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BACKGROUND
Prophylactic administration of tranexamic acid has been associated with reduced 
postpartum blood loss after cesarean delivery in several small trials, but evidence 
of its benefit in this clinical context remains inconclusive.

METHODS
In a multicenter, double-blind, randomized, controlled trial, we assigned women 
undergoing cesarean delivery before or during labor at 34 or more gestational 
weeks to receive an intravenously administered prophylactic uterotonic agent and 
either tranexamic acid (1 g) or placebo. The primary outcome was postpartum 
hemorrhage, defined as a calculated estimated blood loss greater than 1000 ml or 
receipt of a red-cell transfusion within 2 days after delivery. Secondary outcomes 
included gravimetrically estimated blood loss, provider-assessed clinically signifi-
cant postpartum hemorrhage, use of additional uterotonic agents, and postpartum 
blood transfusion.

RESULTS
Of the 4551 women who underwent randomization, 4431 underwent cesarean 
delivery, 4153 (93.7%) of whom had primary outcome data available. The primary 
outcome occurred in 556 of 2086 women (26.7%) in the tranexamic acid group and 
in 653 of 2067 (31.6%) in the placebo group (adjusted risk ratio, 0.84; 95% confi-
dence interval [CI], 0.75 to 0.94; P = 0.003). There were no significant between-
group differences in mean gravimetrically estimated blood loss or in the percent-
age of women with provider-assessed clinically significant postpartum hemorrhage, 
use of additional uterotonic agents, or postpartum blood transfusion. Thrombo-
embolic events in the 3 months after delivery occurred in 0.4% of women (8 of 
2049) who received tranexamic acid and in 0.1% of women (2 of 2056) who re-
ceived placebo (adjusted risk ratio, 4.01; 95% CI, 0.85 to 18.92; P = 0.08).

CONCLUSIONS
Among women who underwent cesarean delivery and received prophylactic utero-
tonic agents, tranexamic acid treatment resulted in a significantly lower incidence 
of calculated estimated blood loss greater than 1000 ml or red-cell transfusion by 
day 2 than placebo, but it did not result in a lower incidence of hemorrhage-related 
secondary clinical outcomes. (Funded by the French Ministry of Health; TRAAP2 
ClinicalTrials.gov number, NCT03431805.)
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Postpartum hemorrhage remains a 
leading cause of severe maternal complica-
tions and death worldwide.1 Prophylactic ad-

ministration of a uterotonic agent is recommend-
ed to reduce the risk of postpartum hemorrhage.2-4 
Tranexamic acid has emerged in the past decade 
as another candidate drug to prevent blood loss 
after childbirth. Tranexamic acid has antifibrino-
lytic effects that are achieved at least in part by 
promotion of hemostasis through the blocking 
of lysine-binding sites on plasminogen molecules, 
and evidence of its clinical effects has been found 
in various contexts.5,6 In clinical trials outside of 
obstetrics, tranexamic acid has been found to re-
duce the need for transfusions in elective surgery7,8 
and to reduce mortality among patients with extra-
cranial9 or mild-to-moderate intracranial trauma.10

Tranexamic acid also reduces bleeding-related 
mortality among women with postpartum hem-
orrhage11 and is consequently recommended 
worldwide for these patients.12,13 Moreover, the 
survival benefit associated with the earlier ad-
ministration of the drug in these women14 sug-
gests that it may prevent coagulopathy after de-
livery rather than treat it.4,6,14

We examined the effect of prophylactic tran-
examic acid at vaginal delivery in a previous 
trial published in the Journal and found no sig-
nificant effect on the incidence of blood loss of 
at least 500 ml in women who also received a 
prophylactic uterotonic agent.15 Small, single-
center, randomized, controlled trials have shown 
significantly reduced blood loss when prophy-
lactic tranexamic acid is given to women under-
going elective cesarean delivery.4-6 Nevertheless, 
because of methodologic limitations related to 
blinding, outcome assessment, attrition bias, and 
absence of postdischarge follow-up, especially for 
thromboembolic events, the findings in these 
trials are interpreted as inconclusive,4-6,16,17 and 
current guidelines do not advocate routine ad-
ministration of tranexamic acid after cesarean 
deliveries.4,13 We designed this trial to investigate 
whether tranexamic acid plus a prophylactic utero-
tonic agent would be associated with a lower in-
cidence of postpartum hemorrhage after cesarean 
delivery than the uterotonic agent alone.

