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Taicang, Suzhou, China

Background: In recent decades, tranexamic acid (TXA) antifiorinolytic therapy before
aneurysm clipping or embolization has been widely reported, but its safety and efficacy
remain controversial. This meta-analysis evaluated the efficacy and safety of TXA
therapy in aneurysmal subarachnoid hemorrhage (@SAH) patients, aiming to improve the
evidence-based medical knowledge of treatment options for such patients.

Methods: Pubmed, Web of Science, and Cochrane Library databases were searched
up to 1 March 2021 for randomized controlled trials (RCTs). We extracted safety and
efficacy outcomes and performed a meta-analysis using the Review Manager software.
We performed two group analyses of TXA duration and daily dose.

Results: Ten RCT studies, enrolling a total of 2,810 participants (1,410 with and 1,400
without TXA therapy), matched the selection criteria. In the TXA duration group: TXA did
not reduce overall mortality during the follow-up period [RR 1.00 (95% CI10.81-1.22)]. The
overall rebleeding rate in the TXA group was 0.53 times that of the control group, which
was statistically significant [RR 0.53 (95% CI 0.39-0.71)]. However, an RR of 0.43 was
not statistically significant in the subgroup analysis of short-term therapy [RR 0.43 (95%
Cl 0.13-1.39)]. The overall incidence of hydrocephalus was significantly higher in the TXA
group than in the control group [RR 1.13 (95% CI 1.02-1.24)]. However, the trend was not
statistically significant in the subgroup analysis [short-term: RR 1.10 (95% CI 0.99-1.23);
long-term: RR 1.22 (95% CI 0.99-1.50)]. Treatment with TXA did not cause significant
delayed cerebral ischemia [RR 1.18 (95% CI 0.89-1.56)], and its subgroup analysis
showed an opposite and insignificant effect [short-term: RR 0.99 (95% CI 0.79-1.25);
long-term: RR 1.38 (95% CI 0.86-2.21)]. Results in the daily dose group were consistent
with those in the TXA duration group.

Conclusions: Tranexamic acid does not reduce overall mortality in
patients with aSAH, nor does it increase the incidence of delayed cerebral
ischemia. Tranexamic acid in treating aSAH can reduce the incidence of
rebleeding. However, there is no statisticalsignificance in the ultra-early short-
term and low daily dose TXA therapy, which may be due to the lack of
relevant studies, and more RCT experiments are needed for further study.
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record.asp? PROSPERO, identifier: 244079.
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INTRODUCTION

Aneurysm subarachnoid hemorrhage (aSAH) accounts for 5%
of all strokes and has an incidence of 7.9 per 100,000 person-
years (1). The case fatality rate is ~35% due to initial hemorrhage
or subsequent complications. Only 25% of the survivors have
a good prognosis (2). In recent decades, tranexamic acid
(TXA) antifibrinolytic therapy before aneurysm clipping or
embolization has been widely reported, but its safety and efficacy
remain controversial (3-6).

Rebleeding from the ruptured aneurysm increases the risk of
poor outcomes and all-cause mortality (7). TXA can eliminate
fibrinolysis in patients with SAH (8). At the end of the
last century, many clinical studies on randomized controlled
trials (RCTs) reported that TXA could significantly reduce the
incidence of rebleeding in aSAH patients (5, 6, 9-11). Due to the
conditions, they could not use TXA in the ultra-early stage for
all patients. Moreover, simultaneously, those RCTs were mainly
through the long-term (throughout the entire hospitalization)
use of TXA. Although long-term antifibrinolytic therapy showed
a reduction in rebleeding, the positive clinical outcome was
negated by a concomitant rise in delayed cerebral ischemia
(DCI) (4). However, most of all rebleeding in aSAH occur
within the first 24h (12). In 2002, Hillman J et al. found it by
using TXA ultra-early (within 24h) and for short-term (up to
72h), a significant reduction in the rebleeding rate from 10.8
to 2.4% and an 80% reduction in the mortality rate from early
rebleeding, without increasing the incidence of delayed ischemic
neurological deficits (5). Unfortunately, it did not effectively
improve overall mortality or clinical outcomes at 6 months (5).

