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Tranexamic acid (TXA) is an anti-fibrinolytic agent that acts by
inhibiting plasminogen activation and fibrinolysis. Although its
first clinical use dates back more than 50 years, this hemostatic

agent is still the object of intense clinical and developmental research. In
particular, renewed interest in TXA has arisen following evidence that it
has a beneficial effect in reducing blood loss in a variety of medical and
surgical conditions at increased risk of bleeding. Given this characteristic,
TXA is currently considered a mainstay of Patient Blood Management
programs aimed at reducing patients’ exposure to allogeneic blood trans-
fusion. Importantly, recent large randomized controlled trials have consis-
tently documented that the use of TXA confers a survival advantage in a
number of globally critical clinical conditions associated with acute bleed-
ing, including traumatic injury and post-partum hemorrhage, without
increasing the thromboembolic risk. 
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ABSTRACT

Introduction

Tranexamic acid (TXA) is a synthetic anti-fibrinolytic amino acid derivative of
lysine that acts by competitively blocking the lysine binding sites on plasminogen,
thereby inhibiting its interaction with formed plasmin and fibrin.1,2 Inhibition of
plasminogen activation results in the stabilization of the preformed fibrin mesh-
work produced by the coagulation cascade. Thanks to its ability to inhibit fibri-
nolysis and clot degradation TXA, which is approved for intravenous, oral and
topical applications, has been successfully employed to prevent or decrease blood
loss in a variety of clinical conditions characterized by excessive bleeding.3,4 There
is indeed consistent evidence that the early administration of TXA confers a sur-
vival benefit in the setting of severe trauma5,6 and post-partum hemorrhage with-
out an increase in thromboembolic events.7 In addition, this agent has been suc-
cessfully used to decrease blood loss in numerous surgical specialties, especially in
the frame of cardiac and major orthopedic surgery.8-11 For this reason, TXA is cur-
rently considered a fundamental pillar of the Patient Blood Management (PBM)
programs of transfusion medicine, aimed at minimizing blood loss and thus expo-
sure of patients undergoing elective surgery to allogeneic blood.12-14 In this narra-
tive review we summarize the most recent clinical evidence on the use of TXA for
prevention or treatment of bleeding.

Search methods

We analyzed the medical literature for published articles on the use of TXA for
bleeding. The MEDLINE electronic database was searched for publications during
the last 20 years using English language as a restriction. The Medical Subject
Heading and key words used were: “tranexamic acid”, “bleeding”, “hemorrhage”,
“treatment”, “prevention”, “patient blood management”, “anti-fibrinolytic”,
“surgery”, “cardiac surgery”, “orthopedic surgery”, “post-partum hemorrhage”,
“obstetric”, “trauma”, “injury” and “traumatic brain injury”. We also screened the
reference lists of the most relevant review articles for additional studies not cap-
tured in our initial literature search. Finally, abstracts from relevant conferences or
scientific meetings were hand-searched for additional studies.



Tranexamic acid for the prevention of bleeding

There is a growing body of evidence documenting the
efficacy of TXA in preventing bleeding in a variety of
major surgical procedures, especially cardiac surgery, in
the frame of PBM programs.8,13 In a systematic review and
meta-analysis, TXA was shown to reduce blood losses in
surgical patients by nearly one-third compared to place-
bo.15 These results were consistent with those of a
Cochrane systematic review, including 129 trials with
10,488 participants, which showed that TXA reduced the
probability of receiving a blood transfusion by one third
[relative risk (RR) 0.62, 95% confidence interval (95% CI):
0.58-0.65; P<0.001).9 More recently, TXA has been widely
used to minimize bleeding and exposure to allogeneic
blood transfusion in major orthopedic surgery. Several
large randomized controlled trials (RCT) and meta-analy-
ses have consistently confirmed that the intravenous
administration of this medication effectively and safely
reduces perioperative blood loss and transfusion require-
ments at the time of major orthopedic operations such as
total hip and knee arthroplasty.10 Some concerns still
remained among users over the hypothetical increased
risk of thromboembolic complications following the sys-
temic infusion of this anti-fibrinolytic agent, because
orthopedic surgery is associated not only with a high risk
of bleeding but also of thrombosis. Thus, to refute this
unjustified, non-evidence-based perception which repre-
sents the main obstacle to a broader use of TXA in this
clinical context, we recently conducted a systematic
review and meta-analysis of the literature aimed at
assessing the safety of intravenous TXA in patients
undergoing major orthopedic surgery.16 After a meta-ana-
lytic pooling of 73 RCT involving 4,174 patients and
2,779 controls, there was a similar incidence of venous
thromboembolism in patients and controls (2.1% vs.
2.0%), which established the safety of this pharmacolog-
ical treatment in a PBM setting.16 In addition, a recent sys-
tematic review and meta-analysis of five RCT involving
457 patients undergoing total hip arthroplasty concluded
that the combined use of intravenous and topical TXA is
more effective than intravenous TXA alone in terms of
reduction of blood loss, hemoglobin decline and need for
transfusion without increasing the rate of thromboembol-
ic complications.17 The recently published
Recommendations for the implementation of PBM pro-
grams in orthopedic surgery, edited by the Italian
National Blood Center in collaboration with several sci-
entific societies, supported the preoperative and/or post-
operative use of TXA in total hip and knee replacement
surgery (grade 2A recommendation).18
Given the efficacy of TXA in various conditions at

