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Efficacy and safety of tranexamic acid in acute haemorrhage
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What you need to know

• Tranexamic acid is a synthetic haemostatic drug that
inhibits fibrinolysis

• It is effective in reducing bleeding and mortality,
although to different extents in trauma, peripartum,
and surgical settings

• It is generally safe and inexpensive with few adverse
reactions, although further studies are needed to
assess its safety in settings of high thromboembolic
risk

A 33 year old woman in the fourth month of pregnancy
is referred to the emergency department because of
spontaneous massive antepartum haemorrhage. On
admissionher haemoglobin level hasdropped to 7 g/dL
and she is transfused with three packed red blood cell
units. Her coagulation parameters are normal but
sonography of the fetus reveals a formerly unknown
placenta praevia. Bleeding stops immediately after
placement into the vagina of a cotton swab soaked
with a 1000 mg vial of tranexamic acid. In addition,
on-demand oral therapy with tranexamic acid (1000
mg every eight hours) is prescribed at home during
minor bleedings for the rest of the pregnancy, enabling
successful delivery by caesarean section at week 31.

Acute haemorrhage
Haemorrhage is historically defined as the loss of
20% or more of the total blood volume (albeit recent
definitions are more focused on haemodynamics1),
which is associated with an increased risk of
morbidity and mortality. The most common causes

of severe blood loss include major surgery (especially
cardiovascular, liver, and orthopaedic interventions),
traumas, and the peripartum period.2 Postoperative,
peripartum, and trauma related bleeding often
requires blood transfusions which are lifesaving but
have drawbacks, such as scarcity of units, the risk of
mismatched transfusion, allergic reactions,
transfusion related acute lung injury, and transfusion
associated circulatory overload.2 To minimise the
need for transfusions in patients with acute bleeding,
several surgical procedures, anaesthetic techniques,
and haemostatic medications have been developed.
Among the haemostatic medications, tranexamic acid
is one of the most commonly used.

What is tranexamic acid?
Tranexamic acid is a synthetic lysine related
anti-fibrinolytic amino acid which binds reversibly
to the lysine receptor sites of plasminogen, thereby
inhibiting the interaction with formed plasmin and
fibrin.2 3 As a result, fibrin degradation is prevented,
and the framework of the fibrin’s matrix structure is
preserved.3 -5 Tranexamic acid is more commonly
used than the other lysine derivative ε-aminocaproic
acid (EACA) as it has a 10-fold greater potency.3

Because of its ability to inhibit fibrinolysis and clot
degradation, tranexamic acid has been used
successfully to prevent or reduce blood loss in various
clinical conditions characterised by excessive
bleeding6 7 in adults and in children over the age of
1.8 9 Characteristics of tranexamic acid are presented
in table 1.

Table 1 | Characteristics of tranexamic acid

Tranexamic acid

trans-4-aminomethylcyclohexanecarboxylic acidChemical name

Anti-fibrinolytic agent. Competitive inhibitor of plasminogen activationMechanism of action

250-500 mg tablets; 500 mg/5 mL vials; 1000 mg/10 mL vialsDosage forms

Oral, topical, or intravenousRoute of administration

15 mg/kg every 6-8 hours. Dose adjustment in patients with renal failure
according to serum creatinine levels. Tranexamic acid is approved in children
from 1 year of age. Dosages are calculated based on children’s weight

Dose

Changes to vision (with prolonged treatment). Gastrointestinal symptoms
and allergic reactions (skin rash). Concomitant use with oral contraceptives
or oestrogens may potentiate a hypercoagulable state. Uncertain risk for

venous thromboembolism

Adverse events

The drug is not a magic bullet, however.10 Since its
enthusiastic reception in the 1960s,11 researchers

have taken a more balanced view of its safety and
efficacy.12 13
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Howwell does tranexamic acid work in acute
haemorrhage?
Trials of tranexamic acid have been conducted in acute trauma,

surgery, gastrointestinal bleeding, and peripartum haemorrhage.
Key points are presented in the following sections and major trials
summarised in table 2. This article primarily focuses on the use of
intravenous tranexamic acid in the acute inpatient setting.