With the development of diagnostic, therapeutic techniques,
and materials, patients with aSAH are identified earlier and
treated more successfully. Post et al.’s study, just published in
2021, had the most significant number of participants compared
to any other study (13). From onset to first hospital contact for
aSAH patients, the time was only 1.5h, compared with more
than 4h in other trials (5, 6). They used the minimum daily
dose of TXA (<4 g/d) for up to 24h, greatly reducing the
effects of delayed cerebral ischemia due to TXA. They noted
that TXA might not significantly improve the incidence rate
of rebleeding or better patient outcomes. These results were
somewhat controversial with previous studies. Thus we produced
this meta-analysis to evaluate the efficacy and safety of TXA
therapy in aSAH patients.

METHODS
Search Strategy

This meta-analysis was performed using the methodology
recommended by the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines. Two

investigators independently conducted a systematic literature
search through 1 March 2021 in the following databases:
PubMed, Web of Science, and Cochrane Library. The terms used
were “tranexamic acid” AND “subarachnoid hemorrhage OR
intracranial aneurysm.” No language limitation was imposed in
this study. The citations of identified articles were also filtered for
additional studies.

Selection Criteria

Studies meeting all the following inclusion criteria were
considered eligible: (1) Patients participating in the trial were
diagnosed with aSAH. (2) Patients in the treatment group
received TXA treatment and conventional treatment. (3) The
control group received conventional treatment without TXA. (4)
Total mortality or good outcome probability and complications
were reported. (5) It has to be an RCT study; the study quality
needs to be high enough, meaning a Jadad score of 3-5 (ranging
from 0 to 5) (14).

Studies need to be excluded: (1) Patients with traumatic SAH
or spontaneous intracranial hemorrhage due to hypertension,
arteriovenous malformation, and other causes. (2) TXA and
placebo were not strictly prescribed in the treatment and control
groups. (3) The study did not report primary or secondary
outcomes or complications. (4) Not an RCT study or a Jadad
score <3.

Outcomes

The primary efficacy analysis was total mortality at the end of
follow-up. The secondary efficacy endpoint was good outcome
probability. The score of the modified Rankin Scale <3
was defined as a good outcome (15). Adverse events were
used to assess the safety endpoints. Serious adverse events
were defined as: rebleeding, hydrocephalus, and DCI during
hospital admission.

Data Collection

The essential information was extracted carefully and
independently from each included study by two investigators: the
first author’s name, year of publication, country of research, the
age range of participants, number of participants (with/without
TXA), the latest time to use TXA, maximum duration
usage of TXA, number of mortality, number of a good
outcome and adverse events. We resolved any disagreement
through discussion.

Subgroup Analysis

We performed two group analyses of TXA duration and daily
dose. The inclusion criteria for each group were as follows: (i)
TXA duration group: (a) short-term TXA therapy: the treatment
was administered immediately after diagnosing an aSAH and was
pursued no longer than 72h; (b) long-term TXA therapy: the
treatment duration exceeding 72 h. (ii) TXA daily dose group: (a)
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low daily dose: TXA dose <4 g/d (grams per day); (b) high daily
dose: TXA dose >6 g/d. According to this criterion, because of
the TXA daily dose variation (6 g/d in the first week, 4 g/d in
second to fifth weeks, 3 g/d in the sixth week), Fodstad H’s study
could not be included in any subgroup (10).

Risk of Bias

The risk of bias plot was evaluated based on the Review Manager
5.4.1 software for each study. The unified standard of the
Cochrane Collaboration was applied to assess the risk of bias of
RCTs, which included: selection bias, performance bias, detection
bias, attrition bias, reporting bias, and other biases.

Statistical Analysis

Review Manager 5.4.1 software was used to conduct the analysis.
Forest plot was performed by the pooled relative risks (RRs) with
their 95% confidence intervals (CIs). Cochrane’s Q-test and I?
were used to evaluate the statistical heterogeneity of the pooled
results. The heterogeneity was considered to be significant when
p < 0.05 (16). The I? test with results ranging from 0 to 100% (I
< 25%, low heterogeneity; I? = 25-50%, medium heterogeneity;
I? > 50%, high heterogeneity) was used to estimate the extent of
heterogeneity better (17). The random-effects model was used to
pool RRs in this meta-analysis.