Me thods

Trial Design

We conducted the Tranexamic Acid for Preventing 
Postpartum Hemorrhage Following a Cesarean 

Delivery (TRAAP2) trial, a multicenter, random-
ized, placebo-controlled, double-blind trial with 
two parallel groups that was modeled on our 
previous trial of tranexamic acid after vaginal 
delivery (TRAAP trial).15,18 Women who were ex-
pected to undergo a cesarean delivery were ran-
domly assigned to receive a uterotonic agent plus 
either tranexamic acid or placebo immediately 
after delivery. Details of the rationale and design 
of the trial have previously been published,19 and 
the protocol and statistical analysis plan are avail-
able with the full text of this article at NEJM.org.

The trial protocol was approved by the North-
west VI Committee for the Protection of Re-
search Subjects and the French National Agency 
of Medicine and Health Products Safety. The 
first, last, and fourth-to-last authors vouch for 
the accuracy and completeness of the data and 
analyses and for the fidelity of the trial to the 
protocol and statistical analysis plan. No com-
pany or manufacturer was involved in the trial.

Participants

Women were eligible to participate if they were 
18 years of age or older with a singleton or multi-
ple pregnancy at 34 or more weeks of gestation 
and were expected to undergo cesarean delivery 
before or during labor. They were recruited at 27 
French maternity hospitals. Women with a known 
or possible increased risk of venous or arterial 
thrombosis or of bleeding, a history of epilepsy 
or seizure, a prenatal hemoglobin level of 9 g per 
deciliter or lower in the week before delivery, or 
poor comprehension of spoken French were not 
eligible (details of the exclusion criteria are pro-
vided in Table S1 in the Supplementary Appendix, 
available at NEJM.org).19 Caregivers (physicians 
or midwives) provided information about the trial 
individually to each woman during late preg-
nancy. Women confirmed participation and pro-
vided written informed consent only if the inves-
tigator considered cesarean delivery to be likely.

Randomization and Procedures

Eligible women who had provided consent were 
randomly assigned in a 1:1 ratio to receive either 
1 g of tranexamic acid (purchased at full cost 
from Sanofi Aventis) or placebo (normal saline, 
Fresenius Kabi). Computerized randomization 
(in blocks of four) was performed centrally 
through a secure Internet facility (Ennov Clinical 
Software) and was stratified according to trial 
site and timing of cesarean delivery (before or 
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during labor). The randomization procedure was 
supervised at Bordeaux University Hospital, and 
information on each randomization was trans-
mitted to the PPRIGO (Production Pharmaceu-
tique pour la Recherche Institutionnelle du Grand 
Ouest) hospital pharmacists’ consortium, which 
prepared the ampules of tranexamic acid or pla-
cebo. The products were prepared in numbered 
and labeled boxes, each containing a 10-ml vial 
of either tranexamic acid (1 g) or placebo, depend-
ing on the randomization number. All boxes and 
vials were identically labeled and were differenti-
ated only by their randomization numbers. Nei-
ther the participants nor the investigators were 
aware of the group assignments during the trial.