Table 2 | Clinical results of the largest randomised controlled trials on the use of tranexamic acid for the treatment of acute bleeding

ResultsPatients/controls (n)DesignTrial

Reduction of all-cause of death (placebo 16%
v tranexamic acid 14.5%; absolutemortality risk
reduction=1.5%; NTT=67; RR 0.91, 95%CI 0.85
to 0.97, P=0.0035) and bleeding-related death
(placebo 5.7% v tranexamic acid 4.9%;
absolute mortality risk reduction=0.8%;
NTT=125; RR 0.85, 95% CI 0.76 to 0.96,

P=0.0077)

10 096/10 115Trauma patients randomised to receive
tranexamic acid or placebo

CRASH-221

Reduction of the risk of head injury-related
death with tranexamic acid versus placebo in
patients treated within 3 hours of injury
(placebo 19.8% v tranexamic acid 18.5%;
absolute mortality risk reduction=1.3%;

NTT=77) and in patients withmild-to-moderate
head injury (RR 0.78, 95% CI 0.64 to 0.95)

6406/6331Patients with recent traumatic brain injury
randomised to receive tranexamic acid or

placebo

CRASH-314

Death caused by bleeding: placebo 1.9% v
tranexamic acid 1.5% (RR 0.81; 95% CI 0.65 to

1.00; P=0.045); absolute mortality risk
reduction=0.4%; NTT=250, and death if

tranexamic acid within 3 hours: placebo 1.7%
v tranexamic acid 1.2% (RR 0.69; 95% CI 0.52
to 0.91; P=0.008); absolute mortality risk

reduction=0.5%; NTT=200, and laparotomy to
control bleeding: placebo 1.3% v TXA 0.8%
(RR 0.64; 95% CI 0.49 to 0.85; P=0.002);
absolute mortality risk reduction=0.5%;
NTT=200, and no significant differences in
composite primary endpoint (death from all
causes or hysterectomy): placebo 5.5% v

tranexamic acid 5.3% or hysterectomy: placebo
3.5% v tranexamic acid 3.6%; RR 1.02, 95%

CI, 0.88 to 1.07; P=0.84

10 051/10 009Women with postpartum haemorrhage
randomised to receive tranexamic acid or

placebo

WOMAN15

Tranexamic acid did not reduce death from
gastrointestinal bleeding

(RR 0.99, 95% CI 0.82 to 1.18)

5994/6015Patients with acute gastrointestinal bleeding
randomised to receive tranexamic acid or

placebo

HALT-IT16

Tranexamic acid led to reduced mortality at 1
month (RR 0.79) and 6 months (RR 0.83), but
no difference in functional outcome at 6

months

661/646Trauma patients randomised to receive
tranexamic acid or placebo

PATCH17

Prophylactic tranexamic acid significantly
reduced postpartum haemorrhage incidence
(adjusted RR 0.84, 95% CI 0.75 to 0.94; P=

0.003) compared with placebo

2086/2067Women undergoing caesarean delivery
randomised to receive tranexamic acid or

placebo

TRAAP218

RR=risk ratio; NNT=number needed to treat

Trauma
Two randomised controlled trials (RCTs) (n=20 451) have assessed
the effect of tranexamic acid in acute trauma. The larger of these
(CRASH-2, n=20 211)15 was conducted in 40 countries and included
patients with a variety of trauma; the other (CRASH-3, n=240)16 was
restricted to those with traumatic brain injury. These trials found a
lower mortality rate in patients with acute traumatic injury receiving
tranexamic acid compared with the placebo group. In CRASH-2
(which, within eight hours of injury, infused 1 g tranexamic acid
over 10 minutes followed by 1 g over eight hours19), however, 65%
of all deaths and 55% of deaths within one hour were not related
to bleeding, and the bleeding-related absolute reduction of mortality
of 0.8% connotes a number needed to treat of 125. In addition,

CRASH-320 found a significant reduction in head injury-related
death (modified primary endpoint), but not in overall mortality
which was the original primary endpoint (only when patients with
poorer prognosis were excluded in a sensitivity analysis).21 The
international placebo controlled PATCH RCT which included 1310
adults with major trauma found that pre-hospital administration
of 1 g bolus tranexamic acid followed by 1 g infusion over eight
hours led to reduced mortality at one month (relative risk, RR, 0.79;
95% CI 0.63 to 0.99) but no difference in favourable functional
outcome at six months.17 22