RESULTS

Literature Selection

Figure 1 shows the PRISMA flow diagram of study selection. The
search strategy identified 206 relevant articles screened in the
PubMed, Web of Science, and Cochrane Library databases. We
excluded 106 unrelated themes and had 100 articles for detailed
evaluation. A total of 90 studies were excluded after further
reading the full text. Twenty-one meta-analyses or reviews were
excluded directly. Thirteen studies were comments or letters, one
study was a case report, three were protocol articles, and six were
abstract or meeting articles. Eight studies were excluded because
of trial or data duplication (18-26). The remaining 6 studies were
excluded due to indirectly controlled trials of TXA or lack of
valuable data. Thus, a total of 10 studies were included in this
meta-analysis (5, 6, 9-11, 13, 21, 27-29).

Baseline Characteristics

The characteristics of the 10 included studies are shown in
Table 1. There were 2,810 participants (1,410 with and 1,400
without TXA therapy) in the 10 studies. Patients in the study
ranged in age from 15 to 73. Most of the researches were done
in Europe, just one in Indonesia. Two studies were conducted
on short-term treatment with TXA for subsequent subgroup
analysis (5, 13). Earlier studies focused on a long-term therapy,
up to 6 weeks. Table 2 shows detailed statistical information,

Records identified through
database searching
(n=544)

Addition records through
other source

(n=0)

(n=206)

Records after duplicates removed

(n=206)

Records screened

Records exclude for not
directly relevant
(n=106)

(n=100)

Full-text articles assessed for eligibility

Records excluded:

8 duplicate studies,

32 non-RCT studies.
21 meta-analysis and reviews,

(n=10)

Studies included in qualitative synthesis

13 comments and letters,
1 case report.

3 protocols,

6 abstracts and meetings.

6 others
(n=90)

(meta-analysis)
(n=10)

Studies included in quantitative synthesis

[ Included ][ Eligibility ][ Screening ][Identiﬁcation]

FIGURE 1 | PRISMA flowchart detailing data screening and extraction PRISMA Preferred Reporting Items.
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TABLE 1 | Characteristics of included studies.

References Country of Study period Number of participants (male) Age TXA dose Treatment Maximum Jadad
research (years) admission duration score
TXA Control time of TXA
Post et al. (13) The Netherlands July 24, 2013 to July 29, 480 (148) 475 (163) >18 <4 g/d Within 24h 24h 4
2019
Hillman et al. (5) Sweden September 1997 to March 254 (88) 251 (87) >15 4 g/d Within 48h 72h 3
2000
Roos (6) The Netherlands before December 31,1997 229 (89) 233 (72) >18 6 g/d Within 96h 3 weeks
Tsementzis et al. (21)  U.K. February 1982 to 50 (20) 50 (26) 18-67 9g/d Within 72h 4 weeks
September 1983
Vermeulen et al. (9) The Netherlands November 1977 to 241 (95) 238 (94) NA 6 g/d Within 72h 4 weeks 5
and UK. December 31 1982
Fodstad (10) Sweden 1972 to 1978 53 (NA) 52 (NA) 19-73 69/, (1 Within 72h 6 weeks 3
week)
4 g/d, (2-5
weeks)
3g/d, (6
week)
Kaste and Ramsay (27) Finland Before 1979 (NA) 32 (16) 32 (14) 11-60 6 g/d Within 72h 3 weeks
Maurice-Wiliams (28)  U.K. September 1974 to May 25 (NA) 25 (NA) <65 6 g/d Within 96h 6 weeks
1977
Chandra (11) Indonesia January 1, 1974 to January 20 (11) 19 (10) 20-65 6 g/d Within 72h 3 weeks 4
1,1976
van Rossum et al. (29) The Netherlands November 1973 to 26 (NA) 25 (NA) NA 4 g/d Within 2 2 weeks 5
November 1975 weeks
U.K., the United Kingdom; NA, not applicable; H, hours.
TABLE 2 | Statistical information of included studies.
No. of mortality No. of good No. of No. of No. of delayed
(total) outcome (total) rebleeding (total) hydrocephalus cerebral
(total) ischemia (total)
References TXA Control TXA Control TXA Control TXA Control TXA Control
Post et al. (13) 128 (480) 114 (475) 229 (480) 262 (475) 42 (480) 57 (475) 292 (480) 262 (475) 108 (480) 106 (475)
Hillman et al. (5) 33 (254) 41 (251) 190 (254) 177 (251) 6 (254) 27 (251) 30 (254) 27 (251) 10 (254) 12 (251)
Roos (6) NA NA 115 (229) 128 (233) 44 (229) 77 (233) 71 (229) 62 (233) 68 (229) 74 (233)
Tsementzis et al. (21) 19 (50) 14 (50) 27 (50) 30 (50) NA NA 19 (50) 15 (50) 22 (50) 11 (50)
Vermeulen et al. (9) 84 (241) 89 (238) 127 (241) 126 (238) 21 (241) 56 (238) 35 (241) 29 (238) 59 (241) 36 (238)
Fodstad (10) 13 (53) 10 (52) NA NA 7 (63) 16 (562) NA NA NA NA
Kaste and Ramsay (27) 4 (32) 4(32) NA NA 7(32) 6 (32) 15 (32) 8(32) NA NA
Maurice-Wiliams (28) 3(25) 11 (25) 22 (25) 14 (25) 6 (25) 14 (25) 4 (25) 7 (25) NA NA
Chandra (11) 1(20) 5(19) NA NA 1(20) 4(19) NA NA NA NA
van Rossum et al. (29) 15 (26) 11 (25) NA NA 5 (26) 4 (25) NA NA NA NA

