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Objectives: The clinical results caused by spontaneous intracerebral hemorrhage (ICH)
are disastrous to most patient. As tranexamic acid (TXA) has been proved to decrease
the influence of ICH, we conducted this research to explore the function of TXA for the
prognosis of ICH compared with placebo.

Methods: We searched MEDLINE, Embase, Cochrane Library, and Clinicaltrials.gov for
randomized controlled trials (RCTs) that were performed to evaluate TXA vs. placebo
for ICH up to February 2021. The data were assessed by Review Manager 5.3 software.
The risk ratio (RR) and mean difference were analyzed using dichotomous outcomes and
continuous outcomes, respectively, with a fixed effect model.

Results: We collected 2,479 patients from four RCTs. Then, we took the change of
hematoma volume, modified Rankin Scale (MRS), and adverse events as evaluation
standard of the treatment for ICH. Through statistical analysis, we found that there is
no obvious hematoma expansion effect after the application of TXA (RR = 1.05), and
we proceeded the quantitative analysis of percentage change in hematoma volume
from baseline, indicating that TXA could inhibit the expansion of hematoma volume
(RR = —2.02) compared with placebo. However, according to the outcomes of mRS
(0-1, RR = 1.04; 0-2, RR = 0.96), TXA cannot improve neurological functional
prognosis. As for the security outcomes—mortality (RR = 1.02), thromboembolic
events (RR = 0.99), neurological deterioration (RR = 0.92), infection (RR = 0.86),
and craniotomy (RR = 0.41), there seems exist no statistical difference between TXA
and placebo.

Conclusions: TXA has an advantage in the aspect of preventing hematoma expansion
compared with placebo for ICH, but cannot illustrate the efficacy of TXA in improving
neurological functional prognosis, which still needs more researches with large sample
sizes. Moreover, for safety, we did not find obvious statistical difference between TXA
and placebo.

Keywords: spontaneous intracerebral hemorrhage, tranexamic acid, meta-analysis, randomized controlled trials,
hematoma, modified Rankin Scale
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INTRODUCTION

Intracerebral hemorrhage (ICH) refers to spontaneous, non-
traumatic bleeding occurring in the brain parenchyma, which is
one of leading causes of death and disability around the world
(1). Generally, it is often caused by small vessel diseases, just like
hypertensive arteriopathy or cerebral amyloid angiopathy (2).
As serious neurological diseases, the clinical manifestations of
ICH commonly include consciousness, motor weakness, nausea,
vomiting, and so on (2-4). Sadly, most of the symptoms will
lead to a poor prognosis and impact the normal life of patients
seriously, if they cannot receive prompt treatment (5). Moreover,
with the change of fibrinolysis and coagulopathy change, ICH
may expand after bleeding (6-8). So, controlling progressive
factors of the hematoma and choosing the appropriate treatment
to avoid the deterioration of ICH seem particularly important
(9). Among the masses of factors, the change of hematoma
volume highly determines the prognosis of ICH (10). Therefore,
it is significant to maintain the hematoma volume, which no
longer expands or even reduce. Generally, intracranial evacuation
of hematoma is effective for controlling hematoma volume,
while it induced surgical injury inevitably (11, 12). Maybe,
medication also deserves our attention, which causes relatively
little craniocerebral injury and controllable prognosis.

Tranexamic acid (TXA) is an antifibrinolytic amino acid
derivative that is derived from lysine, acting as a competitive
inhibitor to block the interaction between plasmin and fibrin
(13, 14). During the past decade, TXA has been widely used
to treat or prevent excessive blood loss (15). In addition,
previous studies have found that TXA can inhibit hematoma
expansion after ICH, but there is still a lack of quantitative
analysis of hematoma volume changes after the application of
TXA (16, 17). Moreover, the function of TXA in improving
neurological functional prognosis is still controversial. So, we
searched and probed randomized controlled trials (RCTs) so far
to conduct a meta-analysis that aims to estimate the function of
TXA in reducing hematoma volume and improving prognosis.
Certainly, the safety of TXA during the treatment of ICH is
also in the scope of our research (18-21), mainly considering
the occurrence of adverse events like mortality, thromboembolic
events, neurological deterioration, infection, and so on.