Clinicians were instructed to administer tran-
examic acid or placebo intravenously over a pe-
riod of 30 to 60 seconds during the 3 minutes 
after birth, after the prophylactic uterotonic 
agent (5 or 10 IU of oxytocin or 100 μg of car-
betocin) had been administered and the cord 
had been clamped. Administration of the pro-
phylactic uterotonic agent (and tranexamic acid 
or placebo) may have been followed by a 2-hour 
oxytocin infusion, in accordance with the policy 
at each center. All these aspects of management 
of the third stage of labor were standardized at 
each center and adhered to national guidelines, 
including the possibility of administering tran-
examic acid if postpartum hemorrhage occurred.20

After cesarean delivery, women were trans-
ferred from the operating room to the postanes-
thesia care unit (PACU), where they stayed for at 
least 2 hours, until the birth attendant consid-
ered that bleeding had diminished to the normal-
ly expected amount. Gravimetrically estimated 
blood loss was assessed. A venous blood sample 
was obtained on day 2 after delivery for outcome 
assessment. Adverse events were assessed until 
hospital discharge and by telephone interview 
at 3 months after delivery, given the increased 
thromboembolic risk during the 3-month period 
after delivery.21

Outcomes

The primary outcome was postpartum hemor-
rhage, defined as a calculated estimated blood 
loss greater than 1000 ml or a red-cell transfu-
sion within 2 days after delivery.22 The estimated 
blood loss was calculated as the estimated blood 
volume × (preoperative hematocrit − postoperative 
hematocrit) ÷ preoperative hematocrit; the estimat-
ed blood volume in milliliters was calculated as 

the body weight in kilograms × 85.22-25 We chose 
this quantitative objective estimate of blood loss 
because of the limited accuracy of blood-loss es-
timation for cesarean deliveries when other, sub-
jective methods are used.20 Preoperative hemato-
crit was the value most recently measured within 
8 days before delivery, and postoperative hema-
tocrit was that measured closest to day 2 after 
delivery (without transfusion).

Secondary outcomes included clinical and 
laboratory (blood samples at day 2) measure-
ments of postpartum blood loss,26-28 adverse events 
that were assessed by the investigators as being 
potentially related to tranexamic acid, maternal 
satisfaction on day 2, and psychological status at 
2 months, assessed with the Edinburgh Postna-
tal Depression Scale (EPDS).29 These secondary 
outcomes belong to the consensus core outcome 
set for studies evaluating interventions for the 
prevention and treatment of postpartum hemor-
rhage30 and are described in detail in Table S2.19

The physician responsible for the delivery pro-
spectively recorded the procedures used during 
the third stage of labor and clinical outcomes 
identified in the immediate postpartum period. 
Research assistants who were independent of 
the local medical team obtained all other data 
from medical charts.

Statistical Analysis

We based the expected incidence of the primary 
outcome on results in the placebo group in pre-
vious studies,22,31 in particular the Elective Cae-
sarean Section Syntocinon (oxytocin) Infusion 
Trial (ECSSIT),22 and estimated that 4072 women 
undergoing cesarean delivery would provide 
power of at least 80% to detect a relative differ-
ence of 20% or greater in the incidence of the 
primary outcome (i.e., 15% in the placebo group 
and 12% in the tranexamic acid group), with a 
5% two-sided type I error. Given the expected 
percentage of women who would deliver vagi-
nally, be lost to follow-up, or lack the blood 
samples needed for the assessment of the pri-
mary outcome (estimated at a maximum of 
10%), we aimed to enroll 4524 women in order 
to include the needed number of women under-
going a cesarean delivery with available data for 
assessment of the primary outcome.

The main analysis of the primary and second-
ary outcomes was performed in the modified 
intention-to-treat population, which included all 
women who underwent randomization and had 
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a cesarean delivery, with the exception of those 
who withdrew consent or were determined to be 
ineligible after randomization. The safety pop-
ulation included all women who received tran-
examic acid or placebo. We also analyzed two 
per-protocol populations, which included women 

from the modified intention-to-treat population 
who received a uterotonic agent and then tran-
examic acid or placebo within 3 minutes after 
birth (per-protocol 1 population) or within 10 
minutes after birth (per-protocol 2 population), 
as prespecified in the protocol; the latter situ-

Figure 1. Randomization and Treatment.

Patients who had missing values for the primary outcome were those for whom data on preoperative hematocrit, postoperative hemato‑
crit, or maternal weight were not available. The per‑protocol 1 population included women in the modified intention‑to‑treat population 
who received oxytocin and then either tranexamic acid or placebo within 3 minutes after giving birth.