No., number; NA, not applicable.

including the number of deaths, good outcomes, rebleeding,
hydrocephalus, and DCL

Efficacy Endpoints

Mortality

i) TXA duration group: Nine studies reported mortality during
the follow-up period (5, 9-11, 13, 21, 27-29). There was no
significant difference in overall mortality, with a RR of 1.00

between the TXA and control groups [RR 1.00 (95% CI 0.81-
1.22), I* = 35%; Figure 2]. Again, no significant difference was
found in the subgroup analysis of the duration to treatment
[short-term: RR 0.99 (95% CI 0.72-1.35), I> = 47%; long-term:
RR 0.99 (95% CI 0.70-1.38), I? = 42%; Figure 2].

ii) TXA daily dose group: Overall, eight studies that presented
mortality during follow-up were included (5, 9, 11, 13,
21, 27-29). Similarly, there was no significant difference
in overall mortality, with an RR of 0.97 [RR 0.97 (95%
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TXA Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% CI
Short-term
PostR. 2021 128 480 114 475 26.9% 1.11[0.89, 1.38]
Hillman, J. 2002 33 254 41 251 147% 0.80[0.52,1.22)
Subtotal (95% CI) 734 726 41.6% 0.99 [0.72,1.35]
Total events 161 155

Heterogeneity: Tau®=0.03; Chi*=1.90,df=1 (P=017); F=47%
Test for overall effect: Z= 0.07 (P = 0.95)

Long-term
Tsementzis, S.A. 1990 19 50 14 50 9.8% 1.36 [0.77, 2.40) N
Vermeulen, M. 1984 84 241 89 238 255% 0.93[0.73,1.18) -
Fodstad, H. 1980 13 53 10 52 6.6% 1.28 [0.61, 2.65)  E
Kaste, M. 1979 4 32 4 32 2.4% 1.00[0.27, 3.66) )
Maurice-Williams, R.S. 1978 3 25 11 25 3.0% 0.27 [0.08, 0.86) -
Chandra, B. 1978 1 20 5 19 1.0% 0.19[0.02,1.48)
van Rossum, J. 1977 15 26 11 25 10.3% 1.31 [0.76, 2.28) I
Subtotal (95% Cl) 447 441 58.4% 0.99 [0.70, 1.38] <&
Total events 139 144

Heterogeneity: Tau*= 0.07; Chi*=10.35,df=6 (P=0.11); F= 42%
Test for overall effect: Z=0.08 (P = 0.94)

Total (95% Cl) 1181 1167 100.0% 1.00 [0.81, 1.22] 2

Total events 300 299

Heterogeneity: Tau®= 0.03; Chi*=12.29, df= 8 (P = 0.14); F= 35% D 55 0=2 5 2:0
Test for overall effect. Z=0.04 (P =0.97) ’ ! TXA Control

Testfor subaroun differences: Chi*=0.00. df=1 (P=0.99). F=0%

FIGURE 2 | Forest plot of comparison in mortality. Cl, confidence interval; df, degrees of freedom; TXA, tranexamic acid; M-H, Mantel-Haenszel.