METHODS
Study Protocol

Before we started the study, we drafted a research protocol by
following the Cochrane Collaboration format (22).

Search Strategy

Original researches in the MEDLINE, Embase, Cochrane Library,
and Clinicaltrials.gov were searched using the following terms:
[(“Tranexamic acid and Spontaneous intracerebral hemorrhage”
(“TXA and Spontaneous intracerebral hemorrhage”)] until
February 2021. Moreover, to make sure all relevant studies
have been included, we screened reference lists of relevant
articles manually.

Study Selection

Studies were included as follows: (1) study type was randomized
clinical trials; (2) language restriction: only English; (3)
participating patients: patients with spontaneous intracranial
hematoma; and (4) intervention: TXA or placebo.

Studies were excluded as follows: (1) types of study:
retrospective studies, cohort studies, reviews, and case reports;
(2) control: active control; and (3) types of hemorrhage:
subarachnoid hemorrhage and traumatic brain injury.

Data Extraction

All the data were extracted independently by 2 investigators
(Zeya Yan and Shujun Chen), and any disagreements were settled
through discussion. After several selections and assessments, the
basic information of the included trails (first author, publication,
centers, and treatment groups), patient characteristics (total
number, mean age, and gender), study period, and outcome
events were used to extract the data (Table 1).

Outcomes

The primary outcome is hematoma volume and its change, day
1 to 2, recorded by medical imaging examination. Secondary
endpoint included modified Rankin Scale (mRS) 0-1 and 0-2
at day 90. In addition, we chose the mortality, thromboembolic
events, neurological deterioration, infection, and craniotomy as
the safety endpoints.

Summary Measures and Synthesis of
Results

Review manager 5.3 was used to assess the data. Estimated mean
differences (MDs) and estimated risk ratio (RR) (95% confidence
interval [CI]) were calculated using a fixed effects model. The
I? statistic was used to estimate the statistical heterogeneity as
follows: I> < 30% represents “low heterogeneity,” 30% < I
< 50% means “moderate heterogeneity;” and 1>~ 50% means
“substantial heterogeneity.” A p-value < 0.05 was considered to
be significant for all analyses, and tests are two-tailed.

Risk of Bias

The risk-of-bias plot was assessed using Review Manager
5.3 software (The Cochrane Collaboration, Oxford, UK) for
individual studies. The unified standard of the Cochrane
Collaboration was applied to assess the risk of bias for RCTs,
which included selection bias, performance bias, detection bias,
attrition bias, reporting bias, and other potential biases.

RESULTS

Search Results

A total of 437 researches and abstracts from Medline, Embase,
Cochrane Library, and Clinicaltrials.gov were identified. Among
them, 253 studies were excluded because of duplicates. Moreover,
80 studies were excluded as they were irrelevant, such as research
on other drugs or into the etiological analysis of ICH. After
removing duplicates and uncorrelated titles, 104 of these articles
were directly related to the topic of interest. Among them, 95 full
text articles were excluded, which included 7 reports, 8 protocols
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TABLE 1 | Characteristics of the included studies and outcome events.

Study Centers Publication Treatment group, Total number Mean age Male Study period Mainly included
(Clinical trial (No. of (Years) (%) Outcome Events
registration) participants)

Sprigg et al. 1 Journal of Stroke TXA(n = 16)vs. TXA(B7.9)vs. TXA(62.5vs. 12 months A B CDEFG
(19) and Cerebrovascular PLA (n = 8) PLA(68.5)vs. PLA(BO)vs.

