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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
WOMAN Trial Collaborators*

Summary

Background Post-partum haemorrhage is the leading cause of maternal death worldwide. Early administration of
tranexamic acid reduces deaths due to bleeding in trauma patients. We aimed to assess the effects of early administration
of tranexamic acid on death, hysterectomy, and other relevant outcomes in women with post-partum haemorrhage.
Methods In this randomised, double-blind, placebo-controlled trial, we recruited women aged 16 years and older with a
clinical diagnosis of post-partum haemorrhage after a vaginal birth or caesarean section from 193 hospitals in 21 countries.
We randomly assigned women to receive either 1 g intravenous tranexamic acid or matching placebo in addition to usual
care. If bleeding continued after 30 min, or stopped and restarted within 24 h of the first dose, a second dose of 1 g of
tranexamic acid or placebo could be given. Patients were assigned by selection of a numbered treatment pack from a box
containing eight numbered packs that were identical apart from the pack number. Participants, care givers, and those
assessing outcomes were masked to allocation. We originally planned to enrol 15 000 women with a composite primary
endpoint of death from all-causes or hysterectomy within 42 days of giving birth. However, during the trial it became
apparent that the decision to conduct a hysterectomy was often made at the same time as randomisation. Although
tranexamic acid could influence the risk of death in these cases, it could not affect the risk of hysterectomy. We therefore
increased the sample size from 15 000 to 20 000 women in order to estimate the effect of tranexamic acid on the risk of
death from post-partum haemorrhage. All analyses were done on an intention-to-treat basis. This trial is registered with
ISRCTN76912190 (Dec 8, 2008); ClinicalTrials.gov, number NCT00872469; and PACTR201007000192283.
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Findings Between March, 2010, and April, 2016, 20 060 women were enrolled and randomly assigned to receive
tranexamic acid (n=10 051) or placebo (n=10 009), of whom 10 036 and 9985, respectively, were included in the analysis.
Death due to bleeding was significantly reduced in women given tranexamic acid (155 [1·5%] of 10 036 patients vs 191
[1·9%] of 9985 in the placebo group, risk ratio [RR] 0·81, 95% CI 0·65–1·00; p=0·045), especially in women given
treatment within 3 h of giving birth (89 [1·2%] in the tranexamic acid group vs 127 [1·7%] in the placebo group,
RR 0·69, 95% CI 0·52–0·91; p=0·008). All other causes of death did not differ significantly by group. Hysterectomy
was not reduced with tranexamic acid (358 [3·6%] patients in the tranexamic acid group vs 351 [3·5%] in the placebo
group, RR 1·02, 95% CI 0·88–1·07; p=0·84). The composite primary endpoint of death from all causes or hysterectomy
was not reduced with tranexamic acid (534 [5·3%] deaths or hysterectomies in the tranexamic acid group vs 546 [5·5%]
in the placebo group, RR 0·97, 95% CI 0·87-1·09; p=0·65). Adverse events (including thromboembolic events) did
not differ significantly in the tranexamic acid versus placebo group.
Interpretation Tranexamic acid reduces death due to bleeding in women with post-partum haemorrhage with no
adverse effects. When used as a treatment for postpartum haemorrhage, tranexamic acid should be given as soon as
possible after bleeding onset.
Funding London School of Hygiene & Tropical Medicine, Pfizer, UK Department of Health, Wellcome Trust, and
Bill & Melinda Gates Foundation.
Copyright © The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 4.0
license.

Introduction
Primary post-partum haemorrhage, usually defined as a
blood loss of more than 500 mL within 24 h of giving
birth, is the leading cause of maternal death worldwide,
responsible for about 100 000 deaths every year.1–3 Most of
the deaths occur soon after giving birth and almost

all (99%) occur in low-income and middle-income
countries.4,5
Tranexamic acid reduces bleeding by inhibiting the
enzymatic breakdown of fibrinogen and fibrin by
plasmin.6 Findings of a systematic review of clinical trials
of tranexamic acid in surgery showed that the drug
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Research in context
Evidence before this study
Before the WOMAN trial, there was evidence that
antifibrinolytics reduced surgical blood loss and re-operation to
control bleeding. To assess the effects of anti-fibrinolytics in
post-partum haemorrhage, we did a systematic review of
randomised trials published in any language. We searched the
following databases up to November, 2008: MEDLINE,
PubMed, Embase, Cochrane Central Register of Controlled trials,
Web of Science, metaRegister of controlled trials, LILACS,
Reproductive Health Library, African Health-line, POPLINE,
MedCarib, CINAHL, Clinicaltrials.gov, and the reference lists of
eligible trials. Search terms have been published previously
(Ferrer P, 2009). We found no trials of antifibrinolytics in postpartum haemorrhage. In 2010, while the WOMAN trial was
underway, findings of an international multicentre randomised
trial of 20 211 bleeding trauma patients (the CRASH-2 trial)
showed that tranexamic acid reduced death due to bleeding
with no apparent increase in vascular occlusive events.
Subgroup analyses showed that tranexamic acid was only
effective when given within 3 h of injury. In 2012, WHO
guidelines recommended that tranexamic acid should be used
for the treatment of post-partum haemorrhage when
uterotonics fail to control the bleeding or when the bleeding is
thought to be due to trauma. The evidence for this
recommendation was extrapolated from trials in surgery and