potential risk of severe bleeding, several groups also eval-
uated its use in preventing obstetric hemorrhage.19,20 Post-
partum hemorrhage (PPH) is a leading cause of premature
maternal mortality globally, accounting for at least
100,000 deaths each year worldwide.21 A Cochrane sys-
tematic review that evaluated TXA in the prevention of
PPH was recently published. In the frame of an analysis
of 12 RCT involving 3,285 women, TXA decreased post-
partum blood loss, prevented PPH and lowered blood
transfusion requirements.22 We have recently conducted a
systematic review and meta-analysis on the use of TXA
for PPH prevention in women undergoing Cesarean deliv-
ery.23 After an in-depth analysis of 18 RCT involving

4,557 women, it was found that prophylactic use of TXA
significantly reduced the incidence of PPH, total blood
loss and transfusion requirements without increasing the
risk of thromboembolic complications, thus supporting
its beneficial effect in this critical clinical setting.
Accordingly, the most recent multidisciplinary consensus
statement on prevention and treatment of PPH from the
Network for the Advancement of Patient Blood
Management, Haemostasis and Thrombosis (NATA) rec-
ommends intravenous of TXA for women at increased
risk of PPH (grade 1C recommendation).19
On the whole, these multiple and consistent findings

show that TXA is effective at preventing bleeding compli-
cations in a variety of medical and surgical conditions
without increasing the risk of thrombosis.

Tranexamic acid in acute bleeding conditions

In addition to the preventive use of TXA, a number of
studies have investigated the role of this anti-fibrinolytic
agent in patients presenting with acute, critical bleed-
ing.5,6,24-26 In trauma patients, the largest body of evidence
stems from the Clinical Randomisation of an
Antifibrinolytic in Significant Haemorrhage (CRASH) tri-
als. In the CRASH-2 trial, 20,211 severely injured adults
with confirmed or suspected hemorrhage were randomly
assigned within 8 h from the occurrence of trauma to
receive TXA (loading bolus dose of 1 g and then an infu-
sion of 1 g over 8 h) or placebo.27 Despite no difference in
bleeding rate and transfusion use, all-cause mortality was
lower in the treatment group than in the placebo group
(14.5% vs. 16%, respectively; RR 0.91; 95% CI: 0.85–
0.97, P=0.0035). Similarly, the rate of deaths attributed to
bleeding was reduced from 5.7% to 4.9% (P=0.0077)
(Table 1). Yet, from a sub-analysis of CRASH-2, the tim-
ing of TXA administration was crucial for patients’ out-
comes.28 Early infusion of TXA within 1 h after trauma
was associated with the largest survival benefit (absolute
reduction = 2.4%, number needed to treat = 41). TXA
infused between 1 and 3 h also reduced the risk of death
due to bleeding (absolute reduction = 1.3%, number
needed to treat = 77), but a later administration (>3 h after
trauma) was associated with an increased risk of death
from bleeding compared with the risk among patients
receiving placebo (RR 1.44, 95% CI: 1.12–1.84;
P=0.004).28 There was no evidence that TXA increased
the risk of vascular occlusive events and, in a pre-speci-
fied analysis of the data collected when TXA was given
within 3 h of injury, there was even a reduction in the
odds of fatal and non-fatal vascular occlusive events (odds
ratio = 0.69, 95% CI: 0.53-0.89; P=0.005).29 Following the
publication of this study, the World Health Organization
(WHO) included TXA in their list of essential medicines
(available at: http://www.who.int/selection_medicines/commit-
tees/expert/18/applications/tranexamic/en). Since this semi-
nal study, a number of randomized clinical trials, system-
atic reviews and meta-analyses on the efficacy of anti-fib-
rinolytic agents have been published. The Cochrane sys-
tematic review regarding anti-fibrinolytic drugs for acute
traumatic injury found that, after the analysis of four tri-
als involving 20,548 patients, TXA reduced the risk of
death by 10% (RR 0.90, 95% CI: 0.85-0.96; P=0.002)
without increasing the risk of adverse events.30 
TXA has also been extensively studied in the setting of
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Table 1. Main results of randomized clinical trials assessing the use of tranexamic acid for acute bleeding.
Trial                     Study design                                    Patients enrolled                                    Main results