(ISRCTN50867461) Diseases Total(68.1) Total(62.5)

Arumugam et al. 1 The Malaysian TXA(n = 15)vs. Total(52.9) Total(60) 12 months A B C,D,G
(18) journal of medical ~ PLA(n = 15)

() sciences

Sprigg et al. 124 Lancet TXA(n = 1,161)vs. 2325 TXAB9.1)vs. TXA(55)vs. 55 months A B,CDEFH
(20) PLA(h = 1,164) PLA(68.7) PLA(57)

(ISRCTN93732214)

Meretoja et al. 13 Lancet Neurol TXA(n = 50)vs. TXA(73.0)vs. TXA(70)vs. 78 months A B,C D,H
(21) PLA(n = 50) PLA(71.0) PLA(54)

(NCT01702636)

PLA, Placebo; A, No hematoma expansion (the number of hematoma expansion subtract from total); B, Change in hematoma volume from baseline; C, Death; D, Thromboembolic

events; E, Neurological deterioration; F, Infection; G, Craniotomy; H, mRS.

or guidelines, 19 retrospective cohort studies, 36 reviews, and
25 different analyses of the same RCT. Then, we excluded the
RCTs that did not contain outcomes we need. Finally, four RCTs
containing 2,479 patients were included in our meta-analysis.
The detailed process of screening is shown in Figure 1.

The Change of Hematoma Volume Caused
by TXA

After screening and analysis of four RCTs, we firstly found there
is no obvious hematoma expansion after the application of TXA
compared with placebo (RR = 1.05, 95% CI: 1.00~1.10, p =
0.03; shown in Figure 2A). Then, we proceeded to the analysis
of percentage change in hematoma volume, indicating that TXA
has the effect of decreasing the volume of hematoma after the
ICH (RR = —2.02, 95% CI: —3.03 to —1.01, p < 0.0001; shown
in Figure 2B). For more details, both results above are shown in
Figures 2A,B.

Neurological Functional Prognosis After
the Application of TXA

We chose the most representative outcomes at day 90 from four
RCTs—mRS, to reflect the neurological functional prognosis.
After the statistical analysis, both results of mRS 0-1 (RR = 1.04,
95% CI: 0.92~1.18, p = 0.50; shown in Figure 2C) and 0-2 (RR
= 0.96, 95% CI: 0.78~1.18, p = 0.68; shown in Figure 2D) show
no significant improvement after the application of TXA.

Safety of the TXA for ICH

For the safety outcome we chose, mortality (RR = 1.02, 95%
CI: 0.88~1.19, p = 0.77; shown in Figure 3A), thromboembolic
events (RR = 0.99, 95% CI: 0.65~1.51, p = 0.95; shown in
Figure 3B), neurological deterioration (RR = 0.92, 95% CI:
0.75~1.13, p = 0.44; shown in Figure 3C), infection (RR =
0.86, 95% CI: 0.67~1.11, p = 0.26; shown in Figure 3D), and
craniotomy (RR = 0.41, 95% CI: 0.11~1.55, p = 0.19; shown
in Figure 3E) all show no obvious statistical difference between
TXA and placebo.

Risk of Bias

To make the analysis of study more reliable, we analyzed the risk
of bias in four RCTs (shown in Figure 4). Firstly, there was no
clinical trial that had an unclear or high risk of bias in random
sequence generation and allocation concealment. For blinding of
outcome assessment and selective reporting, the risk of bias was
clear except the study conducted by Ananda et al., while the risk
of bias in this study was high for the blinding of participants
and personnel. Moreover, the risk of bias in all studies was
acceptable for incomplete outcome data and other bias. Generally
speaking, the quality of the included RCTs in our meta-analysis
was accredited (shown in Figure 5).

DISCUSSION

Considering the result of our study, we can conclude that TXA
has an advantage in preventing hematoma expansion compared
with placebo for ICH, but cannot show the efficacy in improving
neurological functional prognosis. Moreover, there is no obvious
statistical difference between TXA and placebo for safety.