For the protocol see
http://www.txacentral.org/
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reduces blood loss by about one third.7,8 Tranexamic acid
reduces death due to bleeding in patients with trauma.
The CRASH-2 trial,9 which recruited 20 211 adults with
acute traumatic bleeding, showed that tranexamic acid
reduced death due to bleeding, with no apparent increase
in vascular occlusive events. Planned subgroup analysis
of the effect of tranexamic acid by time from injury to the
start of treatment showed that early treatment is
essential. In patients given treatment within 3 h of injury,
tranexamic acid reduced death due to bleeding by nearly
one third. However, when given after 3 h, there was no
benefit.10 Early activation of fibrinolysis is common after
trauma and is associated with increased mortality.11
Trauma triggers the release of tissue plasminogen
activator, the enzyme that converts plasminogen to the
fibrinolytic enzyme plasmin.12,13
Early activation of fibrinolysis is also recorded after
childbirth. Within 1 h of giving birth, the serum
concentration of tissue plasminogen activator doubles,
possibly because of tissue damage during childbirth;14
thereafter, the concentration falls.14 On the basis of
results of clinical trials in surgery and trauma,
tranexamic acid is recommended for the treatment of
primary post-partum haemorrhage if uterotonics fail to
control the bleeding or if the bleeding is thought to be
due to trauma.1 However, further trials of tranexamic
acid in primary post-partum haemorrhage are needed.1
Here we aimed to address this research gap and assess

trauma showing that tranexamic acid was a safe option for the
treatment of trauma-related bleeding.
Added value of this study
The WOMAN trial results show that the effect of tranexamic
acid in post-partum haemorrhage is consistent with the effects
recorded in surgery and trauma. There was a significant
reduction in death due to bleeding and laparotomy to control
bleeding with tranexamic acid and no evidence of any increased
risk of thromboembolic events. With regards to time to
treatment, when set in the context of results from trauma, early
treatment also seems to be more effective. There is no evidence
that the effect of tranexamic acid varies by cause of bleeding or
type of birth. Tranexamic acid did not prevent hysterectomy
possibly because this is done so soon after the onset of primary
post-partum haemorrhage that there is little time for
tranexamic acid to have an effect.
Implications of all the available evidence
Our results support the inclusion of tranexamic acid in WHO
treatment guidelines for primary post-partum haemorrhage
but suggest that treatment should be given as soon as possible
after onset. Future research should assess the bioavailability of
tranexamic acid after alternative (non-intravenous) routes of
administration because this might facilitate its use in primary
health-care settings.

the effects of early administration of tranexamic acid on
death, hysterectomy, and other relevant outcomes in
women with post-partum haemorrhage.

Methods

Study design and participants
The WOMAN (World Maternal Antifibrinolytic) trial is
an international, randomised, double-blind placebocontrolled trial of women aged 16 years and older with a
clinical diagnosis of post-partum haemorrhage after a
vaginal birth or caesarean section done in 193 hospitals
in 21 countries. Although the diagnosis was clinical, we
specified that diagnosis of primary post-partum
haemorrhage could be based on clinically estimated
blood loss of more than 500 mL after vaginal birth or
1000 mL after caesarean section or any blood loss
sufficient to compromise haemodynamic stability. The
fundamental eligibility criterion was the clinician’s
uncertainty about whether to use tranexamic acid in a
particular woman with post-partum haemorrhage.
Patients received all usual care but were also randomly
allocated to receive tranexamic acid or placebo.
The trial was done in accordance with the good clinical
practice guidelines by the International Conference on
Harmonisation.15 The consent procedures are described
in detail in the protocol.16 The procedure at each site was
approved by the relevant ethics committee and regulatory
agencies. In summary, consent was obtained from
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women if their physical and mental capacity allowed (as
judged by the treating clinician). If a woman was unable
to give consent, proxy consent was obtained from a
relative or representative. If a proxy was unavailable, then
if permitted by local regulation, consent was deferred or
waived. When consent was deferred or given by a proxy,
the woman was informed about the trial as soon as
possible, and consent was obtained for ongoing data
collection, if needed.

Randomisation and masking

tranexamic acid or placebo, two syringes and needles,
stickers with the trial details and randomisation number
(for attaching to data forms and medical records) and
instructions. Every box had information leaflets for
participants and their representatives, consent forms, and
data collection forms. The stickers, instructions, leaflets,
and forms were translated into local languages. Outcome
data were collected at death, discharge or 6 weeks (42 days)
after randomisation (whichever occurred first). Adverse
events were reported up to day 42.

After eligibility was confirmed and consent procedures
completed, baseline information was collected on the
entry form. Patients were then randomly allocated to
receive tranexamic acid or placebo by selection of the
lowest numbered treatment pack from a box containing
eight numbered packs that were identical apart from the
pack number. The randomisation codes were generated
and held by an independent statistical consultant from
Sealed Envelope Ltd (UK). The codes were given to the
drug packers so that treatment packs could be prepared
in accordance with the randomisation list. Once the
treatment pack was opened and the ampoules were
confirmed as intact, the patient was considered to be
randomly assigned. After randomisation, outcome data
were obtained for every participant even if the treatment
was not given. Participants, caregivers, and study staff
(site investigators and trial coordinating centre staff)
were masked to treatment allocation. An emergency unblinding service was available via Sealed Envelope Ltd.
The tranexamic acid (cyklokapron injection) used in
the trial was manufactured by Pfizer Ltd, Sandwich, UK.
The matching placebo (sodium chloride 0·9%) was
prepared by South Devon Healthcare NHS Trust, Devon,
UK. Ampoules and packaging were identical in
appearance. The masking was done by Brecon
Pharmaceuticals Limited, Hereford, UK and involved the
removal of the original manufacturer’s label and
replacement with the clinical trial label bearing the
randomisation number, which was used as the pack
identification. Apart from the randomisation number, all
pack label texts were identical for tranexamic acid and
placebo. Correct masking and coding of ampoules was
checked by independent random testing of each batch by
high-performance liquid chromatography to confirm the
contents of the ampoules.