CRASH-227-29            Trauma patients with or at risk           20,211 patients (10,096 in TXA group          Reduction of any cause of death in TXA group versus placebo group (RR=0.91,
                                 of hemorrhage randomized to            and 10,115 in placebo group)                       95% CI: 0.85-0.97, P=0.0035); reduction of bleeding-related deaths in TXA
                                 receive TXA or placebo                                                                                                    group versus placebo group (RR=0.85, 95% CI: 0.76-0.96, P=0.0077); largest 
                                                                                                                                                                                  reduction when TXA was administered within 1 h after trauma 
                                                                                                                                                                                  (RR=0.68, 95% CI: 0.57-0.82, P<0.0001)
CRASH-333               Patients with traumatic brain              12,737 patients (6406 in TXA group             Reduction of the risk of head injury-related death in patients with
                                 injury (< 3 h) randomized                    and 6331 in placebo group)                          mild-to-moderate head injury receiving TXA (RR 0.78, 95% CI 0.64-0.95); 
                                 to receive TXA or placebo                                                                                                early TXA treatment was more effective than later TXA treatment in 
                                                                                                                                                                                  patients with mild and moderate head injury (P=0.005)
WOMAN38                Women with post-partum                     20,060 women (10,051 in TXA group            Reduction of deaths due to bleeding in women given TXA (RR=0.81, 
                                 hemorrhage randomized                      and 10,009 in placebo group)                       95% CI: 0.65-1.00; P=0.045), especially in women given treatment within
                                 to receive TXA or placebo                                                                                                3 h of giving birth (RR=0.69, 95% CI: 0.52-0.91; P=0.008)

TXA, tranexamic acid; RR, relative risk; CI, confidence interval.

traumatic brain injury, a leading cause of trauma deaths
often associated with alterations of hemostasis with the
features of hyperfibrinolysis.24,31 Meta-analysis of two
randomized trials examining the effect of TXA on out-
comes following traumatic brain injury showed a signifi-
cant reduction in the progression of intracranial hemor-
rhage.32 The results of the CRASH-3 trial were  published
recently.33 This trial included 12,737 patients who had iso-
lated acute traumatic brain injury (which occurred  within
3 h of random assignment to receive TXA (loading dose 1
g over 10 minutes ,then infusion of 1 g over 8 h) or place-
bo. TXA failed to reduce the primary endpoint, i.e. the
risk of head injury-related death. However, after the
exclusion of patients too severe to be saved, namely those
with a Glasgow Coma Scale score of 3 or unreactive bilat-
eral pupils at baseline, TXA reduced the risk of head
injury-related deaths compared to placebo (12.5% vs.
14.0%; RR 0.89, 95% CI: 0.80–1.00). In particular, TXA
decreased the risk of injury-related deaths in patients
with mild-to-moderate head injury (RR 0.78, 95% CI:
0.64–0.95) but not in those with severe head injury (Table
1). As in CRASH-2, early treatment was more effective
than more delayed treatment in patients with mild and
moderate head injury (P=0.005), with a 10% decrease in
treatment effectiveness for every 20 min delay. The risk
of vascular occlusive events was similar in the TXA and
placebo groups.33 Notably, the CRASH-3 trial was the first
RCT to show that a drug has neuroprotective properties
for patients with traumatic brain injury and even reduced
mortality. Finally, a very recently published meta-analysis
of six RCT on the effect of TXA, compared with placebo,
on traumatic brain injury showed that this medication
was associated with a reduced mortality (RR 0.91, 95%
CI: 0.85-0.97; P=0.0004).34
Very recent evidence also indicates that TXA usage