4551 Women were enrolled and underwent
randomization

2276 Were assigned to the tranexamic
acid group

2275 Were assigned to the placebo group

50 Were excluded before
delivery

44 Met exclusion criteria
6 Withdrew consent

62 Were excluded before
delivery

54 Met exclusion criteria
8 Withdrew consent

2226 Underwent vaginal or cesarean
delivery (intention-to-treat population)

2213 Underwent vaginal or cesarean
delivery (intention-to-treat population)

4 Underwent vaginal delivery 4 Underwent vaginal delivery

91 Had missing value
for primary outcome

97 Had missing value
for primary outcome

142 Had
missing 
value for
primary
outcome

136 Had
missing 
value for
primary
outcome

31 Did not receive any
treatment

3 Received tranexamic
acid

529 Received placebo
>3 min after delivery

40 Had no information
on the interval
between delivery and
treatment

28 Did not receive pro-
phylactic oxytocin

32 Did not receive any 
treatment

2 Received placebo
1 Had unknown assign-

ment at randomization
503 Received tranexamic

acid >3 min after
delivery

50 Had no information
on the interval
between delivery and
treatment

28 Did not receive pro-
phylactic uterotonic

2222 Underwent cesarean delivery
(modified intention-to-treat population)

2209 Underwent cesarean delivery
(modified intention-to-treat population)

2086 Were assessed for primary
outcome in the modified

intention-to-treat population

1618 Received tranexamic acid
as specified in the protocol
(per-protocol 1 population)

1596 Received placebo
as specified in the protocol
(per-protocol 1 population)

2067 Were assessed for primary
outcome in the modified

intention-to-treat population

1521 Were assessed for primary
outcome in the per-protocol

1 population

1505 Were assessed for primary
outcome in the per-protocol

1 population
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ation is more consistent with routine clinical 
practice.19

The primary outcome analysis was conducted 
with multiple imputation by fully conditional 
specification to take missing values into account. 
We performed sensitivity analyses of the primary 
outcome first by imputing missing values as fail-
ures and then by using complete cases. Second-
ary analyses were conducted with available data.

Participants’ baseline characteristics, manage-
ment of the third stage of labor, and protocol 
adherence are provided as descriptive data: quali-
tative variables are expressed as percentages and 

quantitative variables as either means with stan-
dard deviations or medians with interquartile 
ranges, as appropriate. The effects of tran examic 
acid are expressed as risk ratios with 95% confi-
dence intervals for categorical outcomes esti-
mated with Poisson mixed-effects models and as 
mean differences with 95% confidence inter-
vals for quantitative outcomes estimated with 
linear mixed-effects models; all models were 
adjusted for center and timing of cesarean deliv-
ery (before or during labor).19

Two prespecified subgroup analyses were 
used to test the effect of tranexamic acid on the 

Table 1. Characteristics of Participants at Baseline and Management of the Third Stage of Labor (Modified Intention- 
to-Treat Population).*

Characteristic
Tranexamic Acid Group 

(N = 2222)
Placebo Group 

(N = 2209)

Age — yr 33.3±5.3 33.5±5.3

Body‑mass index before pregnancy† 26.3±6.4 26.1±6.2

Primiparous — no./total no. (%) 826/2222 (37.2) 808/2207 (36.6)

Previous cesarean delivery — no./total no. (%) 1151/2221 (51.8) 1155/2203 (52.4)

One previous cesarean delivery 633/2221 (28.5) 663/2203 (30.1)

At least two previous cesarean deliveries 518/2221 (23.3) 492/2203 (22.3)

History of postpartum hemorrhage — no./total no. (%) 114/2221 (5.1) 99/2203 (4.5)

Multiple pregnancy — no. (%) 160 (7.2) 159 (7.2)

Gestational diabetes — no./total no. (%) 470/2220 (21.2) 476/2207 (21.6)

Gestational hypertensive disorders — no./total no. (%) 141/2220 (6.4) 142/2207 (6.4)

Hospitalization >24 hr during pregnancy — no./total no. (%) 282/2220 (12.7) 258/2207 (11.7)

