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ABSTRACT

BACKGROUND

Prophylactic use of tranexamic acid at the time of cesarean delivery has been
shown to decrease the calculated blood loss, but the effect on the need for blood
transfusions is unclear.

METHODS
We randomly assigned patients undergoing cesarean delivery at 31 U.S. hospitals
to receive either tranexamic acid or placebo after umbilical-cord clamping. The
primary outcome was a composite of maternal death or blood transfusion by hos-
pital discharge or 7 days post partum, whichever came first. Key secondary out-
comes were estimated intraoperative blood loss of more than 1 liter (prespecified
as a major secondary outcome), interventions for bleeding and related complica-
tions, the preoperative-to-postoperative change in the hemoglobin level, and post-
partum infectious complications. Adverse events were assessed.

RESULTS

A total of 11,000 participants underwent randomization (5529 to the tranexamic
acid group and 5471 to the placebo group); scheduled cesarean delivery accounted
for 50.1% and 49.2% of the deliveries in the respective groups. A primary-outcome
event occurred in 201 of 5525 participants (3.6%) in the tranexamic acid group and
in 233 of 5470 (4.3%) in the placebo group (adjusted relative risk, 0.89; 95.26%
confidence interval [CI], 0.74 to 1.07; P=0.19). Estimated intraoperative blood loss
of more than 1 liter occurred in 7.3% of the participants in the tranexamic acid
group and in 8.0% of those in the placebo group (relative risk, 0.91; 95% CI, 0.79
to 1.05). Interventions for bleeding complications occurred in 16.1% of the par-
ticipants in the tranexamic acid group and in 18.0% of those in the placebo group
(relative risk, 0.90; 95% CI, 0.82 to 0.97); the change in the hemoglobin level was
—1.8 g per deciliter and —1.9 g per deciliter, respectively (mean difference, —0.1 g
per deciliter; 95% CI, —0.2 to —0.1); and postpartum infectious complications oc-
curred in 3.2% and 2.5% of the participants, respectively (relative risk, 1.28; 95%
CIL, 1.02 to 1.61). The frequencies of thromboembolic events and other adverse
events were similar in the two groups.

CONCLUSIONS
Prophylactic use of tranexamic acid during cesarean delivery did not lead to a
significantly lower risk of a composite outcome of maternal death or blood trans-
fusion than placebo. (Funded by the Eunice Kennedy Shriver National Institute of
Child Health and Human Development; ClinicalTrials.gov number, NCT03364491.)
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OSTPARTUM HEMORRHAGE IS RESPON-

sible for up to 27.1% of maternal deaths

worldwide.! In the United States, obstetri-
cal hemorrhage is the second most common
cause of pregnancy-related death, second only to
cardiovascular disease.”> Among patients with
bleeding trauma, the use of tranexamic acid, a
fibrinolysis inhibitor, was associated with a sig-
nificant reduction in overall mortality.® Similar
results have been reported in patients with trau-
matic brain injury and established obstetrical
hemorrhage.**

An increase in fibrinolytic activity (as indi-
cated by increased levels of tissue plasminogen
activator and D-dimer) after the delivery of the
placenta has been previously described.® It is bio-
logically plausible that fibrinolysis inhibition with
the use of tranexamic acid after delivery could
improve hemostasis by preventing clot break-
down. The use of tranexamic acid to prevent
obstetrical hemorrhage has been reported previ-
ously.”® However, most studies of postpartum
hemorrhage have been single-center trials that
have been limited by small sample sizes with a
lack of power to evaluate important clinical out-
comes.

Two large, multicenter clinical trials addressed
the use of tranexamic acid to prevent hemor-
rhage after either vaginal or cesarean delivery.”!
Prophylactic use of tranexamic acid did not re-
duce the incidence of postpartum hemorrhage
among patients delivering vaginally. In patients
undergoing cesarean delivery, the use of tran-
examic acid decreased the estimated calculated
blood loss by a mean of approximately 100 ml.
There were no benefits with regard to other
clinically significant outcomes such as transfu-
sion of blood products or the use of additional
surgical or radiologic interventions to control
bleeding in either trial. Moreover, more than
70% of the participants in the cesarean trial
underwent delivery in the absence of labor and
thus were at lower risk for hemorrhage than
participants who underwent cesarean delivery
after the onset of labor. Neither of these two
previous trials were powered to detect a differ-
ence in the incidence of transfusion of blood
products. We designed a randomized trial to
evaluate whether the administration of tranexam-
ic acid immediately after umbilical-cord clamp-
ing would lead to a lower risk of maternal death
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or blood transfusion than placebo among pa-
tients undergoing scheduled or emergency cesar-
ean delivery.

METHODS

TRIAL OVERSIGHT

We designed and conducted this multicenter,
double-blind, randomized, controlled trial at 31
hospitals participating in the Maternal-Fetal
Medicine Units Network of the Eunice Kennedy
Shriver National Institute of Child Health and
Human Development (NICHD). The protocol
(which is available with the full text of this ar-
ticle at NEJM.org) was approved by the institu-
tional review board at each hospital before the
enrollment of participants. Written informed con-
sent was obtained from all the participants be-
fore randomization. An independent data and
safety monitoring committee that was appointed
by the NICHD monitored the trial. The first four
authors vouch for the accuracy and completeness
of the data and for the fidelity of the trial to the
protocol. An Investigational New Drug Applica-
tion was approved by the Food and Drug Admin-
istration for the use of prophylactic tranexamic
acid in this trial.