As has been proven, TXA has the direct efficacy on reducing
blood loss in many diseases (14, 23). Certainly, there exist a large
amount of research exploring the mechanism or clinical function
of TXA in the ICH (24, 25). They have estimated the efficacy
and safety of TXA from different aspects, such as the systematic
review conducted by Hu et al. (26). However, there is still no
specific research to explore the function of TXA in the change of
hematoma volume and neurological functional prognosis based
on the statistical data from large RCTs like TICH-2 2018 (20).
Therefore, we conducted this project and shared our findings
through an elaborate meta-analysis.

In our study, we included four RCTs that consisted of 2,479
patients with ICH, aiming to analyze the function of TXA
after ICH. During our research, we estimated the function of
TXA inhibiting hematoma volume expansion and improving
neurological functional prognosis. We also analyzed the safety of
TXA compared with placebo after ICH.
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FIGURE 1 | The study search, selection and inclusion process.

After analysis, we found that TXA could reduce the expansion
rate of hematoma volume after ICH, which is consistent with the
antifibrinolytic effect of TXA, but TXA did not show obvious
efficacy in improving neurological functional prognosis. In the
beginning, we rearranged the data of patients whose hematoma
volume was monitored by CT and conducted an analysis between
the patients with hematoma expansion and those without. The
result is the proportion of patients with no hematoma expansion
was slightly higher in the groups that received TXA than those
that received placebo. Nevertheless, this tendency is not obvious
enough based on the existing research, and we also cannot
ignore the influence of factors such as timing of CT scanning,
different measurement of the volume, and so on. Certainly, it
has revealed statistical significance and deserves more clinical
research to bring the change of hematoma volume into the
study indicators. Meanwhile, we can find that the majority of

patients have no hematoma expansion whether they received
TXA or placebo. This result is consistent with the previous
study conducted by Gao et al. (27). After all, hemostasis is
a spontaneous pathophysiological process, while bleeding may
stop any time during the actual process of hematoma. Then,
we made further analysis in terms of changes in hematoma
volume from baseline to 24 h. Interestingly, the enlargement of
hematoma volume in patients with hematoma expansion has
direct difference between the TXA and placebo. As Figure 2B
shows, TXA has the advantage of inhibiting hematoma expansion
compared with placebo.

As for neurological functional prognosis, we chose mRS as
the main evaluation indicator of our study. Recent research
conducted by Nikola et al. and Atte et al. both made the
assessment of mRS, which is the most prevalent functional
outcome measure in contemporary stroke research and is
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A TXA Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed, 95% CI M-H, Fixed. 95% CI
2014 TICH 13 16 7 8 1.0% 0.93[0.65,1.32]
2015 Arumugam 15 14 10 15 1.2% 1.48[1.02,2.13]
2018 TICH-2 896 1161 860 1164 8951% 1.04 [1.00,1.09] .
2020 STOP-AUST 28 a0 24 a0 27% 1.17[0.80,1.70]
Total (95% CI) 1242 1237 100.0% 1.05[1.00, 1.10] ‘
Total events 952 901
Heterogeneity: Chi*= 4.16, df= 3 (P = 0.24); F= 28% f f f f
. 0.5 0.7 1 1.5 2
Test for overall effect Z= 216 (P=0.03) Favours [Placebo] Favours [TXA]
B TXA Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
2014 TICH 54 238 16 9.7 175 8 04% -430[21.12,1252]
2015 Arumugam 022 11 15 366 3.3 15 326% -3.44[5.21,-1.67] =
2018 TICH-2 372 159 1181 4.9 16 1164 B0.4% -1.18[-2.48,012] w
2020 STOP-AUST 387 741 50 647 1221 50  B.6% -2.60[-6.51,1.31] -
Total (95% CI) 1242 1237 100.0% -2.02[-3.03,-1.01] L
Heterogeneity: Chi*= 4.25, df = 3 (P = 0.24); °= 28% EE = ] 0 5
Test for overall effect: Z=3.93 (P < 0.0001) Favours [TXA] Favours [Placeho]
c TXA Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed. 95% CI
2018 TICH-2 338 1152 329 1185 96.5% 1.03[0.91,1.17] ‘.’
2020 STOP-AUST 17 50 12 50 3.5% 1.42 [0.76, 2.65]
Total (95% CI) 1202 1205 100.0%  1.04[0.92, 1.18] -
Total events 355 341
Heterogeneity: Chi*= 0.95, df=1 (P = 0.33); F= 0% n?s n?? 1?5 2
Test for overall effect: Z= 0.67 (P =0.50) Favours [Placebo] Favours [TXA]
D XA Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed, 95% Cl M-H, Fixed. 95% CI
2018 TICH-2 141 1152 148 1155 955% 0.96 [0.77,1.19] _|_—.—
2020 STOP-AUST 7 50 7 50 4.5% 1.00[0.38, 2.64]
Total (95% CI) 1202 1205 100.0%  0.96[0.78, 1.18] &
Total events 148 155
Heterageneity: Chi*= 0.01, df=1 (P = 0.93); F= 0% n=2 055 2 5
Test for averall effect: Z=0.41 (P = 0.68) ’ Favours iPIacebo] Favours [TXA]
FIGURE 2 | The pooled risk ratio (RR) and mean difference (MD) compared with placebo, the diamond indicates the estimated RR with 95% confidence interval (Cl)
for the pooled patients. (A) no hematoma expansion (the number of hematoma expansion subtract from total); (B) change in hematoma volume from baseline; (C)
mRS (modified Rankin Scale) 0-1; (D) mRS (modified Rankin Scale) 0-2.