Median gestational age at delivery (IQR) — wk 39 (38–40) 39 (38–40)

Timing of cesarean delivery — no. (%)

Before labor 1580 (71.1) 1565 (70.8)

During labor 642 (28.9) 644 (29.2)

Median duration of cesarean delivery (IQR) — min 36 (30–45) 37 (29–46)

Epidural or spinal anesthesia — no./total no. (%) 2199/2213 (99.4) 2183/2202 (99.1)

General anesthesia — no./total no. (%) 66/2186 (3.0) 84/2182 (3.8)

Induction of labor — no./total no. (%) 312/2214 (14.1) 317/2203 (14.4)

Oxytocin during labor — no./total no. (%) 479/2209 (21.7) 500/2197 (22.8)

Prophylactic uterotonic agent at birth — no./total no. (%) 2194/2218 (98.9) 2181/2204 (99.0)

Prophylactic carbetocin at birth 905/2218 (40.8) 888/2204 (40.3)

Prophylactic oxytocin at birth 1295/2218 (58.4) 1299/2204 (58.9)

Median interval between delivery and administration of tranexamic 
acid or placebo (IQR) — min

2 (1–3) 2 (1–3)

Controlled cord traction — no./total no. (%) 1355/1998 (67.8) 1374/1991 (69.0)

Anticoagulant prophylaxis after delivery — no./total no. (%) 1296/2203 (58.8) 1296/2193 (59.1)

*  Plus–minus values are means ±SD. Data on age were missing for 2 women in the tranexamic group and for 3 women 
in the placebo group; on body‑mass index for 38 and 43, respectively; on duration of cesarean delivery for 127 and 146, 
respectively; and on interval between delivery and administration of tranexamic acid or placebo for 83 and 71, respec‑
tively. IQR denotes interquartile range.

†  The body‑mass index is the weight in kilograms divided by the square of the height in meters.
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Tr anexamic Acid after Cesarean Delivery

primary outcome according to the timing of 
the cesarean delivery (before or during labor) 
and the women’s postpartum hemorrhage risk 
status, a composite binary variable (at risk or 
not at risk), with risk defined as the presence 
of one or more of the following risk factors 
shown in the literature to have an odds ratio of 
at least 332: previous postpartum hemorrhage, 
pregnancy-related hypertensive disorder, multi-
ple pregnancy, and cesarean delivery performed 
during labor.

Given the many secondary outcomes and 
populations analyzed and to avoid inflation of 
the type I error risk due to multiple compari-
sons, we prespecified outcomes for which a 
statistical comparison would be conducted and 
those for which only the association estimate 
and its 95% confidence interval would be re-
ported (Table S3). P values were also corrected 
for multiple comparisons with the Benjamini–
Hochberg procedure,33 to control the false dis-
covery rate at 0.05 within each of three sub-
groups for the assessment of the effect of 
tranexamic acid on postpartum blood loss, 
safety, and women’s satisfaction. All statistical 
analyses were conducted with SAS software, 
version 9.4 (SAS Institute).

R esult s

Trial Population

From March 2018 through January 2020, we 
enrolled 4551 eligible participants and ran-
domly assigned them to receive tranexamic 
acid (2276 women) or placebo (2275); 112 
women were excluded because they withdrew 
consent or were found to be ineligible after 
randomization. Of the remaining 4439 women 
(intention-to-treat population), 8 had a vaginal 
delivery; therefore, the modified intention-to-
treat population included 4431 women (2222 in 
the tranexamic acid group and 2209 in the 
placebo group) (Fig. 1). The baseline character-
istics of the women, protocol adherence, and 
other aspects of management of the third stage 
of labor were similar in the two groups (Tables 
1 and S4).