A recent systematic review of tranexamic acid use in paediatric
trauma found that children treated with tranexamic acid had longer
survival despite more severe injuries and worse prognostic
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predictors compared with those who did not receive tranexamic
acid.23 The European Medicine Agency’s recommended dose of
tranexamic acid for children is generally 15 mg/kg of body weight
given by intravenous injection every 8-12 hours until bleeding is
controlled.9

Surgery
Tranexamic acid has been used successfully to reduce blood loss
in several surgical specialties, especially in cardiac and major
orthopaedic surgery.15 16 24 25 It is considered fundamental to blood
management programmes in transfusion medicine, which aim to
minimise perioperative blood loss and thus exposure to allogeneic
blood in elective surgeries.14 26 27 In the ATACAS RCT that included
4662 patients undergoing cardiac surgery, those randomised to
receive tranexamic acid had half the number of major haemorrhages
or episodes of cardiac tamponade (1.4% v 2.8%, P=0.001) compared
with those receiving placebo.28

In the POISE-3 RCT, tranexamic acid (1 g intravenously at the start
and end of surgery) was compared with placebo in 9535 patients
having non-cardiac surgery who were at risk for bleeding and
cardiovascular events and were receiving one or more long term
antihypertensive medications. The trial found a significantly lower
incidence of composite bleeding (life threatening bleeding, major
bleeding, or bleeding into a critical organ) at 30 days (9.1% v 11.7%,
hazard ratio, HR, 0.76, 95% CI 0.67 to 0.87, equivalent to a number
needed to treat of 38), but not of cardiovascular events (14.2% v
13.9%, HR 1.02, 95% CI 0.92 to 1.14) in the tranexamic acid-treated
group than in the placebo group.29

Gastrointestinal and other acute haemorrhages
In the HALT-IT RCT conducted in patients with acute gastrointestinal
bleeding, tranexamic acid did not reduce deaths (risk ratio 0.99,
95% CI 0.82 to 1.18)30 and showed an increased risk of venous
thromboembolic events (RR 1.85, 95 CI 1.15 to 2.98) and seizures (RR
1.73, 95% CI 1.03 to 2.93),31 potentially because of the high
tranexamic acid dose (4 g) or late treatment initiation. Similarly,
no beneficial effect was seen in patients with haematological
malignancy in the A-TREAT study,32 in patients with intracerebral
haemorrhage in the STOP-AUST study,33 or those with subarachnoid
haemorrhage in the ULTRA study.34 For hyperacute primary
intracerebral haemorrhage, the TICH-2 study did not show a better
functional outcome after 90 days for tranexamic acid compared
with placebo.35

Peripartum haemorrhage
The WOMAN RCT was conducted in women with postpartum
haemorrhage (PPH) after vaginal delivery or caesarean section (table
2) and found a marginal but statistically significant effect of 1 g
intravenous tranexamic acid (followed by another 1 g if bleeding
continued) on reduction of death caused by bleeding (RR 0.81, 95%
CI 0.65 to 1.00; P=0.045).36 This absolute reduction was 0.4% (death
caused by bleeding) or 0.5% (death if tranexamic acid was given
within three hours of delivery), implying a number needed to treat
of 250 and 200, respectively, to prevent one death.37 In the recent
E-MOTIVE RCT recruiting 210 132 women undergoing vaginal
deliveries in southern Africa, a holistic multi-component
intervention (which included tranexamic acid) reduced major
bleeding and maternal mortality following postpartum haemorrhage
compared with usual care (1.6% v 4.3%, risk ratio, 0.4, 95% CI 0.32
to 0.50, P<0.001).38 A Cochrane systematic review on three RCTs
involving 20 412 women concluded that tranexamic acid
administered intravenously reduces mortality caused by bleeding
in women with primary postpartum haemorrhage, irrespective of

mode of birth, and without increasing the risk of thromboembolic
events.39

In the TRAAP2 RCT, among 4551 women who underwent caesarean
delivery and received prophylactic uterotonic agents, prophylactic
administration of tranexamic acid resulted in a statistically
significantly lower incidence of calculated estimated blood loss
>1000 mL or red cell transfusion by day two than placebo (reduction
of blood loss of 107 mL (-63 to -152 mL).40 41 In contrast, a double
blind RCT of 10 995 women undergoing caesarean section found no
reduction in red blood cell transfusions but a modest decrease in
the use of uterotonics when delivering 1 g intravenous tranexamic
acid immediately after cord clamping. Prophylactic intravenous
tranexamic acid did not improve blood loss-related outcomes in
another RCT on 4079 women with single pregnancy and vaginal
delivery.42 Finally, an overview including 14 systematic reviews of
tranexamic acid after caesarean section concluded that prophylactic
tranexamic acid may reduce blood transfusion, but rigorous well
designed research is still needed due to the limitations of the
included studies.43