recommended in international guidelines (28, 29). We included
patients with mRS 0-1, firstly, with no symptoms or no disability
despite symptoms, and we found there is no obvious statistical
difference between the groups of TXA and placebo. So, we
further relaxed the conditions and took patients with mRS 2
(slight disability but able to look after own affairs) into our
study. However, the result is regrettable. The high level of mRS
symbolizes the poor prognosis; so, we did not proceed to the
inclusion of patients.

For the safety of TXA, whether the benefit brought by TXA
is likely to be counterbalanced by harm has been controversial
for a long time (30). Therefore, we analyzed the safety of TXA
for the treatment of ICH as previous studies did. However,
the difference is, from mass of safety indicators, we chose
the numbers of patients with death, thromboembolic events,

neurological deterioration, infection, and craniotomy in four
RCTs to be our research objectives. In terms of these indicators,
the results of the application of TXA did not exhibit obvious
statistical difference compared with placebo. Certainly, it does
not mean TXA is totally beneficial for the treatment of ICH.

Our meta-analysis has three main strengths. First, we
concentrated on the change of hematoma volume after ICH,
which has not been researched before. Second, we carried out
elaborate search strategies in a variety of databases to take all
appropriate RCTs into this systematic review. Third, the results
of this meta-analysis can provide a better clinical choice about
the use of TXA for clinicians.

Definitely, there exist few limitations in our research. Hard
to ignore, the samples of TICH-2 made up the majority of
patients in our meta-analysis, and it may affect the universality
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2015 Arumugam 1] 15 3 15 56.8% 0.14[0.01, 2.55] L
Total (95% CI) 31 23 100.0%  0.41[0.11, 1.55] -
Total events 3 g
Heterogeneity: Chi*=1.09, df=1 (P = 0.30); F= 8% 01005 n=1 ; 150 2050

FIGURE 3 | The pooled risk ratio (RR) of safety indicators compared with placebo, the diamond indicates the estimated RR with 95% confidence interval (Cl) for the
pooled patients. (A) death; (B). thromboembolic events; (C) neurological deterioration; (D) infection; (E) craniotomy.

of our finding. Besides, for universality, the majority of patients
included were from the European region like Switzerland,
Turkey, and the UK. Only the study of Atte et al. contained the
patients in a few medical centers from Australia and Taiwan;

whether TXA could be applied to all population still lacks
sufficient evidence. Moreover, four RCTs did not include all the
data we need, just like mRS, which was only researched by Nikola
et al. and Atte et al. The result is that we may not draw an exact
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FIGURE 5 | Risk of bias of all included studies.

conclusion. Last, the functions of TXA in preventing hematoma
expansion were merely demonstrated by statistical analysis, and
are still waiting for more clinical verification.