TXA Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI

Short-term
Post,R. 2021 229 480 262 475 226% 0.86 [0.76, 0.99] il
Hillman, J. 2002 180 254 177 251 241% 1.06 [0.95,1.18)] ;
Subtotal (95% ClI) 734 726 46.8% 0.96 [0.78, 1.18]
Total events 419 439
Heterogeneity: Tau®= 0.02; Chi*= 6.46, df=1 (P = 0.01); F=85%
Test for overall effect: Z=0.38 (P = 0.70)

Long-term
Roos, Y 2000 115 229 128 233 18.3% 0.91[0.77,1.09) T
Tsementzis, S.A. 1990 27 50 30 50  87% 0.90[0.64,1.27) .
Yermeulen, M. 1984 127 241 126 238 18.7% 1.00[0.84,1.18) =
Maurice-Williams, R.S. 1978 22 25 14 25 7.5% 1.57[1.08, 2.29] -
Subtotal (95% ClI) 545 546 53.2% 1.02[0.85, 1.23] <
Total events 291 298
Heterogeneity: Tau®*= 0.02; Chi*=6.95, df=3 (P=0.07); F=57%
Test for overall effect: Z=0.23 (P=0.82)
Total (95% Cl) 1279 1272 100.0% 0.99 [0.88, 1.11] L 2
Total events 710 737
Heterogeneity: Tau®= 0.01; Chi*= 13.34, df= 5 (P = 0.02); F= 63% 052 0?5 2 5
Test for overall effect: Z=0.18 (P = 0.86) TXA Control

Testfor subaroun differences: Chi*=0.19. df=1 (P = 0.66). F=0%

FIGURE 3 | Forest plot of comparison in a good outcome. Cl, confidence interval; df, degrees of freedom; TXA, tranexamic acid; M-H, Mantel-Haenszel.

CI 0.78-1.22), I*> = 41%; Supplementary Figure1]. No ~Good Outcome
significant results were found in subgroup analysis of daily i) TXA duration group: Six studies provided data on good

dose [low daily dose: RR 1.05 (95% CI 0.84-1.32), > = 21%; outcome (5, 6, 9, 13, 21, 28). The pooled overall good outcome
high daily dose: RR 0.81 (95% CI 0.49-1.35), I> = 42%; of these six studies was not significantly improved [RR 0.99
Supplementary Figure 1]. (95% CI 0.88-1.11), I*> = 63%; Figure 3]. In the subgroup
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TXA Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% CI
Short-term
PostR. 2021 42 480 57 475 19.7% 0.73[0.50, 1.086) ]
Hillman, J. 2002 6 254 27 251 8.4% 0.22[0.08, 0.52) -
Subtotal (95% CI) 734 726 28.2% 0.43[0.13,1.39] -
Total events 48 84

Heterogeneity: Tau*= 0.62; Chi*=6.31,df=1 (P=0.01); F=84%
Test for overall effect: Z=1.41 (P=0.16)

Long-term
Roos, Y 2000 44 229 77233 21.6% 0.58[0.42, 0.80) sl
Vermeulen, M. 1984 21 241 56 238 16.9% 0.37 [0.23, 0.59) ——
Fodstad, H. 1980 7 53 16 52 9.4% 0.43[0.19, 0.96) — &
Kaste, M. 1979 7 32 B 32 71% 1.17 [0.44, 3.09) -
Maurice-Williams, R.S. 1978 6 25 14 25 9.8% 0.43[0.20, 0.93] —
Chandra, B. 1978 1 20 4 19 1.9% 0.24 [0.03, 1.94) I
van Rossum, J. 1977 5 26 4 25 5.2% 1.20[0.36, 3.97) -1
Subtotal (95% Cl) 626 624 71.8% 0.53[0.39, 0.71] L 2
Total events 91 177

Heterogeneity: Tau*= 0.04; Chi*=8.02, df=6 (P = 0.24), F= 25%
Test for overall effect: Z=4.16 (P < 0.0001)

Total (95% Cl) 1360 1350 100.0% 0.53 [0.39, 0.71] L 2

Total events 139 261

Heterogeneity: Tau®= 0.08; Chi*= 14.70, df= 8 (P = 0.07); F= 46% 0 =01 0}1 110 160
Test for overall effect: Z=4.22 (P < 0.0001) ’ ’ TXA Control

Testfor subaroun differences: Chi*=011.df=1 (P=074.F=0%

FIGURE 4 | Forest plot of comparison in rebleeding. Cl, confidence interval; df, degrees of freedom; TXA, tranexamic acid; M-H, Mantel-Haenszel.