What are the harms?
Serious adverse events
The main perceived risk of tranexamic acid is the onset of thrombotic
complications owing to its inhibition of fibrinolysis, which is a
natural mechanism of defence against thrombus formation. Most
publications do not systematically search for thromboembolic
complications or even exclude patients at risk, and this
between-studies clinical heterogeneity could represent a serious
limitation for meta-analyses. Evidence is conflicting and often
lacking, but we believe there is an increased risk for those already
at high risk of thrombosis. For example, a meta-analysis of 216
clinical trials including 125 550 participants did not find an
association between intravenous tranexamic acid treatment and
thromboembolic events, and no increased risk of vascular occlusive
events in patients with a history of previous thromboembolism.44

The TRAAP-2 trial, which evaluated the effect of tranexamic acid
in preventing blood loss in 4153 caesarean deliveries, found an
adjusted risk ratio (aRR) for deep vein thrombosis or pulmonary
embolism of 4.01 (95% CI 0.85 to 18.92) three months after delivery
and an aRR for arterial embolisation, emergency surgery, or
hysterectomy of 1.84 (95% CI 0.73 to 4.62).40 In trauma, tranexamic
acid is a potential adjunctive thromboembolic risk factor,45 and a
recent meta-analysis found an odds ratio (OR) of 2.60 (95% CI 1.7
to 4.1; P<0.001) for the development of thromboembolic events after
tranexamic acid administration.46 Another meta-analysis found a
pooled incidence of in-hospital thrombotic events of 5.9% (95% CI
3.3% to 8.5%), about three times higher than that reported in the
CRASH-2 trial (2.0%, 95% CI 1.8% to 2.3%).47 Nevertheless, a recent
systematic review and meta-analysis, including 73 RCTs and
evaluating the safety of tranexamic acid in the setting of orthopaedic
surgery (a procedure carrying an increased thromboembolic risk),
found a similar incidence of venous thrombotic events in tranexamic
acid -treated patients and controls.48

The profound toxicity of inadvertent intrathecal tranexamic acid
administration in place of obstetric spinal anaesthesia resulted in
a 50% mortality owing to neurotoxicity and seizures across case
reports and series.49

Minor adverse events
Other side effects of tranexamic acid use include visual changes or
involve the gastrointestinal tract, and are typically dose dependent.
Gastrointestinal symptoms, which include nausea, vomiting,
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dyspepsia, and diarrhoea, often subside with dose reduction.
Hypotension and bradycardia may occur with excessively rapid
intravenous infusion. Seizures have been reported with tranexamic
acid administration, especially at high doses.3 Hypersensitivity
reactions, such as rash and rarely anaphylaxis, may occur.
Tranexamic acid is contraindicated in patients with haematuria
because blood from the upper urinary tract can provoke painful
clot retention.3

How cost effective is tranexamic acid?
Tranexamic acid is inexpensive and widely available. In addition,
its use in patient blood management programmes has shown
potential to improve patients’ outcomes and thus reduce hospital
related costs (in terms of length of stay in hospital and transfusion
requirements). Tranexamic acid is about 1000 times cheaper per
treatment course than recombinant factor VII activated (rFVIIa),
which is shown to be beneficial in preventing obstetric
haemorrhage.50 A head-to-head cost effectiveness analysis between
these two agents has not yet been performed, however.