Outcomes

Procedures

We published a statistical analysis plan before the
allocation was unblinded.18 This plan included details of a
protocol amendment to increase the sample size. Before
the trial started, we anticipated a baseline event rate
of 2·5% for death and 2·5% for hysterectomy. Assuming
a control group event rate of 2·5% for death and 2·5% for
hysterectomy and that 1% of women die after hysterectomy,
we originally estimated that a trial with 15 000 women
would have 90% power to detect a 25% reduction
(from 4–3%) in the composite primary endpoint death or

Patients were randomly allocated to receive 1 g tranexamic
acid or placebo by slow intravenous injection.
Investigators were advised to give 1 g (10 mg/mL) of
tranexamic acid intravenously at an approximate rate of
1 mL per min. If bleeding continued after 30 min or
stopped and restarted within 24 h of the first dose, a
second dose of 1 g of tranexamic acid or placebo could be
given. Every patient was assigned a uniquely numbered
treatment pack, containing four ampoules of 500 mg

The primary outcome was a composite of death from all
causes or hysterectomy within 42 days of randomisation.
Death was also assessed separately. Participating clinicians
were requested to record the immediate cause of death
(the final pathophysiological process leading to death)
rather than the underlying cause of death and were trained
accordingly. In the event that there was more than one
cause, clinicians were asked to record the main cause.
Because there was no reason to believe that tranexamic
acid can reduce deaths from causes unrelated to bleeding,
we planned to assess the effect of tranexamic acid on
cause-specific mortality with death due to bleeding as the
key secondary outcome. Other secondary outcomes
were thromboembolic events (deep-vein thrombosis,
pulmonary embolism, myocardial infarction, and stroke),
surgical interventions (intrauterine tamponade, emboli
sation, brace sutures, arterial ligation, hysterectomy, and
laparotomies done after randomisation to control bleeding
and achieve haemostasis), complications (renal failure,
cardiac failure, respiratory failure, hepatic failure, sepsis,
and seizures), other untoward medical events (adverse
events), quality of life measured using the EQ5D and
status of any thromboembolic events in breastfed babies
(assessed as per normal clinical practice with no special
tests done). Outcomes were measured at hospital
discharge or on day 42 if still in hospital. Data were sent to
the trial coordinating centre by direct entry into an
electronic database or by using encrypted data forms
(which were sent by fax, email, or uploaded to a secure
server). We monitored data quality using a combination of
centralised consent monitoring, statistical data checking,
and site visits at which patient data forms were compared
with clinical case notes.

Statistical analysis
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Tranexamic acid group
(n=10 051)

20 060 patients enrolled and randomly assigned

Placebo group
(n=10 009)

Age at randomisation (years)
<16
10 051 assigned to receive tranexamic acid

4 withdrew consent after randomisation

10 009 assigned to receive placebo

3 withdrew consent after randomisation

1 (<1%)

3 (<1%)

16–25

3445 (34%)

3407 (34%)

26–33

4580 (46%)

4608 (46%)

≥34

2022 (20%)

1987 (20%)

3 (<1%)

4 (<1%)

Unknown

Baby delivered in the randomising hospital
10 051 baseline data availble
3 did not fulfil eligibility criteria
1 randomly assigned twice
10 027 received allocated dose 1
2836 received allocated dose 2

11 no follow-up*

10 009 baseline data availble
9 did not fulfil eligibility criteria
9975 received allocated dose 1
2911 received allocated dose 2

Yes

8869 (88%)

8756 (88%)

No

1181 (12%)

1251 (13%)

1 (<1%)

2 (<1%)

Unknown
Type of delivery

21 no follow-up*

Vaginal

7093 (71%)

7126 (71%)

Caesarean section

2957 (29%)

2879 (29%)

1 (<1%)

4 (<1%)

Unknown
10 036 included in analysis

Time between delivery and randomisation (h)

9985 included in analysis

Figure 1: Trial profile
*Patients for whom there is no information about the primary endpoint.

4852 (48%)

4733 (47%)

>1 to ≤3

2678 (27%)

2691 (27%)

>3

2517 (25%)

2574 (26%)

4 (<1%)

11 (<1%)

Yes

9089 (90%)

9016 (90%)

No

962 (10%)

990 (10%)

Unknown

hysterectomy at the 5% significance level. However,
during the trial it became apparent that the decision to
conduct a hysterectomy was often made at the same time
as randomisation. For example, in response to lifethreatening bleeding during caesarean section, a clinician
might decide to do a hysterectomy, and while the
hysterectomy is underway, the woman is enrolled into the
trial. Although tranexamic acid could affect the risk of
death in these cases, it could not affect the risk of
hysterectomy. To protect against the possibility that the
effect of tranexamic acid on death and hysterectomy was
different, the sample size was increased from 15 000 to
20 000 women. We estimated that a trial with 20 000 women
should have sufficient power to detect a 25% reduction in
mortality at the 5% significance level (3–2·25%). We
hoped that the increased sample size might compensate
for the dilution of the treatment effect from hysterectomies
that were done at the same time as randomisation. We
also refined the study hypothesis in view of new evidence
that had become available since the trial was initiated. In
particular, findings of the CRASH-2 trial10 had shown that
tranexamic acid reduces death due to bleeding in trauma
patients and that early treatment was more effective, with
strong evidence of an interaction by time to treatment. In
response, we pre-specified an analysis of cause-specific
mortality with death due to bleeding as the main outcome.
We also pre-specified subgroup analyses by time to
treatment. These changes were made before un-blinding
and without any knowledge of the trial results.
All analyses were done on an intention-to-treat basis.
For each binary outcome, we calculated risk ratios and
95% CIs and two-sided p values. We did a complete case
analysis with no imputation for missing data. To mitigate
the risk that a chance imbalance in prognostic factors
could affect the results, for the primary endpoint (death
4

≤1

Placenta fully delivered

Primary cause of haemorrhage
Uterine atony

6437 (64%)

Placenta praevia or accreta
Surgical trauma or tears

6347 (63%)

943 (9%)

935 (9%)

1834 (18%)

1857 (19%)

Other

720 (7%)

737 (7%)

Unknown

117 (1%)

133 (1%)

Systolic blood pressure (mm Hg)
≥90

8138 (81%)

8065 (81%)

<90

1908 (19%)

1929 (19%)

5 (<1%)

15 (<1%)

Unknown

Estimated volume of blood lost (mL)
≤500

295 (3%)

313 (3%)

>500 to ≤1000

4949 (49%)

4861 (49%)

>1000 to ≤1500

2832 (28%)

2882 (29%)

>1500

1973 (20%)

1953 (20%)

Unknown

2 (<1%)

0

Uterotonic prophylaxis given
Yes

9687 (96%)

9618 (96%)

No

131 (1%)

139 (1%)

Unknown

233 (2%)

252 (3%)

Clinical signs of haemodynamic instability
Yes

5961 (59%)

5898 (59%)

No

4090 (41%)

4110 (41%)