Primary Outcome

Data on the primary outcome were missing for 
136 women in the tranexamic acid group and 
for 142 in the placebo group because preopera-†
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tive or postoperative hematocrit or maternal 
weight was not available. Postpartum hemor-
rhage, defined as a calculated estimated blood 
loss greater than 1000 ml or red-cell transfusion 
by day 2, occurred in 556 of 2086 women 
(26.7%) in the tranexamic acid group and in 653 
of 2067 (31.6%) in the placebo group (adjusted 
risk ratio, 0.84; 95% confidence interval [CI], 
0.75 to 0.94; P = 0.003 with multiple imputation 
of missing values) (Table 2). Sensitivity analyses 
with missing values imputed as failures and with 
complete cases yielded similar results (Table S5).

Figure 2 shows the results of the subgroup 
analyses. There was no evidence of differential 
effects of tranexamic acid according to the tim-
ing of cesarean delivery (before or during labor) 
or the presence or absence of known risk factors 
for postpartum hemorrhage.

 Secondary Outcomes

There were no significant between-group differ-
ences in the incidence of any of the following 
hemorrhage-related clinical outcomes: mean gravi-
metrically estimated blood loss, provider-assessed 
clinically significant hemorrhage, use of addi-
tional uterotonic agents for excessive bleeding, 
postpartum blood transfusion, and arterial em-
bolization or emergency surgery. However, the 
mean calculated estimated blood loss and mean 
peripartum changes in hemoglobin and hemato-
crit were lower in the tranexamic acid group 
than in the placebo group (adjusted P<0.001 for 

all three comparisons) (Tables 2 and S6). No 
significant between-group differences were ob-
served for systolic, mean, or diastolic blood 
pressure after delivery (Fig. S1).

 Adverse Events

Table 3 shows safety-related outcomes (addi-
tional details are provided in Tables S7 and S8). 
The incidence of vomiting or nausea in the oper-
ating room or PACU was higher in the tranexamic 
acid group than in the placebo group (43.0% vs. 
36.3%, adjusted P<0.001). There were no signifi-
cant between-group differences in prothrombin 
time, activated partial thromboplastin time, ami-
notransferase levels, fibrinogen level, or kidney-
function tests on day 2. At 3 months after deliv-
ery, data on adverse events were available for 
94.0% of the women. During this period, throm-
boembolic events had occurred in 0.4% (8 of 
2049) of the women in the safety population 
who received tranexamic acid and in 0.1% (2 of 
2056) of those who received placebo (adjusted 
risk ratio, 4.01; 95% CI, 0.85 to 18.92; P = 0.08).

 Maternal Satisfaction, Psychological Status, 
and Per-Protocol Analyses

There was no evidence of differences between 
the groups in maternal satisfaction at day 2 and 
EPDS scores at 2 months (Tables S9 and S10). 
Analyses of the primary and secondary out-
comes in the per-protocol populations showed 
results similar to those in the modified intention-
to-treat population (Tables S11 through S14).

 Discussion

Among women who underwent cesarean deliv-
ery and received a prophylactic uterotonic agent, 
the use of tranexamic acid resulted in a signifi-
cantly lower incidence of the primary outcome 
— calculated estimated blood loss greater than 
1000 ml or red-cell transfusion by day 2 — than 
did the use of placebo. However, the use of tran-
examic acid did not result in lower incidences of 
clinical secondary outcomes related to blood loss 
than placebo.

Our results show that prophylactic use of 
tranexamic acid at cesarean delivery had a bio-
logic effect, in that the calculated estimated 
blood loss was significantly lower among women 
who received the drug than among those who re-
ceived placebo (the mean between-group difference 

Figure 2. Prespecified Subgroup Analyses of the Primary Outcome (Modified 
Intention-to-Treat Population).

Shown is the risk ratio for postpartum hemorrhage (PPH) (tranexamic acid 
vs. placebo), adjusted for randomization stratification variables (center and 
timing of the cesarean delivery). PPH was defined as a calculated estimated 
blood loss greater than 1000 ml or receipt of a red‑cell transfusion within 
2 days after delivery. Women who were at risk for PPH were defined as those 
who had one or more risk factors for PPH with an odds ratio of at least 3 in 
the literature32: previous PPH, pregnancy‑related hypertensive disorder, mul‑
tiple pregnancy, or cesarean delivery during labor.