TXA Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random. 95% CI M-H. Random. 95% CI
Short-term
PostR. 2021 292 480 262 475 759% 1.10[0.99, 1.23)
Hillman, J. 2002 30 254 27 291 37% 1.10[0.67,1.79]
Subtotal (95% Cl) 734 726 79.6% 1.10[0.99, 1.23]
Total events 322 289

Heterogeneity: Tau®= 0.00; Chi*=0.00, df=1 (P=0.99), F=0%
Test for overall effect: Z=1.81 (P=0.07)

Long-term
Roos, Y 2000 71229 62 238 10.7% 1.19[0.89,1.59] T
Tsementzis, S.A. 1990 19 50 15 50 2.9% 1.27[0.73,2.20 S
Vermeulen, M. 1984 3B 241 29 238 42% 1.19[0.75,1.89] I B
Kaste, M. 1979 15 32 8 32 1.8% 1.88[0.93,3.79) T
Maurice-Williams, R.S. 1978 4 25 7 25  0.7% 0.57[0.19,1.71]
Subtotal (95% ClI) 577 583 20.4% 1.22[0.99, 1.50] s
Total events 144 121

Heterogeneity: Tau®= 0.00; Chi*= 3.33, df= 4 (P=0.50); F= 0%
Test for overall effect. Z=1.85 (P =0.07)

Total (95% Cl) 1311 1309 100.0% 1.13[1.02,1.24] *

Total events 466 410

Heterogeneity: Tau®= 0.00; Chi*=4.04, df=6 (P=067), F=0% D:Z 015 1 é é
Test for overall effect: Z=2.45 (P=0.01) ’ : TXA Control

Test for subaroun differences: Chi*= 0.69. df=1 (P = 0.41). F=0%

FIGURE 5 | Forest plot of comparison in hydrocephalus. Cl, confidence interval; df, degrees of freedom; TXA, tranexamic acid; M-H, Mantel-Haenszel.

analysis, TXA was not found to significantly promote good  ii) TXA daily dose group: In this subgroup, the

outcome in either the short or long-term treatment regimens included studies were the same as the TXA
[short-term: RR 0.96 (95% CI 0.78-1.18), I? = 85%; long-term: duration  group, and the results were exact
RR 1.02 (95% CI 0.85-1.23), I? = 57%; Figure 3]. (Supplementary Figure 2).
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Risk Ratio
M-H. Random, 95% CI

Risk Ratio

TXA Control
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI
Short-term
Hillman, J. 2002 108 480 106 475 29.0%
Post,R. 2021 10 254 12 251 8.7%
Subtotal (95% ClI) 734 726 37.7%
Total events 118 118

Heterogeneity: Tau®= 0.00; Chi*=0.22, df=1 (P=0.64); F=0%
Test for overall effect: Z= 0.06 (P = 0.95)

Long-term
Roos, Y 2000 68 229 74 233 27.0%
Tsementzis, S.A. 1990 22 50 11 50 13.3%
Vermeulen, M. 1984 59 24 36 238 220%
Subtotal (95% CI) 520 521 62.3%
Total events 149 121

Heterogeneity: Tau*=0.13; Chi*=8.39, df=2 (P=0.02); F=76%
Test for overall effect. Z=1.34 (P=0.18)

Total (95% CI) 1254 1247 100.0%
Total events 267 239

Heterogeneity: Tau®= 0.05; Chi*=1017, df=4 (P=0.04); F=61%
Test for overall effect: Z=1.17 (P=0.24)

Test for subaroun differences: Chi*=1.52. df=1(P=022). F=341%

FIGURE 6 | Forest plot of comparison in delayed cerebral ischemia. Cl, confidence interval; df, degrees of freedom; TXA, tranexamic acid; M-H, Mantel-Haenszel.

1.01[0.80,1.28]
0.82[0.36,1.87]
0.99 [0.79, 1.25]

0.93(0.71,1.23) -
2.00 [1.09, 3.69) ——
1.62[1.11, 2.35) ——
1.38 [0.86, 2.21] o
1.18 [0.89, 1.56] 4
005 02 1 5 20
TXA Control