Tranexamic acid at vaginal delivery has a 65-73% probability of
saving costs from hospital resources51 and is likely to be cost
effective in countries in sub-Saharan Africa and southern Asia that
have a high baseline risk of death from bleeding.18

How does tranexamic acid compare with other
treatments?
Tranexamic acid is usually preferred to the other authorised
antifibrinolytic agent EACA because it is 10 times more potent and
has fewer adverse effects, particularly those involving the
gastrointestinal tract. Tranexamic acid can be used in association
with the synthetic agent desmopressin to further reduce bleeding.52

A recent systematic review, assessing the safety and efficacy of the
haemostatic agents tranexamic acid, desmopressin, and aprotinin
to reduce bleeding and transfusion in major open vascular and
endovascular surgery, suggested no effect of tranexamic acid on
the risk of thromboembolic events, but did not reach definitive
conclusions regarding superiority in terms of efficacy (primary
outcomes analysed: all-cause mortality and units of red blood cells
transfused) over other agents because of the low certainty of
evidence from the RCTs included.53

Education into practice

• How often do you consider tranexamic acid for the management of
surgery or trauma related acute haemorrhagic complications?

• How many tranexamic acid related thromboembolic complications
have you seen during your practice?

How patients were involved in the creation of this article

Members of the Italian Association of Anticoagulated Patients (AIPA),
section of Mantua (Italy), reviewed this paper and made suggestions
regarding content and clarity of the manuscript, in particular on dosages
and safety issues.

Search strategy

On June 1 2023 we searched PubMed (NLM database) and the Cochrane
Library using the terms “tranexamic acid”, “acute hemorrhage”, “trauma”,
and “obstetrics” for clinical studies and systematic reviews exploring
the safety and effectiveness of tranexamic acid in haemorrhage. We used
no temporal limits and searched only for papers in English. In addition
to this electronic search, we also screened the reference lists of the most
relevant reviews and original articles for additional studies not captured
in our initial literature search.

Advisers to this series are Robin Ferner and Patricia McGettigan.

Competing interests: The BMJ has judged that there are no disqualifying financial ties to commercial
companies. The authors declare the following other interests: none.

Provenance and peer review: commissioned; externally peer reviewed.

1 Stanworth SJ, Dowling K, Curry N, etalTransfusion Task Force of the British Society for
Haematology. Haematological management of major haemorrhage: a British Society for
Haematology Guideline. Br J Haematol 2022;198:-67. doi: 10.1111/bjh.18275. pmid: 35687716

2 Mannucci PM, Levi M. Prevention and treatment of major blood loss. N Engl J Med 2007;356:-11.
doi: 10.1056/NEJMra067742. pmid: 17538089

3 Mannucci PM. Hemostatic drugs. N Engl J Med 1998;339:-53.
doi: 10.1056/NEJM199807233390407. pmid: 9673304

4 Franchini M, Mannucci PM. Adjunct agents for bleeding. Curr Opin Hematol 2014;21:-8.
doi: 10.1097/MOH.0000000000000084. pmid: 25159711

5 Franchini M, Mannucci PM. The never ending success story of tranexamic acid in acquired
bleeding. Haematologica 2020;105:-5. doi: 10.3324/haematol.2020.250720. pmid: 32336684

6 Schulman S. Pharmacologic tools to reduce bleeding in surgery. Hematology Am Soc Hematol
Educ Program 2012;2012:-21. doi: 10.1182/asheducation.V2012.1.517.3798536. pmid: 23233628

7 Cai J, Ribkoff J, Olson S, etal. The many roles of tranexamic acid: an overview of the clinical
indications for TXA in medical and surgical patients. Eur J Haematol 2020;104:-87.
doi: 10.1111/ejh.13348. pmid: 31729076

8 European Medicines Agency (EMA). Assessment report. Antifibrinolytics containing aprotinin,
aminocaproic acid and tranexamic acid. Tranexamic acid. 2012https://www.ema.europa.eu/en/doc-
uments/referral/assessment-report-antifibrinolytic-medicines-tranexamic-acid_en.pdf

9 Goobie SM, Faraoni D. Tranexamic acid and perioperative bleeding in children: what do we still
need to know?Curr Opin Anaesthesiol 2019;32:-52.
doi: 10.1097/ACO.0000000000000728. pmid: 30893114

10 Butwick AJ, Deneux-Tharaux C, Sentilhes L. Tranexamic acid for the management of obstetric
hemorrhageObstet Gynecol 2017;130:.
doi: 10.1097/AOG.0000000000002384. pmid: 29189683

11 Dubber AH, McNicol GP, Douglas AS. Amino methyl cyclohexane carboxylic acid (AMCHA), a
new synthetic fibrinolytic inhibitor. Br J Haematol 1965;11:-45.
doi: 10.1111/j.1365-2141.1965.tb06583.x. pmid: 14262183