Table 1: Baseline characteristics of participants before randomisation

or hysterectomy) and the most important secondary
endpoint (death due to bleeding), we pre-specified an
analysis adjusted for baseline risk. The safety of trial
participants was overseen by an independent data safety
and monitoring committee, which reviewed seven unblinded interim analyses.
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A
Deaths due to all other causes
Deaths due to bleeding

60

Number of deaths

50
40
30
20
10
0

B
Hysterectomies for other causes
Hysterectomies for bleeding

250
Number of hysterectomies*

We planned to report the effects of treatment on the
primary outcome subdivided by three baseline
characteristics: hours from giving birth to randomisation
(<1, 1–3, >3 h); type of birth (vaginal or caesarean section);
and primary cause of haemorrhage (uterine atony vs all
others). To examine the hypothesis that tranexamic acid
would be most effective when given soon after birth and
less effective (possibly even harmful) when given several
hours after giving birth, we pre-specified a subgroup
analysis of the effect of tranexamic acid on death due to
bleeding according to the time interval between giving
birth and tranexamic acid treatment. The main analysis for
the pre-specified subgroups was an unadjusted test of
interaction in a logistic regression model to assess evidence
for whether the effect of treatment differs across subgroup
categories. Unless there was strong evidence against the
null hypothesis of homogeneity of effects (ie, p<0·001), the
overall relative risk was regarded as the most reliable guide
to the approximate relative risks in all subgroups. However,
because there was strong prior evidence to expect a time to
treatment interaction, we pre-specified that we would set
the results of this analysis in the context of all available
data on the time to treatment interaction.18
After publication of the planned primary and secondary
analyses, the trial data will be made available via our data
sharing portal, The Free Bank of Injury and Emergency
Research Data (freeBIRD) website. This will allow for
maximum utilisation of the data to improve patient care
and advance medical knowledge.

200
150
100
50
0

0

1

2

3

Results
Between March, 2010, and April, 2016, 20 060 women
were enrolled and randomly assigned to receive
tranexamic acid (n=10 051) or placebo (n=10 009), of
whom 20 002 (99·7%) received the first dose of the
allocated treatment (10 037 received tranexamic acid and
9975 received placebo; figure 1). Seven women withdrew
their consent after randomisation and we excluded their
data from the analyses (four in the tranexamic acid group
and three in the placebo group). We were unable to
obtain primary outcome data for 32 women and
12 patients did not fulfil the trial eligibility criteria. One
patient in the tranexamic acid group was randomly
assigned twice. The primary analysis includes data for
20 021 (99·8%) women. The baseline characteristics were
similar between the treatment groups (table 1).
There were 483 maternal deaths of which 374 (77%)
were within 24 h of randomisation and 43 (9%) were
within 1 h of randomisation (figure 2). The appendix
shows the distribution of deaths from hours since

5

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Hours since randomisation

Figure 2: Cause of death by hours since randomisation (A) and cause of hysterectomy by hours since
randomisation (B)
*Excludes data for 311 women who had a hysterectomy before randomisation.
Tranexamic acid group
(n=10 036)

Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. The corresponding authors had full access to
all the data in the study and had final responsibility for
the decision to submit for publication.
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Bleeding

Placebo group
(n=9985)

RR (95% CI)

p value
(two-sided)

155 (1·5%)

191 (1·9 %)

0·81 (0·65–1·00)

0·045

Pulmonary embolism

10 (0·1%)

11 (0·1)

0·90 (0·38–2·13)

0·82

Organ failure

25 (0·3%)

18 (0·2%)

1·38 (0·75–2·53)

0·29

Sepsis

15 (0·2%)

8 (0·1%)

1·87 (0·79–4·40)

0·15

8 (0·1%)

0·25 (0·05–1·17)

0·057

20 (0·2%)

20 (0·2%)

0·99 (0·54–1·85)

0·99

227 (2·3%)

256 (2·6%)

0·88 (0·74–1·05)

0·16

Eclampsia
Other
Any cause of death

2 (0·02%)

Data are n (%), unless otherwise indicated. RR=risk ratio.

Table 2: Effect of tranexamic acid on maternal death

childbirth (appendix p 1). 346 (72%) deaths were due to
bleeding. Table 2 shows the effect of tranexamic acid on
maternal death. The risk of death due to bleeding was
significantly reduced in patients who received
tranexamic acid (155 [1·5%] of 10 036 vs 191 [1·9%] in
the placebo group; risk ratio [RR] 0·81, 95% CI
0·65–1·00; p=0·045). After adjusting for baseline risk,
the risk ratio for death due to bleeding with tranexamic
acid was 0·78 (95% CI 0·62–0·98; p=0·03). Deaths
from pulmonary embolism, organ failure, sepsis,
eclampsia and other causes did not differ significantly
between the tranexamic acid and the placebo group
(table 2). We recorded fewer deaths from all causes with
tranexamic acid but the reduction was not significant
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Tranexamic
acid group

Placebo group†

Risk ratio
(95% CI)

Time from delivery (h)
≤1
>1–3
>3
p=0·085*

49/4846 (1·0%)
40/2674 (1·5%)
66/2514 (2·6%)

60/4726 (1·3%)
67/2682 (2·5%)
63/2569 (2·5%)

0·80 (0·55–1·16)
0·60 (0·41–0·88)
1·07 (0·76–1·51)

Type of delivery
Vaginal
Caesarean section
p=0·91*

110/7083 (1·6%)
45/2952 (1·5%)

135/7108 (1·9%)
55/2871 (1·9%)

0·82 (0·64–1·05)
0·80 (0·54–1·18)

Primary cause of haemorrhage
77/6428 (1·2%)
Uterine atony
78/3608 (2·2%)
Other/unknown
p=0·36*

103/6333 (1·6%)
88/3652 (2·4%)

0·74 (0·55–0·99)
0·90 (0·66–1·21)

All patients
Two-sided p=0·045

0·81 (0·65–1·00)

155/10 036 (1·5%) 191/9985 (1·9%)
0·4

0·6

0·8

Favours tranexamic acid

1·0

1·2

1·4

1·6

Favours placebo

Figure 3: Death from bleeding by subgroup
*Heterogeneity p value. †One patient excluded from subgroup analysis because of missing baseline data.