Safety Endpoints

Rebleeding

i) TXA duration group: Rebleeding was reported in nine studies
(5, 6, 9-11, 13, 27-29). We found that in the overall
pooled outcome, the incidence of rebleeding was significantly
reduced in the TXA treatment group compared with the
control group [RR 0.53 (95% CI 0.39-0.71), I> = 46%;
Figure 4]. In the subgroup analysis, the pooled result of long-
term TXA treatment also yielded a significant reduction in
rebleeding [RR 0.53 (95% CI 0.39-0.71), I? = 25%; Figure 4].
Unfortunately, although the rate of rebleeding was only 0.43
times that of the control group with short-term TXA therapy,
it was not statistically significant [RR 0.43 (95% CI 0.13-1.39),
I? = 84%; Figure 4].

ii) TXA daily dose group: Eight studies with rebleeding results
met the inclusion criteria (5, 6, 9, 11, 13, 27-29). We found a
significant reduction in rebleeding in both the overall pooled
outcome and the high-daily dose subgroup [overall: RR 0.54
(95% CI 0.38-0.74), I = 51%; high daily dose: RR 0.51 (95%
CI0.36-0.72), I* = 32%; Supplementary Figure 3]. However,
the low daily dose subgroup only reduced the tendency for
rebleeding but was not significant [RR 0.56 (95% CI 0.23-
1.35), I> = 73%; Supplementary Figure 3].

Hydrocephalus

i) TXA duration group: Seven studies referred to results on the
incidence of hydrocephalus (5, 6, 9, 13, 21, 27, 28). As shown
in Figure 5, although the pooled results in the two subgroup
analyses were not statistically significant [short-term: RR 1.10
(95% CI 0.99-1.23), I* = 0%; long-term: RR 1.22 (95% CI
0.99-1.50), I = 0%], the overall pooled results in the incidence

of hydrocephalus were significantly higher [RR 1.13 (95% CI
1.02-1.24), I = 0%].

ii) TXA daily dose group: The included studies and
outcomes were the same as the TXA duration group
(Supplementary Figure 4).

Delayed Cerebral Ischemia

i) TXA duration group: We found five studies that reported the
condition of DCI (5, 6, 9, 13, 21). In the overall pooled result,
the incidence of DCI in the TXA treatment group was 1.18
times higher than that in the control group, but it was not
statistically significant [RR 1.18 (95% CI 0.89-1.56), I> = 61%;
Figure 6]. Short-term and long-term TXA therapy appeared
to have opposite but not significant effects on the development
of DCI [short-term: RR 0.99 (95% CI 0.79-1.25), I = 0%;
long-term: RR 1.38 (95% CI 0.86-2.21), > = 76%; Figure 6].

ii) TXA daily dose group: The included studies and
outcomes were the same as the TXA duration group
(Supplementary Figure 5).

Risk of Bias

Figure 7 shows the details of the risk bias for each included
study. Three clinical trials had an unclear risk of bias in random
sequence generation. For allocation concealment, the risk of
bias was unclear in one study. Two trials were high risk for
blinding participants and personnel, and two were unclear. For
the blinding of outcome assessment, the risk of bias was high in
three trials and unclear in one trial. No trial had an unclear or
high risk of bias in incomplete outcome data, selective reporting,
and other biases. Overall, the quality of the studies included in
this meta-analysis was acceptable.
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FIGURE 7 | Risk of bias summary: Review authors’ judgments about each risk
of bias item for each included study.

DISCUSSION

We performed a meta-analysis of 10 RCT studies, including the
latest RCT published earlier this year by René Post et al. (13).
The duration and the daily dose of TXA were analyzed as the
subgroups. We found that TXA therapy tended to be long-term,
high daily dose in some earlier studies, while it tended to be short-
term, low daily dose in studies after 2000. Therefore, the groups
according to duration or daily dose are generally consistent. Only
van Rossum et al.’s study used a long-term medication with a low
daily dose but had no effect on the outcomes of the two groups
due to its small sample size and reported only rebleeding rates
and mortality (29). Our meta-analysis found that long-term TXA
therapy significantly reduced the incidence of rebleeding in aSAH
patients. Both short- and long-term treatments failed to show
a consistent, significant improvement in mortality and good
outcome, despite a consistent reduction in rebleeding. Besides,
TXA did not increase DCI occurrence but significantly generated
hydrocephalus. The subgroup analysis of daily doses reached the

same conclusion. A relatively new meta-analysis reported that
TXA reduced the incidence of rebleeding without increasing
the incidence of hydrocephalus (30). However, their study only
included five research and did not conduct further subgroup
analysis, leading to differences from our results. It should be
reminded that one research included by them, Post et al. (18), was
excluded from our study because of the research data duplication
from the latest study published in 2021 (13, 18).