12 Lier H, Maegele M, Shander A. Tranexamic acid for acute hemorrhage: a narrative review of
landmark studies and a critical reappraisal of its use over the last decadeAnesth Analg
2019;129:-84. doi: 10.1213/ANE.0000000000004389. pmid: 31743178

13 Heidet M.Tranexamic acid for acute traumatic hemorrhage in emergency medicine: why not,
but…Eur J Emerg Med 2020;27:-6. doi: 10.1097/MEJ.0000000000000671

14 Franchini M,Muñoz M. Towards the implementation of patient bloodmanagement across Europe.
Blood Transfus 2017;15:-3. doi: 10.2450/2017.0078-17

15 Jiang X, Ma XL, Ma JX. Efficiency and safety of intravenous tranexamic acid in simultaneous
bilateral total knee arthroplasty: a systematic review andmeta-analysis. Orthop Surg 2016;8:-93.
doi: 10.1111/os.12256. pmid: 27627710

16 Lin ZX,Woolf SK. Safety, efficacy, and cost-effectiveness of tranexamic acid in orthopedic surgery.
Orthopedics 2016;39:-30. doi: 10.3928/01477447-20160301-05. pmid: 26942474

17 Gruen RL, Mitra B, Bernard SA, etalPATCH-Trauma Investigators and the ANZICS Clinical Trials
Group. Prehospital tranexamic acid for severe trauma. N Engl J Med 2023;389:-36.
doi: 10.1056/NEJMoa2215457. pmid: 37314244

18 Li B, Miners A, Shakur H, Roberts IWOMAN Trial Collaborators. Tranexamic acid for treatment
of women with post-partum haemorrhage in Nigeria and Pakistan: a cost-effectiveness analysis
of data from the WOMAN trial. Lancet Glob Health 2018;6:-8.
doi: 10.1016/S2214-109X(17)30467-9. pmid: 29389542

19 Roberts I, Shakur H, Afolabi A, etalThe importance of early treatment with tranexamic acid in
bleeding trauma patients: an exploratory analysis of the CRASH-2 randomised controlled trial.
Lancet 2011;377:-101. doi: 10.1016/S0140-6736(11)60278-X

20 CRASH-3 trial collaborators. Effects of tranexamic acid on death, disability, vascular occlusive
events and other morbidities in patients with acute traumatic brain injury (CRASH-3): a
randomised, placebo-controlled trial. Lancet 2019;394:-23.
doi: 10.1016/S0140-6736(19)32233-0. pmid: 31623894

21 Heymann EP. Tranexamic acid in traumatic intracranial bleeding: recognizing the limit of results
(of the CRASH-3 trial). Eur J Emerg Med 2020;27:-4. doi: 10.1097/MEJ.0000000000000657

22 Shakur-Still H, Roberts I. Tranexamic acid for trauma patients—more lives to save and outcomes
to consider. N Engl J Med 2023;389:-3. doi: 10.1056/NEJMe2305075. pmid: 37314242

23 Kornelsen E, Kuppermann N, Nishijima DK, etal. Effectiveness and safety of tranexamic acid in
pediatric trauma: a systematic review and meta-analysis. Am J Emerg Med 2022;55:-10.
doi: 10.1016/j.ajem.2022.01.069. pmid: 35305468

24 Gerstein NS, Brierley JK, Windsor J, etal. Antifibrinolytic agents in cardiac and noncardiac surgery:
a comprehensive overview and update. J Cardiothorac Vasc Anesth 2017;31:-205.
doi: 10.1053/j.jvca.2017.02.029. pmid: 28457777

25 Henry DA, Carless PA, Moxey AJ, etal. Anti-fibrinolytic use for minimising perioperative allogeneic
blood transfusion. Cochrane Database Syst Rev 2011;2011:CD001886.
doi: 10.1002/14651858.CD001886.pub4. pmid: 21412876

the bmj | BMJ 2024;384:e075720 | doi: 10.1136/bmj-2023-0757204

PRACTICE

 on 9 January 2024 at B
iblioteca M

eneghetti. P
rotected by copyright.