results in a significant reduction of obstetric bleeding.35-37
In the landmark randomized, double blind World
Maternal Antifibrinolytic (WOMAN) trial, more than
20,000 women with PPH following vaginal or Cesarean
delivery were assigned to receive either TXA (1 g TXA
intravenously as soon as possible, followed by a further 1
g if bleeding continued after 30 min or restarted within 24
h of the initial dose) or placebo.38 The trial showed a
decreased overall mortality due to bleeding in the TXA
group (RR 0.81, 95% CI: 0.65-1.00; P=0.045) (Table 1),
and no differences in venous or arterial thromboembolic

events were observed between women in the two arms.
Similarly to the CRASH trials, in the WOMAN trial
patients receiving TXA within 3 h from delivery had the
most marked mortality reduction (89 deaths in the TXA
group vs. 127 deaths in the placebo group, RR 0.69, 95%
CI: 0.52-0.91; P=0.008).38 Thanks to the results of this
global trial, a 2017 World Health Organization recom-
mendation for the treatment of PPH states that TXA
should be recognized as a life-saving intervention and
thus made readily available for the management of PPH
in settings in which emergency obstetric care is provided,
regardless of the level of healthcare system resources.39 In
addition, the recent NATA consensus statement recom-
mends the administration of TXA (1 g by intravenous
route) as soon as possible within the first 3 h after PPH
onset, with this dose repeated after 30 min if bleeding
continues (grade 1B recommendation).19
All in all, these large trials document with unequivocal

evidence the beneficial effect of early administration of
TXA in an array of patients with acute critical bleeding,
without increasing the risk of adverse events.40,41

Conclusions

Although TXA has been known for more than 50 years,
its successful use never ceases to amaze us. The incredi-
ble current interest in this old drug is demonstrated by the
increasing number of PubMed citations (589 in 2019) and
by the high number of trials listed at clinicaltrials.gov (432
at the time of writing). The current evidence in the litera-
ture documents the efficacy and safety of TXA in pre-
venting bleeding in a variety of at-risk conditions and
thanks to this effect TXA is nowadays an essential drug
in the therapeutic armamentarium of PBM-based proto-
cols developed  by the majority of hospitals worldwide
with the aim of minimizing patients’ exposure to allo-
geneic blood.42
The most recently published data show unequivocally

that TXA also plays a prominent role in the management
of critical bleeding. Indeed, considering the results of the
CRASH-2, CRASH-3 and WOMAN trials (remarkably,
CRASH-2 and CRASH-3 trials were truly independent
research, not funded by pharmaceutical companies),
more than 50,000 bleeding patients have been investigat-
ed so far for the hemostatic effect of TXA. Although
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with different designs, the results of these trials are very
similar and clear: TXA is effective in reducing the risk of
death due to bleeding regardless of the cause.
Furthermore, all these three trials identified early admin-
istration of the drug as a crucial issue for improving
patients’ outcome.
Additional striking evidence of the beneficial effect of

TXA in acute trauma patients comes from the increasing
use of this agent in the military setting.6 Indeed, the pos-
itive results of the CRASH-2 trial, conducted in civilian
trauma populations, triggered a series of studies evaluat-
ing TXA in combat trauma patients.5 The largest trial was
the retrospective observational Military Application of
Tranexamic Acid in Trauma Emergency Resuscitation
study (MATTERs),43 which evaluated TXA in subjects
with combat-related injury and found that the addition of

this anti-fibrinolytic agent to blood component-based
resuscitation resulted in a survival improvement, particu-
larly in patients requiring massive transfusion. Thus, on
the basis of the findings from the previously mentioned
trials, early administration (within 3 h of injury) of TXA
is now globally incorporated as an essential therapeutic
strategy in the majority of resuscitation protocols, not
only in civilian but also in military trauma centers. 
Finally, we would like to outline the safety aspects that

emerge from an overall analysis of the various RCT. The
risk of thromboembolic events – including pulmonary
embolism, deep-vein thrombosis,  myocardial infarction
and stroke – did not differ between the TXA and placebo
groups. These data provide definitive strong evidence
demonstrating the safety of TXA and render any residual
concern unjustified. 
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