Tranexamic acid group

Placebo group

Risk ratio (95% CI)

≤1

253/4844 (5·2%)

229/4726 (4·9%)

1·08 (0·91–1·28)

>1–≤3

122/2672 (4·6%)

154/2682 (5·7%)

0·80 (0·63–1·00)

>3

159/2514 (6·3%)

161/2569 (6·3%)

1·01 (0·82–1·25)

Vaginal

255/7080 (3·6%)

288/7108 (4·1%)

0·89 (0·75–1·05)

Caesarean section

279/2951 (9·5%)

257/2873 (9·0%)

1·06 (0·90–1·24)

Time from delivery (h)

p=0·11*
Type of delivery

p=0·15*
Primary cause of haemorrhage
Uterine atony

249/6426 (3·9%)

274/6333 (4·3%)

0·90 (0·76–1·06)

Other or unknown

285/3606 (7·9%)

272/3652 (7·5%)

1·06 (0·90–1·24)

534/10 032 (5·3%)

546/9985 (5·5%)

0·97 (0·87–1·09)

p=0·15*
All patients
Two-sided p=0·65
Data are n (%) unless otherwise indicated. *p value from likelihood ratio test.

Table 3: Effect of tranexamic acid on composite primary endpoint (death or hysterectomy) by subgroup

(227 [2·3%] in the tranexamic acid group vs 256 [2·6%]
in the placebo group; RR 0·88, 95% CI 0·74–1·05;
p=0·16).
In women given tranexamic acid within 3 h of giving
birth, tranexamic acid substantially reduced the risk of
death due to bleeding (89 [1·2%] women died in the
tranexamic acid group vs 127 [1·7%] in the placebo group,
RR 0·69, 95% CI 0·52–0·91; p=0·008). There was no
apparent reduction when tranexamic acid was given after
3 h (66 [2·6%] tranexamic acid group vs 63 [2·5%] placebo
group, RR 1·07, 95% CI 0·76–1·51; p=0·70).There was
no heterogeneity in the effect by type of birth or cause of
bleeding (figure 3).
6

709 women had hysterectomies of which 608 (86%)
were on the day of randomisation and 191 (27%) were
within 1 h of randomisation (figure 2). The appendix
shows the distribution of hysterectomy from hours since
childbirth (appendix p 1). 578 (81%) of 709 hysterectomies
were done to control bleeding. The risk of hysterectomy
was not reduced with tranexamic acid (358 [3·6%] done in
the tranexamic acid group vs 351 [3·5%] in the placebo
group, RR 1·02, 95% CI 0·88–1·07; p=0·84). The risk of
hysterectomy to control bleeding was not significantly
reduced with tranexamic acid (283 [2·8%] tranexamic acid
group vs 295 [3·0%] placebo group, RR 0·95, 95% CI
0·81–1·12; p=0·57).
The primary endpoint of death from all causes or
hysterectomy within 42 days of giving birth occurred in
1080 women. Of these, 371 (34%) women died without
undergoing a hysterectomy, 112 (10%) died after
hysterectomy, and 597 (55%) survived after hysterectomy.
The risk of death from all causes or hysterectomy was not
reduced with tranexamic acid (534 [5·3%] tranexamic acid
group vs 546 [5·6%] placebo group, RR 0·97, 95% CI
0·87–1·09; p=0·65). After adjusting for baseline risk, the
risk ratio for death from all causes or hysterectomy was
0·98 (95% CI 0·87–1·10; p=0·75). There was no significant
heterogeneity in the effect of tranexamic acid by time to
treatment, type of birth or cause of bleeding (table 3).
The use of intrauterine tamponade, embolisation,
manual removal of the placenta, and arterial ligation did
not differ significantly between the tranexamic acid and
the placebo group (table 4). Brace sutures were used
more often in the tranexamic group (300 [3·0%]
tranexamic acid group vs 250 [2·5%] placebo group;
RR 1·19, 95% CI 1·01–1·41; p=0·035). 209 laparotomies
were done after randomisation to control bleeding and
achieve haemostasis of which 114 (55%) followed
caesarean section births and 95 (45%) followed vaginal
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All women

Women who gave birth vaginally

Women who gave birth by caesarean section

p value

Tranexamic
acid group
(n=7080)

Placebo
(n=7108)

RR (95% CI)

p value

Tranexamic
acid group
(n=2951)

Placebo
(n=2873)

RR (95% CI)

p value

0·96
(0·87–1·06)

0·45

519 (7·3%)

547 (7·7%)

0·95
(0·85–1·07)

0·41

186 (6·3%)

182 (6·3%)

0·99
(0·82–1·21)

0·96

961 (9·6%)

0·95
(0·87–1·04)

0·25

745 (10·5%)

779 (11·0%)

0·96
(0·87–1·06)

0·40

173 (5·9%)

182 (6·3%)

0·93
(0·76–1·13)

0·45

10 (0·1%)

13 (0·1%)

0·77
(0·34–1·75)

0·52

4 (0·06%)

7 (0·1%)

0·57
(0·17–1·96)

0·37

6 (0·2%)

6 (0·2%)

0·97
(0·31–3·02)

0·96

Brace sutures

300 (3·0%)

250 (2·5%)

1·19
(1·01–1·41)

0·035

50 (0·7%)

50 (0·7%)

1·00
(0·68–1·48)

0·98

250 (8·5%)

200 (7·0%)

1·22
(1·02–1·46)

0·031

Arterial ligation

225 (2·2%)

254 (2·5%)

0·88
(0·74–1·05)

0·16

57 (0·8%)

65 (0·9%)

0·88
(0·62–1·25)

0·48

168 (5·7%)

189 (6·6%)

0·87
(0·71–1·06)

0·16

82 (0·8%)

127 (1·3%)

0·64
(0·49–0·85)

0·002

37 (0·5%)

58 (0·8%)

0·64
(0·42–0·97)

0·032

45 (1·5%)

69 (2·4%)

0·63
(0·44–0·92)

0·016

Tranexamic
acid group
(n=10 032)

Placebo group
(n=9985)

RR
(95% CI)

Intrauterine
tamponade

705 (7·0%)

729 (7·3%)

Manual removal
of placenta

918 (9·2%)

Embolisation

Laparotomy
for bleeding

Data are n (%), unless otherwise indicated. RR=relative risk. p values from Pearson’s χ2 test.