0.8 1.00.9 1.1
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Not at risk for PPH

No. of
Patients Adjusted Risk Ratio (95% CI)Subgroup
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was approximately 100 ml); this difference re-
sulted from a significantly smaller decrease in 
hematocrit from before surgery to after surgery 
in the tranexamic acid group than in the placebo 
group. Nonetheless, the clinical relevance of this 
narrow difference is questionable since there 
were no significant between-group differences 
in the secondary clinical outcomes. Our results 
contrast with findings of meta-analyses of sum-
mary data from small, single-center, randomized 
trials, which have shown that tranexamic acid 
administration at cesarean delivery resulted in 
significantly less mean gravimetrically estimat-
ed blood loss, as well as in less frequent blood 
loss exceeding 500 ml and 1000 ml, less frequent 
use of additional uterotonic agents, and less 
frequent transfusions than placebo or no treat-
ment (45 to 75% lower risk with tranexamic 
acid).34-37 Nonetheless, meta-analyses of small 
trials are prone to biases, especially publication 
bias; positive findings in small trials are often 
not substantiated by subsequent large, random-
ized trials.38

As in the first TRAAP trial15 and in meta-
analyses of randomized trials involving women 
undergoing cesarean delivery,34,35,37 nausea or 
vomiting occurred significantly more frequently 
in the tranexamic acid group than in the placebo 
group. As in these previous trials, the incidence 
of thromboembolic events during the 3 months 
after delivery did not differ significantly be-
tween the groups, but these events were uncom-
mon, and power to detect differences was limited; 
the point estimate of the adjusted risk ratio and 
its 95% confidence interval (4.01; 95% CI, 0.85 
to 18.92) are consistent with a wide range of 
plausible differences in the incidence of venous 
thromboembolic events, ranging from 15% low-
er to 18.92 times higher. This finding calls for 
caution, given the recent report of a significant, 
almost doubled risk of these events associated 
with tranexamic acid (with 4 g given over a pe-
riod of 24 hours, a higher dose and longer dura-
tion than were used in our trial) in patients with 
gastrointestinal bleeding.39

Our trial included a large population of 
women who underwent cesarean delivery, and 
one third of these procedures were performed 
during labor; our trial also had few exclusion 
criteria. The results are thus likely to be gener-
alizable to women who undergo cesarean deliv-
ery in a similar context of care. Blood loss for 

the primary outcome was assessed with an ob-
jective, validated calculation that was based on 
postoperative and preoperative hematocrit; the 
latter value was measured at most 8 days before 
delivery in order to standardize the timing of 
measurement and avoid heterogeneity due to pos-
sible third-trimester changes. The calculated vol-
ume of blood loss was similar to the gravimetri-
cally estimated volume of blood loss in both 
groups. We excluded women who had hemoglo-
bin levels below 9 g per deciliter to reduce the 
likelihood of postpartum transfusion in the ab-
sence of clinically significant blood loss.

This trial had some limitations. It was not 
powered to detect potentially meaningful differ-
ences in the risk of severe maternal complica-
tions, such as transfusion. The incidence of the 
primary outcome was twice as high as expected, 
a finding that may be related to the inclusion of 
cesarean deliveries performed during labor. One 
quarter of the women did not receive tranexam-
ic acid or placebo within the 3 minutes after 
delivery as specified in our protocol. The per-
protocol analyses provided results similar to 
those in the intention-to-treat analyses, although 
they are subject to bias because these analyses do 
not reflect a comparison of randomized groups. 
Although maternal satisfaction at day 2 and psy-
chological status at 2 months were assessed, 
more subtle health dimensions, such as quality 
of life or mother–infant relationship, were not 
explored.

Among women who underwent cesarean de-
livery and received a prophylactic uterotonic 
agent, tranexamic acid administration resulted 
in a significantly lower incidence of calculated 
estimated postpartum blood loss greater than 
1000 ml or red-cell transfusion by day 2 than 
placebo but did not result in significantly less 
common blood loss–related secondary clinical 
outcomes.
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