CONCLUSION

To sum up, this systematic review and meta-analysis indicated
TXA has an advantage in the aspect of preventing hematoma
expansion compared with placebo for ICH, but cannot illustrate
the efficacy of TXA in improving neurological functional
prognosis, which still requires more RCTs with large sample sizes.
Moreover, for safety, we did not find obvious statistical difference
between TXA and placebo.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

AUTHOR CONTRIBUTIONS

ZW and ZQC were the principal investigators. ZYY and SJC
designed the study and developed the analysis plan. TX analyzed
the data and performed the meta-analysis. XW and ZMS
contributed to the writing of the article. ZQW revised the
manuscript and polished the language. All authors read and
approved the final submitted paper.

Frontiers in Neurology | www.frontiersin.org

September 2021 | Volume 12 | Article 710568


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Yan et al.

Intracerebral Hemorrhage and Tranexamic Acid

FUNDING

This work was supported by the
Suzhou Health Talents Training Project
(GSWS2019002).

REFERENCES

1. Balami JS, Buchan AM. Complications of intracerebral haemorrhage. Lancet
Neurol. (2012) 11:101-18. doi: 10.1016/51474-4422(11)70264-2

2. Hostettler IC, Seiffge DJ, Werring DJ. Intracerebral hemorrhage: an
update on diagnosis and treatment. Expert Rev Neurother. (2019) 19:679-
94. doi: 10.1080/14737175.2019.1623671

3. Morotti A, Goldstein JN. Diagnosis and management
intracerebral hemorrhage. Emerg Med Clin North Am.
34:883-99. doi: 10.1016/j.emc.2016.06.010

4. Qureshi Al, Tuhrim S, Broderick JP, Batjer HH, Hondo H, Hanley DF.
Spontaneous intracerebral hemorrhage. N Engl ] Med. (2001) 344:1450-
60. doi: 10.1056/NEJM200105103441907

5. Lim JK, Hwang HS, Cho BM, Lee HK, Ahn SK, Oh SM, et al. Multivariate
analysis of risk factors of hematoma expansion in spontaneous intracerebral
hemorrhage. Surg Neurol. (2008) 69:40-5. doi: 10.1016/j.surneu.2007.07.025

6. Brott T, Broderick J, Kothari R, Barsan W, Tomsick T, Sauerbeck L, et al. Early
hemorrhage growth in patients with intracerebral hemorrhage. Stroke. (1997)
28:1-5. doi: 10.1161/01.STR.28.1.1

T, Bosel J. Options to restrict
after  spontaneous  intracerebral ~ hemorrhage.
41:402-9. doi: 10.1161/STROKEAHA.109.552919

8. Xi G, Fewel ME, Hua Y, Jr., Thompson BG, Hoff JT, Keep RF. Intracerebral
hemorrhage: pathophysiology and therapy. Neurocritical Care. (2004) 1:5-
18. doi: 10.1385/NCC:1:1:5

9. Poon MT, Fonville AF, Al-Shahi Salman R. Long-term prognosis after
intracerebral haemorrhage: systematic review and meta-analysis. ] Neurol
Neurosurg Psychiatry. (2014) 85:660-7. doi: 10.1136/jnnp-2013-306476

10. LoPresti MA, Bruce SS, Camacho E, Kunchala S, Dubois BG, Bruce E, et al.
Hematoma volume as the major determinant of outcomes after intracerebral
hemorrhage. ] Neurol Sci. (2014) 345:3-7. doi: 10.1016/j.jns.2014.06.057

11. Kuramatsu JB, Biffi A, Gerner ST, Sembill JA, Sprugel MI, Leasure A, et al.
Association of surgical hematoma evacuation vs conservative treatment with
functional outcome in patients with cerebellar intracerebral hemorrhage.
Jama. (2019) 322:1392-403. doi: 10.1001/jama.2019.13014