Table 4: Effect of tranexamic acid on need for surgical intervention

Tranexamic
acid group

Placebo group

Risk ratio
(95% CI)

Time from delivery (h)
≤1
>1–3
>3
p=0·135*

22/4844 (0·5%)
19/2672 (0·7%)
41/2514 (1·6%)

45/4726 (1·0%)
35/2682 (1·3%)
47/2569 (1·8%)

0·48 (0·29–0·79)
0·54 (0·31–0·95)
0·89 (0·59–1·35)

Type of delivery
Vaginal
Caesarean section
p=0·958*

37/7080 (0·5%)
45/2951 (1·5%)

58/7108 (0·8%)
69/2873 (2·4%)

0·64 (0·42–0·97)
0·63 (0·44–0·92)

58/6333 (0·9%)
69/3652 (1·9%)

0·63 (0·42–0·95)
0·66 (0·45–0·96)

82/10 032 (0·8%) 127/9985 (1·3%)

0·64 (0·49–0·85)

Primary cause of haemorrhage
37/6426 (0·6%)
Uterine atony
45/3606 (1·3%)
Other/unknown
p=0·873*
All patients
Two-sided p=0·002

0·4

0·6

0·8

Favours tranexamic acid

1·0

1·2

1·4

1·6

Favours placebo

Figure 4: Laparotomy for bleeding by subgroup
*Heterogeneity p value.

births. There was a significant reduction in laparotomy
to control bleeding with tranexamic acid (82 [0·8%]
tranexamic acid group vs 127 [1·3%] placebo group;
RR 0·64, 95% CI 0·49-0·85; p=0·002). We recorded no
significant heterogeneity in the effect of tranexamic acid
on laparotomy to control bleeding by time since giving
birth, type of birth, or cause of bleeding (figure 4). Blood
product transfusions were given to 5461 (54%) of 10 036
patients allocated to tranexamic acid and 5426 (54%) of
9985 women allocated to placebo. Among women who
were transfused, the mean number of blood units
received did not differ significantly between patients in
the tranexamic acid and placebo groups. Of the women
who died, 37 (7·7%) did not receive any blood products.
Of these, 18 (48·7%) were in the tranexamic acid group
and 19 (51·4%) were in the placebo group.

The incidence of thromboembolic events (pulmonary
embolism, deep-vein thrombosis, myocardial in
farction, and stroke) did not differ significantly in the
tranexamic acid versus the placebo group (table 5). The
risk of organ failure (renal, cardiac, respiratory, and
hepatic) and sepsis did not differ significantly between
the tranexamic acid and the placebo group. 33 (0·33%)
women in the tranexamic acid group had a seizure
versus 43 (0·43%) in the placebo group. Eight women
in the tranexamic acid group suffered the death of a
breast-fed baby compared with seven women in the
placebo group. No thromboembolic events were
reported in breast-fed babies in either group. Of
women who survived, there were no significant
differences in quality of life measures. Of the women
who survived, four (<1%) did not have a quality of life
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Thromboembolic events*

Tranexamic acid group

Placebo group

RR (95% CI)

10 033

9985

..

p value

Any event

30 (0·3%)

34 (0·3%)

0·88 (0·54–1·43)

0·603

Venous events

20 (0·2%)

25 (0·3%)

0·80 (0·44–1·43)

0·446

0·43 (0·11–1·65)

0·203

0·85 (0·44–1·61)

0·611

9 (0·09%)

1·11 (0·45–2·72)

0·827

Deep vein thrombosis
Pulmonary embolism
Arterial events

3 (0·03%)
17 (0·2%)
10 (0·1%)

7 (0·07%)
20 (0·2%)

Myocardial infarction

2 (0·02%)

3 (0·03%)

0·66 (0·11–3·97)

0·651

Stroke

8 (0·08%)

6 (0·06%)

1·33 (0·46–3·82)

0·599

Complications*
Renal failure

10 033
129 (1·3%)

9985
118 (1·2%)

..

..

1·09 (0·85–1·39)

0·505

Cardiac failure

110 (1·1%)

115 (1·2%)

0·95 (0·73–1·23)

0·710

Respiratory failure

108 (1·1%)

124 (1·2%)

0·87 (0·67–1·12)

0·274
0·882

29 (0·3%)

30 (0·3%)

0·96 (0·58–1·60)

Sepsis

Hepatic failure

180 (1·8%)

185 (1·9%)

0·97 (0·79–1·19)

0·756

Seizure

33 (0·3%)

43 (0·4%)

0·76 (0·49–1·20)

0·242

Use of uterotonics

9984

..

..

Received at least one
type

9996 (99·6%)

9930 (99·5%)

1·00 (1·00–1·00)

0·090

Oxytocin

9940 (99·1%)

9865 (98·8%)

1·00 (1.00–1·01)

0·079

Ergometrine

4326 (43·1%)

4314 (43·2%)

1·00 (0·97–1·03)

0·891

Misoprostol

6707 (66·8%)

6717 (67·3%)

0·99 (0.97–1·01)

0·513

689 (6·9%)

722 (7·2%)

0·95 (0·86–1·05)

0·313

Prostaglandin
ED-5Q+
Mobility

10 034

9805
30 (0·3%)

9728
31 (0·3%)

..

..

0·96 (0·58–1·58)

0·874

Self-care

39 (0·4%)

31 (0·3%)

1·25 (0·78–2·00)

0·355

Usual activities

38 (0·4%)

44 (0·5%)

0·86 (0·56–1·32)

0·484

Pain/discomfort

13 (0·1%)

18 (0·2%)

0·72 (0·35–1·46)

0·357

Anxiety/depression

30 (0·3%)

29 (0·3%)

1·03 (0·62–1·71)

0·920

Data are n (%), unless otherwise indicated. *Fatal or non-fatal. RR=relative risk.