http://w
w

w
.bm

j.com
/

B
M

J: first published as 10.1136/bm
j-2023-075720 on 4 January 2024. D

ow
nloaded from

 

https://www.ema.europa.eu/en/documents/referral/assessment-report-antifibrinolytic-medicines-tranexamic-acid_en.pdf
https://www.ema.europa.eu/en/documents/referral/assessment-report-antifibrinolytic-medicines-tranexamic-acid_en.pdf
http://www.bmj.com/


26 Franchini M, Liumbruno GM. The key role of tranexamic acid in patient blood management
programmes. Blood Transf 2018;16:-2. doi: 10.2450/2018.0177-18

27 Franchini M,Marano G, Veropalumbo E, etalPatient bloodmanagement: a revolutionary approach
to transfusion medicine. Blood Transf 2019;17:-5. doi: 10.2450/2019.0109-19

28 Myles PS, Smith JA, Forbes A, etalATACAS Investigators of the ANZCA Clinical Trials Network.
Tranexamic acid in patients undergoing coronary-artery surgery. N Engl J Med 2017;376:-48.
doi: 10.1056/NEJMoa1606424. pmid: 27774838

29 Devereaux PJ, Marcucci M, Painter TW, etalPOISE-3 Investigators. Tranexamic acid in patients
undergoing noncardiac surgery. N Engl J Med 2022;386:-97.
doi: 10.1056/NEJMoa2201171. pmid: 35363452

30 HALT-IT Trial Collaborators. Effects of a high-dose 24-h infusion of tranexamic acid on death and
thromboembolic events in patients with acute gastrointestinal bleeding (HALT-IT): an international
randomised, double-blind, placebo-controlled trial. Lancet 2020;395:-36.
doi: 10.1016/S0140-6736(20)30848-5. pmid: 32563378

31 Perner A, Møller MH. Tranexamic acid for severe gastrointestinal bleeding. Lancet 2020;395:-6.
doi: 10.1016/S0140-6736(20)30975-2. pmid: 32563356

32 Gernsheimer TB, Brown SP, Triulzi DJ, etal. Prophylactic tranexamic acid in patients with
hematologic malignancy: a placebo-controlled, randomized clinical trial. Blood 2022;140:-62.
doi: 10.1182/blood.2022016308. pmid: 35667085

33 Meretoja A, Yassi N, Wu TY, etal. Tranexamic acid in patients with intracerebral haemorrhage
(STOP-AUST): a multicentre, randomised, placebo-controlled, phase 2 trial. Lancet Neurol
2020;19:-7. doi: 10.1016/S1474-4422(20)30369-0. pmid: 33128912

34 Post R, Germans MR, Tjerkstra MA, etalULTRA Investigators. Ultra-early tranexamic acid after
subarachnoid haemorrhage (ULTRA): a randomised controlled trial. Lancet 2021;397:-8.
doi: 10.1016/S0140-6736(20)32518-6. pmid: 33357465

35 Sprigg N, Flaherty K, Appleton JP, etalTICH-2 Investigators. Tranexamic acid for hyperacute
primary IntraCerebral Haemorrhage (TICH-2): an international randomised, placebo-controlled,
phase 3 superiority trial. Lancet 2018;391:-15.
doi: 10.1016/S0140-6736(18)31033-X. pmid: 29778325

36 Letson HL, Dobson GP. Tranexamic acid for post-partum haemorrhage in the WOMAN trial.
Lancet 2017;390:-2. doi: 10.1016/S0140-6736(17)31947-5. pmid: 28980953

37 WOMAN Trial Collaborators. Effect of early tranexamic acid administration on mortality,
hysterectomy, and other morbidities in women with post-partum haemorrhage (WOMAN): an
international, randomised, double-blind, placebo-controlled trial. Lancet 2017;389:-16.
doi: 10.1016/S0140-6736(17)30638-4. pmid: 28456509

38 Gallos I, Devall A, Martin J, etal. Randomized trial of early detection and treatment of postpartum
hemorrhage. N Engl J Med 2023;389:-21. doi: 10.1056/NEJMoa2303966. pmid: 37158447

39 Shakur H, Beaumont D, Pavord S, Gayet-Ageron A, Ker K, Mousa HA. Antifibrinolytic drugs for
treating primary postpartum haemorrhage. Cochrane Database Syst Rev 2018;2:CD012964.
doi: 10.1002/14651858.CD012964. pmid: 29462500