12. Mendelow AD, Gregson BA, Rowan EN, Murray GD, Gholkar A,
Mitchell PM, et al. Early surgery versus initial conservative treatment
in patients with spontaneous lobar intracerebral
haematomas (STICH 1II): a randomised trial. (2013)
382:397-408. doi: 10.1016/50140-6736(13)60986-1

13. Pabinger I, Fries D, Schochl H, Streif W, Toller W. Tranexamic acid for
treatment and prophylaxis of bleeding and hyperfibrinolysis. Wien Klin
Wochenschr. (2017) 129:303-16. doi: 10.1007/s00508-017-1194-y

14. Dunn CJ, Goa KL. Tranexamic acid: a review of its use
in surgery and other indications. Drugs. (1999)  57:1005-
32. doi: 10.2165/00003495-199957060-00017

15. Hunt BJ. The current place of tranexamic acid in the management of bleeding.
Anaesthesia. (2015) 70:50-3, e18. doi: 10.1111/anae.12910

16. Roos Y. Antifibrinolytic treatment in subarachnoid hemorrhage: a
randomized placebo-controlled trial. STAR study group. Neurology. (2000)
54:77-82. doi: 10.1212/WNL.54.1.77

17. Zehtabchi S, Abdel Baki SG, Falzon L, Nishijima DK. Tranexamic acid for
traumatic brain injury: a systematic review and meta-analysis. Am ] Emerg
Med. (2014) 32:1503-9. doi: 10.1016/j.ajem.2014.09.023

18. Arumugam A, NA AR, Theophilus SC, Shariffudin A, Abdullah JM.
Tranexamic acid as antifibrinolytic agent in non traumatic intracerebral
hemorrhages. MJMS. (2015) 22:62-71.

19. Sprigg N, Renton CJ, Dineen RA, Kwong Y, Bath PM. Tranexamic
acid for spontaneous intracerebral hemorrhage: a randomized controlled
pilot trial (ISRCTN50867461). ] Stroke Cerebrovasc Dis. (2014) 23:1312-
8. doi: 10.1016/j.jstrokecerebrovasdis.2013.11.007

of acute
(2016)

hematoma
Stroke.

7. Steiner expansion

(2010)

supratentorial
Lancet.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2021.710568/full#supplementary-material

20. Sprigg N, Flaherty K, Appleton JP, Al-Shahi Salman R, Bereczki
D, Beridze M, et al. Tranexamic acid for hyperacute primary
IntraCerebral Haemorrhage (TICH-2): an international randomised,
placebo-controlled, phase 3  superiority trial. (2018)
391:2107-15. doi: 10.1016/S0140-6736(18)31033-X

21. Meretoja A, Yassi N, Wu TY, Churilov L, Sibolt G, Jeng JS, et al. Tranexamic
acid in patients with intracerebral haemorrhage (STOP-AUST): a multicentre,
randomised, placebo-controlled, phase 2 trial. Lancet Neurol. (2020) 19:980-
7. doi: 10.1016/S1474-4422(20)30369-0

22. Liberati A, Altman DG, Tetzlaff ], Mulrow C, Gotzsche PC, Ioannidis JP, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses
of studies that evaluate healthcare interventions: explanation and elaboration.
BM]J (Clin Res). (2009) 339:b2700. doi: 10.1136/bmj.b2700

23. Mannucci PM. Hemostatic drugs. N Engl ] Med. (1998) 339:245-
53. doi: 10.1056/NEJM199807233390407

24. Damade C, Tesson G, Gilard V, Vigny S, Foulongne E, Gauthe R, et al.
Blood loss and perioperative transfusions related to surgery for spinal
tumors. Relevance of tranexamic acid. Neurochirurgie. (2019) 65:377-
81. doi: 10.1016/j.neuchi.2019.05.003

25. Yao RZ, Gao WQ, Wang BW, Wang GL, Wu CX YD AM. Efficacy and safety
of tranexamic acid in reducing blood loss of lower extremity osteotomy in
peri-acetabulum and high tibia: a systematic review and meta-analysis. Orthop
Surg. (2019) 11:545-51. doi: 10.1111/0s.12515