Table 5: Effect of tranexamic acid on thromboembolic events, complications, use of uterotonics, and
quality of life

measure completed. 57 additional adverse events were
reported (appendix p 2).

Discussion
The administration of tranexamic acid to women with
post-partum haemorrhage reduces deaths due to
bleeding and laparotomy to control bleeding with no
evidence of any adverse effects or complications. When
given soon after delivery, tranexamic acid reduces death
due to bleeding by nearly one third.
Our study had several strengths but also some
limitations. The randomisation method ensured that
participating doctors had no foreknowledge of the
treatment allocation. Baseline prognostic factors were
well balanced and results adjusted for baseline risk were
similar to the unadjusted analyses. Because almost all
randomly assigned patients were followed up there is
little potential for bias. We originally planned to enrol
15 000 women to assess the effect of tranexamic acid on
a composite primary endpoint of death from all-causes
or hysterectomy within 42 days of giving birth. However,
during the trial it became apparent that the decision to
8

conduct a hysterectomy was often made at the same
time as the decision to enrol a women into the trial.
Although we excluded hysterectomies done before
randomisation, we could not exclude those in which the
decision to conduct a hysterectomy was made at the
same time as the decision to randomise or before the
trial treatment had been received. We predicted that this
would dilute the effect of tranexamic acid on the risk of
hysterectomy. There would also be dilution from
hysterectomies done several days after birth for reasons
other than to prevent life-threatening bleeding. With
these concerns in mind, we increased the sample size
from 15 000 to 20 000 patients in the hope that the trial
would have enough power to detect a reduction in postpartum haemorrhage death.17
There was a statistically significant reduction in death
due to bleeding with tranexamic acid with no significant
increase or decrease in any other cause of death. Because
more than one quarter of deaths were not due to bleeding,
the reduction in all-cause mortality with tranexamic acid,
which is a weighted average of its effect on bleeding and
non-bleeding deaths, was not statistically significant.
Indeed, considering that one quarter of deaths after postpartum haemorrhage are not bleeding related, it would
require trials many times larger than ours to show a
statistically significant reduction in all-cause mortality.18
Nevertheless, because the relative contributions of
bleeding and non-bleeding (eg, sepsis) deaths to all-cause
mortality will vary by region or between hospitals, the
effect on all-cause mortality is not generalisable. For
example, tranexamic acid will have a larger effect on allcause mortality in hospitals where sepsis death is rare
than in hospitals where sepsis death is common. The
effect of tranexamic acid on death due to bleeding is the
generalisable measure.
Although tranexamic acid did not prevent hysterectomy,
it substantially reduced the number of laparotomies to
control bleeding. While hysterectomy might be a last
resort to control bleeding in high-income settings, in
Africa and Asia where many women are anaemic and
blood supplies are limited,19–21 hysterectomy is often an
early intervention to prevent death from exsanguination.
Furthermore, there would probably have been a delay
between randomisation and the administration of the
trial treatment, so that even though the decision to
randomise might have preceded the decision to do a
hysterectomy, in some cases the trial treatment would
not have been received when the hysterectomy decision
was made. On the other hand, laparotomies which often
involve re-operation to control bleeding following
caesarean section, are more commonly done after other
interventions including the trial treatment have been
given. This might have allowed sufficient time for
tranexamic acid to affect the risk of laparotomy.
Randomised trials in elective surgery also show large
reductions in the need for re-operation to control
bleeding with tranexamic acid.22
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Tranexamic acid
group deaths

Placebo
group deaths

Risk ratio
(95% CI)

≤3 hours
WOMAN
CRASH-2
Overall
p=0·75*

89 (1·2%)
345 (5·1%)
434 (3·0%)

127 (1·7%)
470 (7·0%)
597 (4·2%)

0·69 (0·53–0·90)
0·72 (0·63–0·83)
0·72 (0·64–0·81)

>3 hours
WOMAN
CRASH-2
Overall
p=0·17*

66 (2·6%)
144 (4·4%)
210 (3·6%)

63 (2·5%)
103 (3·0%)
166 (2·8%)

1·07 (0·76–1·51)
1·44 (1·12–1·84)
1·27 (0·96–1·69)
p<0·0000*
0·4

0·6

0·8

1·0

Favours tranexamic acid

1·2

1·4

1·6

Favours placebo

Figure 5: Time to treatment
*Heterogeneity p value.

The dilution of the effect of tranexamic acid arising
from interventions that were initiated prior to receipt of
the trial treatment is likely to apply to other surgical
interventions and blood transfusion. Considering that
there may only be a few hours from onset of primary
post-partum haemorrhage to maternal death, it is not
surprising that other interventions were given
concurrently with the trial treatment. Given the urgency,
clinicians cannot wait and see if the trial treatment has
an effect before giving other treatments, not least because
half of the women received placebo. The only outcome
that invariably follows randomisation is death. This may
explain why in this trial, and in the CRASH-2 trial of
tranexamic acid in significant traumatic bleeding, there
was a reduction in death due to bleeding with tranexamic
acid despite no reduction in transfusion.9
The WOMAN trial began before the results of the
CRASH-2 trial of tranexamic acid in bleeding trauma
patients were available. The CRASH-2 trial recruited
20 211 adults with traumatic bleeding and showed that
tranexamic acid reduces death due to bleeding and allcause mortality with no increase in vascular occlusive
events. There was strong evidence of a time to treatment
interaction. In patients treated within 3 h of injury,
tranexamic acid reduced death due to bleeding by around
one third, but when given after 3 h, it seemed to increase
the risk.9,10 Early activation of fibrinolysis is common after
trauma and is associated with increased mortality.11
Because similar temporal changes in fibrinolysis have
been observed after childbirth,23 we expected that early
treatment with tranexamic acid would also be more
effective after post-partum haemorrhage and planned to
set the WOMAN trial results in the context of all available
clinical data on the time to treatment interaction. Bearing
in mind that even a large trial such as ours would have
limited power to detect a time to treatment interaction
for death due to bleeding, setting the trial results in the
context of the totality of the available evidence seemed to
be the most sensible approach. Although there are ongoing trials of tranexamic acid in life threatening
bleeding, the CRASH-2 trial is the only trial to date that