40 Sentilhes L, Sénat MV, Le Lous M, etalGroupe de Recherche en Obstétrique et Gynécologie.
Tranexamic acid for the prevention of blood loss after cesarean delivery. N Engl J Med
2021;384:-34. doi: 10.1056/NEJMoa2028788. pmid: 33913639

41 Roullet S, Rivoire T, Houssin C, etal. Hemostatic effects of tranexamic acid in cesarean delivery:
an ancillary study of the TRAAP2 Study. Thromb Haemost 2022;122:-78.
doi: 10.1055/s-0042-1755379. pmid: 36075235

42 Sentilhes L,Winer N, Azria E, etalGroupe de Recherche enObstétrique et Gynécologie. Tranexamic
acid for the prevention of blood loss after vaginal delivery. N Engl J Med 2018;379:-42.
doi: 10.1056/NEJMoa1800942. pmid: 30134136

43 Hurskainen T, Deng MX, Etherington C, etal. Tranexamic acid for prevention of bleeding in
cesarean delivery: an overview of systematic reviews. Acta Anaesthesiol Scand 2022;66:-16.
doi: 10.1111/aas.13981. pmid: 34514595

44 Taeuber I, Weibel S, Herrmann E, etal. Association of intravenous tranexamic acid with
thromboembolic events andmortality: a systematic review, meta-analysis, andmeta-regression.
JAMA Surg 2021;156:e210884. doi: 10.1001/jamasurg.2021.0884. pmid: 33851983

45 Al-Jeabory M, Szarpak L, Attila K, etal. Efficacy and safety of tranexamic acid in emergency trauma:
a systematic review and meta-analysis. J Clin Med 2021;10:.
doi: 10.3390/jcm10051030. pmid: 33802254

46 Wirtz MR, Schalkers DV, Goslings JC, Juffermans NP. The impact of blood product ratio and
procoagulant therapy on the development of thromboembolic events in severely injured
hemorrhaging trauma patients. Transfusion 2020;60:-82. doi: 10.1111/trf.15917. pmid: 32579252

47 Benipal S, Santamarina JL, Vo L, Nishijima DK.Mortality and thrombosis in injured adults receiving
tranexamic acid in the post-CRASH-2 era. West J Emerg Med 2019;20:-53.
doi: 10.5811/westjem.2019.4.41698. pmid: 31123544

48 Franchini M, Mengoli C, Marietta M, etalSafety of intravenous tranexamic acid in patients
undergoing majororthopaedic surgery: a meta-analysis of randomised controlled trials.Blood
Transf 2018;16:-43. doi: 10.2450//2017.0219-17

49 Moran NF, Bishop DG, Fawcus S, etal. Tranexamic acid at cesarean delivery: drug-error
deathsBJOG 2023;130:-7. doi: 10.1111/1471-0528.17292. pmid: 36300729

50 Franchini M, Franchi M, Bergamini V, etal. The use of recombinant activated FVII in postpartum
hemorrhage. Clin Obstet Gynecol 2010;53:-27.

51 Durand-Zaleski I, Deneux-Tharaux C, Seco A, Malki M, Frenkiel J, Sentilhes Lfor TRAAP study
group. An economic evaluation of tranexamic acid to prevent postpartum haemorrhage in women
with vaginal delivery: the randomised controlled TRAAP trial. BJOG 2021;128:-20.
doi: 10.1111/1471-0528.16456. pmid: 32770781

52 Ozal E, Kuralay E, Bingöl H, Cingöz F, Ceylan S, Tatar H. Does tranexamic acid reduce
desmopressin-induced hyperfibrinolysis?J Thorac Cardiovasc Surg 2002;123:-43.
doi: 10.1067/mtc.2002.117281. pmid: 11882828

53 Beverly A, Ong G, Kimber C, etal. Drugs to reduce bleeding and transfusion inmajor open vascular
or endovascular surgery: a systematic review and network meta-analysis. Cochrane Database
Syst Rev 2023;2:CD013649.

5the bmj | BMJ 2024;384:e075720 | doi: 10.1136/bmj-2023-075720

PRACTICE

 on 9 January 2024 at B
iblioteca M

eneghetti. P
rotected by copyright.

http://w
w

w
.bm

j.com
/

B
M

J: first published as 10.1136/bm
j-2023-075720 on 4 January 2024. D

ow
nloaded from

 

http://www.bmj.com/