In our analysis, only long-term TXA therapy reduced the
risk of rebleeding, with no significant reduction in the short
term. Statistically, the risk of rebleeding within 12h in aSAH
patients is ~8% (31, 32). René Post et al. found in the latest
study that TXA therapy may benefit patients the most in the
time window since most rebleeding occurs within 24 h of the first
hemorrhage, and antifibrinolytic therapy may aggravate cerebral
ischemia. However, short-term (<24h) TXA therapy did not
significantly reduce rebleeding or improve outcomes at 6 months
(13). With a median time from diagnosis to aneurysm treatment
of 14h, the benefit of this early aneurysm treatment may now
outweigh the reduction in rebleeding of tranexamic acid. Jan
Hillman et al. showed a different conclusion that the incidence
of rebleeding decreased significantly, and only one patient in
the TXA group had a rebleeding within 24h. Nevertheless,
unlike René Post’s study, where TXA therapy was <24 h, nearly
half of the patients in their study received TXA therapy for
longer than 24 h (5). Among the five studies in Feng and Chen’s
meta-analysis (30), two of the long-term TXA therapy research
suggested that TXA could reduce rebleeding (9, 29), while the
other three short-term research did not (13, 18, 33). Notably, one
of the short-term studies used a high daily dose of TXA (33).
Therefore, the incidence of rebleedingmay be more correlated
with the duration of antifibrinolytic therapy. Some earlier studies
concluded no significant difference in the rebleeding rate between
the experimental and control groups. The sample size of these
earlier studies was small, and in one of them, the time window of
TXA initial treatment for patients was extended to 2 weeks (11,
27,29). Admittedly, these deficiencies may cause some bias in our
results. Besides, cause there were few studies on ultra-early short-
term treatment, it was unsure whether this treatment regimen
has no preventive effect on rebleeding. More experiments on
ultra-early short-term medication may also be needed to help
the study.

Whether the TXA therapy will lead to DCI is also the focus
of clinical attention. Our study showed that neither long-term
nor short-term TXA therapy increased the incidence of DCI in
aSAH patients. There was also no significant difference in the
daily dose. Among the included studies, most of those using
long-term and high daily dose TXA therapy believed that TXA
would increase DCI incidence, while those using short-term
and low daily dose TXA therapy believed that TXA would
not. A previous study using short-term with high Daily Dose
TXA therapy also found an increased incidence of DCI (33). In
conclusion, the daily dose of TXA may be more closely related
to the occurrence of DCI, but more studies needing for further
evaluation. Although TXA can effectively reduce rebleeding in
aSAH patients, it does not improve their prognosis (6, 9). It may
be that cerebral ischemia induced by TXA offsets the benefits
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of reduced rebleeding (34). However, after the combination of
nimodipine to alleviate cerebral ischemia caused by TXA, the
prognosis of patients still did not improve significantly (35).
The anti-vasospasm effect of calcium antagonists is probably
insufficient to counteract the TXA-induced cerebral ischemia (6).

As a common complication of aSAH, hydrocephalus is usually
caused by the accumulation of blood in the ventricle, affecting
the reflux of cerebrospinal fluid (36). TXA reduces plasminogen
activity in cerebrospinal fluid, leading to poor absorption of
intraventricular hemorrhage, which is more likely to cause
hydrocephalus (21, 36). Our results support this theory, finding
that TXA significantly increased 13% hydrocephalus in aSAH
patients. Of course, we expect more and more studies to be
further analyzed.

Some clinical complications common in aSAH patients, such
as epilepsy, transient ischemic attack, and delirium, may also be
associated with TXA (37, 38). However, due to the lack of relevant
reports, no further study was conducted in this meta-analysis.

LIMITATION

Our meta-analysis also has some limitations. First, the majority of
the included articles were European studies with a low selectivity
of the population, which may have generated some bias. Second,
most of the studies included were published decades ago, with
a sizeable period. Although subgroup analysis is helpful, it does
not offset the bias due to continuous advances in diagnosis,
treatment, and materials. Third, we did not assess the impact
of gender differences on outcomes. The majority of included
studies showed a higher proportion of women, possibly because
aneurysms are more common in the female population. However,
this is the inevitable defect of this meta-analysis. Finally, the
publication bias inherent in meta-analysis itself cannot be
ignored. Considering the above limitations, we should cautiously
interpret our results.
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