provides such evidence.24,25 Figure 5 shows the results of
the WOMAN trial in the context of the CRASH-2 results.
There is a strong suggestion that early treatment is most
effective and late treatment is unlikely to be beneficial.
On the basis of clinical trials of tranexamic acid in
surgery and trauma, WHO guidelines recommended
tranexamic acid in post-partum haemorrhage if
uterotonics fail to stop the bleeding or if it is thought that
the bleeding may be due to trauma.1 Our results suggest
that if tranexamic acid is used in the treatment of postpartum haemorrhage it should be given soon after the
onset of post-partum haemorrhage alongside uterotonics.
First, our findings show that a significant proportion of
mothers die within hours of post-partum haemorrhage
onset. In such circumstances, waiting to see if uterotonics
fail to stop the bleeding could put some mothers’ lives at
risk. We found no evidence of adverse effects with
tranexamic acid and it has also been shown to be safe
and effective in trauma and surgery. Second, our data
suggest that early administration is most effective.
Treatment within 3 h of birth significantly reduced death
due to bleeding and the need for laparotomy to control
bleeding, an observation consistent with results of trials
of tranexamic acid in traumatic bleeding. Although we
did not see a monotonic decrease in the risk of death due
to bleeding with decreasing time to treatment, as seen in
trauma, this is more likely to reflect the imprecision of
the estimates rather than the underlying biological
relationship. We did observe such a monotonic decrease
in the risk of laparotomy to control bleeding as time to
treatment decreased. Finally, the temporal changes in
fibrinolytic activation after childbirth are similar to those
in trauma with an early (within one hour) increase in
levels of tissue plasminogen activator.14 However, in the
light of our results, further research into the timecourse
of the changes in coagulation and fibrinolysis after
childbirth are needed.
In the WOMAN trial, tranexamic acid was given by
intravenous injection. However, in low-income and
middle-income countries, many deaths from postpartum bleeding occur at home or settings where
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intravenous injections might not be feasible. Therefore,
bioavailability of tranexamic acid after non-intravenous
routes of administration needs to be assessed.
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Editorial

Over 200 million women become pregnant each year.
Despite great progress during the past three decades,
deaths during pregnancy and childbirth remain a serious
(and largely preventable) risk for women in around
75 countries where 98% of maternal mortality occurs. The
UN estimates that 532 000 maternal deaths took place
in 1990. That number had fallen to 303 000 by the end
of the Millennium Development Goal (MDG) era in 2015.
Haemorrhage accounts for 18% of these deaths, and is
a particularly important cause of maternal mortality in
Africa and Asia. Discovering new ways to prevent maternal
death, especially from bleeding, therefore continues to
be a high priority. The findings of the WOMAN—World
Maternal Antifibrinolytic—trial, reported in The Lancet
today, are an important milestone in that quest.
Over 20 000 women were enrolled into this trial,
which took place in 21 diverse geographical settings,
including countries with some of the highest rates
and absolute numbers of maternal deaths. Women
older than 16 years and who had a clinical diagnosis of
post-partum haemorrhage were randomly assigned to
receive either 1 g of intravenous tranexamic acid or a
matching placebo, in addition to usual care. The original
protocol for the study described a composite primary
outcome of death from all causes or hysterectomy
within 42 days of randomisation.
However, during the course of the trial, the decision
to conduct a hysterectomy was often made at the
same time as randomisation so that the administration
of tranexamic acid could not influence the risk of
hysterectomy. A decision was taken to add another 5000
women to the trial’s recruitment target of 15 000 women
in order to reach the necessary power to estimate the
effect of tranexamic acid on risk of death from bleeding.
This change in study protocol is crucial to understand the
importance of the WOMAN trial. Deaths from bleeding,
now effectively the new primary outcome for the study,
were significantly reduced by 19% with the use of
tranexamic acid. Moreover, there was an important timeto-treatment interaction: maternal mortality was reduced
by 31% if tranexamic acid was given within 3 h of birth.
The conclusion of the WOMAN Trial Collaborators is
clear: “Tranexamic acid reduces death due to bleeding in
women with post-partum haemorrhage with no adverse
effects. When used as a treatment for post-partum

haemorrhage, tranexamic acid should be given as soon
as possible after bleeding onset.” The investigators
acknowledge that in many settings where most maternal
deaths take place—at home or in very poorly resourced
facilities—intravenous administration of tranexamic
acid may not be possible. They urge further studies of
tranexamic acid given by other routes.
The results of the WOMAN trial should be put in the
context of overall prospects for women’s and children’s
health in the era of the Sustainable Development Goals
(SDGs). The great advantage of the MDG era was the
international priority given to maternal and child health
with separately identified goals. The single SDG accorded
to health is broader. It includes maternal and child
health, but extends its reach across infectious diseases,
non-communicable diseases, substance and alcohol
use, injuries, sexual and reproductive health, universal
health coverage, pollution, tobacco control, research
and development, financing, health workforce, and early
risk detection. This new agenda for health is correct. But
a risk is that the past effort on maternal and child health
becomes diluted, with the danger that progress slows.
This concern is compounded by recent and ongoing
changes in leadership in global health. Antonio Guterres,
UN Secretary-General since January, this year, has shown
little serious interest in health since his appointment.
If this indifference continues it will be an important
setback for women’s and children’s health. Ban Ki-moon’s
signature Every Woman Every Child initiative added
energy and vigour to the global campaign for women and
children. Without the personal support of the SecretaryGeneral, women’s and children’s health will inevitably be
downgraded on competitive international agendas. And
who will be elected as Director-General of WHO, and what
their priorities will be, remain open questions.
The results of the WOMAN trial show why it is so
important to maintain political commitment for
women’s, children’s, and adolescent health. New findings,
such as those for tranexamic acid, offer fresh opportunities
for advocacy in settings where the risks faced by women
during pregnancy and childbirth are greatest. Now is a
moment to accelerate, not diminish, global action for
maternal, child, and adolescent health. The findings of the
WOMAN trial can be an important instrument to do so.
n The Lancet
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