [53]. Susan et al. reported in 2020 that 2 g TXA
increased the risk of epilepsy by 2.5 times compared with the control group; in subjects with moderate to
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severe traumatic brain injury but without parenchymal bleeding, the risk of epilepsy increased by three
times. However, there was no statistical difference [54]. Only one study reported the incidence of epilepsy;
the study showed a statistically signi�cant difference in epilepsy [7]. Therefore, when TXA is applied, the
occurrence of epilepsy should be vigilant, and the electroencephalogram should be perfected if
necessary.

This meta-analysis has some strengths. First, we comprehensively searched different databases to �nd
likely trials; meanwhile, our study provides a comprehensive overview to �gure out the e�cacy and safety
of TXA administration in aneurysmal SAH subjects. Second, through analyzing the data of all the
included RCTs on rebleeding, good clinical outcomes, mortality, DCI, we further investigated whether the
usage of TXA is related to increased incidences of seizures and hydrocephalus. Third, a sensitivity
analysis was performed to carry out subgroup analysis for RCTs.

Our study also has some limitations. Due to the length of TXA treatment, the intervention dose, the time
from the onset of symptoms to treatment and the severity of the disease, our extensive inclusion criteria
have led to population heterogeneity, which may lead to potential deviations in the evaluation of e�cacy
and safety of TXA. Coupled with the overrepresentation of the ULTRA trial study population as it
represents nearly one-third of the included population in our meta-analysis. Furthermore, different
prognostic indicators were used (mRS, GOS), there was relative uncertainty regarding all the estimates.

Conclusion
TXA can reduce rebleeding but has a similar effect on good clinical outcomes and mortality in
aneurysmal SAH patients. Meanwhile, this treatment conveys an increased risk of hydrocephalus, seizure,
and DCI, limiting its usage in clinical events, but the incidence of TC was identical in both TXA and
placebo groups. These �ndings indicate that it is not recommended for routine use of TXA in patients
with aneurysmal SAH.
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Figure 1

Literature search and study selection strategy.
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Figure 2

Forest plot comparing the rebleeding(A), good clinical outcomes(B), and all-cause mortality (C) between
the TXA and placebo groups.
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Figure 3

Forest plot of the meta-analysis of adverse events between TXA and placebo. A, B, D demonstrated a
higher incidence, including hydrocephalus, delayed cerebral ischemia, and seizure. C showed
thromboembolic complications were similar in both groups.
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