26. Hu W, Xin Y, Chen X, Song Z, He Z, Zhao Y. Tranexamic acid in cerebral
hemorrhage: a meta-analysis and systematic review. CNS Drugs. (2019)
33:327-36. doi: 10.1007/540263-019-00608-4

27. Gao B, Xue T, Rong X, Yang Y, Wang Z, Chen Z, et al. Tranexamic
acid inhibits hematoma expansion in intracerebral hemorrhage and
traumatic brain injury. Does blood pressure play a potential role? A
meta-analysis from randmized controlled trials. ] Stroke Cerebrovasc

Lancet.

Dis.  (2021)  30:105436.  doi:  10.1016/j.jstrokecerebrovasdis.2020.
105436

28. Quinn TJ, Dawson J, Walters MR, Lees KR. Reliability of
the modified Rankin Scale: a systematic review. Stroke. (2009)
40:3393-5. doi: 10.1161/STROKEAHA.109.557256

29. Broderick JP, Adeoye O, Elm J. Evolution of the modified
Rankin Scale and its use in future stroke trials. Stroke. (2017)

48:2007-12. doi: 10.1161/STROKEAHA.117.017866

30. Ker K, Edwards P, Perel P, Shakur H, Roberts I. Effect of tranexamic
acid on surgical bleeding: systematic review and cumulative meta-
analysis. BMJ (Clin Res). (2012) 344:e3054. doi: 10.1136/bmj.
e3054

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Yan, Chen, Xue, Wu, Song, Wang, Chen and Wang. 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.

Frontiers in Neurology | www.frontiersin.org

September 2021 | Volume 12 | Article 710568


https://www.frontiersin.org/articles/10.3389/fneur.2021.710568/full#supplementary-material
https://doi.org/10.1016/S1474-4422(11)70264-2
https://doi.org/10.1080/14737175.2019.1623671
https://doi.org/10.1016/j.emc.2016.06.010
https://doi.org/10.1056/NEJM200105103441907
https://doi.org/10.1016/j.surneu.2007.07.025
https://doi.org/10.1161/01.STR.28.1.1
https://doi.org/10.1161/STROKEAHA.109.552919
https://doi.org/10.1385/NCC:1:1:5
https://doi.org/10.1136/jnnp-2013-306476
https://doi.org/10.1016/j.jns.2014.06.057
https://doi.org/10.1001/jama.2019.13014
https://doi.org/10.1016/S0140-6736(13)60986-1
https://doi.org/10.1007/s00508-017-1194-y
https://doi.org/10.2165/00003495-199957060-00017
https://doi.org/10.1111/anae.12910
https://doi.org/10.1212/WNL.54.1.77
https://doi.org/10.1016/j.ajem.2014.09.023
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.11.007
https://doi.org/10.1016/S0140-6736(18)31033-X
https://doi.org/10.1016/S1474-4422(20)30369-0
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1056/NEJM199807233390407
https://doi.org/10.1016/j.neuchi.2019.05.003
https://doi.org/10.1111/os.12515
https://doi.org/10.1007/s40263-019-00608-4
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105436
https://doi.org/10.1161/STROKEAHA.109.557256
https://doi.org/10.1161/STROKEAHA.117.017866
https://doi.org/10.1136/bmj.e3054
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	The Function of Tranexamic Acid to Prevent Hematoma Expansion After Intracerebral Hemorrhage: A Systematic Review and Meta-Analysis From Randomized Controlled Trials
	Introduction
	Methods
	Study Protocol
	Search Strategy
	Study Selection
	Data Extraction
	Outcomes
	Summary Measures and Synthesis of Results
	Risk of Bias

	Results
	Search Results
	The Change of Hematoma Volume Caused by TXA
	Neurological Functional Prognosis After the Application of TXA
	Safety of the TXA for ICH
	Risk of Bias

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References