SCREENING AND RECRUITMENT

All the patients who were admitted to the labor
and delivery unit for planned delivery were eli-
gible for screening. Patients who had a sched-
uled cesarean delivery could also be screened in
the outpatient setting. After admission, patients
who met the trial criteria were informed about
the trial and were given the opportunity to pro-
vide informed consent to participate by trained
research personnel. Patients who were planning
to deliver vaginally signed the informed consent
form with the understanding that they would
not undergo randomization unless they under-
went a cesarean delivery.

Patients were eligible if they had a scheduled
or unscheduled cesarean delivery of a singleton
or twin gestation. Key exclusion criteria were a
maternal age of less than 18 years, the transfu-
sion of any blood products before randomization
during the current admission or a plan for trans-
fusion after randomization, contraindications to
tranexamic acid (e.g., hypersensitivity to tran-
examic acid or its ingredients and a history of
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seizure disorder, kidney disease, thromboem-
bolic disease, or medical conditions or treat-
ments associated with a high risk of thrombo-
sis), the patient’s decision to not use blood
products, or the existence of a plan to adminis-
ter prophylactic antifibrinolytic agents such as
open-label tranexamic acid or uterotonic agents
other than oxytocin preoperatively.

RANDOMIZATION AND TREATMENT STRATEGY
Patients who provided informed consent to par-
ticipate and who were undergoing cesarean de-
livery were randomly assigned in a 1:1 ratio to
receive either 1 g (10 ml) of tranexamic acid di-
luted in 40 ml of normal saline or identically
appearing placebo (50 ml of normal saline) in-
travenously over a period of 10 minutes immedi-
ately after umbilical-cord clamping. The random-
ization sequence was prepared by an independent
data coordinating center and followed the sim-
ple randomization method with stratification
according to clinical site. Tranexamic acid and
placebo were prepared by the local research
pharmacy. None of the participants, investiga-
tors, or clinical staff were aware of the trial-
group assignments.

Randomization was restricted to allow a
maximum of 50% scheduled cesarean deliveries
as compared with unscheduled cases; however,
this classification was not used for stratifica-
tion. Scheduled cesarean delivery was defined as
the participant appearing on the schedule for
cesarean delivery on the day of randomization,
with no evidence of labor or rupture of mem-
branes. All the other aspects of clinical care
were left to the discretion of the treating provid-
ers. If open-label tranexamic acid was used be-
cause of excessive intraoperative bleeding, it was
recommended that its use be delayed for at least
30 minutes after the administration of the trial
infusion. No more than two doses total (trial
infusion plus one dose of open-label tranexamic
acid) were allowed during the first 24 hours af-
ter delivery.

TRIAL OUTCOMES

The primary outcome was a composite of mater-
nal death or blood transfusion before discharge
from the hospital or 7 days post partum, which-
ever occurred first. Blood transfusion was de-
fined as the transfusion of packed red cells or

whole blood or the use of a cell-saver autotrans-
fusion device.

Estimated intraoperative blood loss of more
than 1 liter, assessed on the basis of data ob-
tained from the anesthesia record and the op-
erative report, was a major secondary outcome.
Key secondary outcomes (which were prespeci-
fied as such once the trial was ongoing but be-
fore any data were analyzed) included a compos-
ite of treatments and interventions in response to
bleeding and related complications within 7 days
post partum (i.e., surgical or radiologic proce-
dures to control bleeding and related complica-
tions [e.g., laparotomy, evacuation of hematoma,
hysterectomy, uterine packing, intrauterine bal-
loon tamponade, or interventional radiologic pro-
cedures], use of uterotonic agents other than
oxytocin, use of open-label tranexamic acid or
any other antifibrinolytic agent, or transfusion
of any blood product); infectious complications
(endometritis, surgical-site infection, or pelvic
abscess) within 6 weeks post partum; the change
in the preoperative hemoglobin level (most re-
cent value obtained <4 weeks before delivery) as
compared with the lowest postoperative value
(obtained <48 hours after delivery); and mater-
nal thromboembolic events (including venous,
arterial, or ischemic stroke or myocardial infarc-
tion). Adverse events were also assessed. Details
of the other prespecified secondary efficacy and
safety outcomes are provided in Table S1 in the
Supplementary Appendix, available at NEJM.org.

Trained and certified research staff members,
who were unaware of the trial-group assign-
ments, abstracted information from medical re-
cords, including demographic information, medi-
cal history, and outcomes data. Participants were
interviewed by research personnel at 1 to 2 weeks
post partum and again at 6 weeks post partum.
During this interview, participants were asked
about any hospital admissions since discharge,
emergency department visits, and the develop-
ment of adverse events, including thrombotic
events.

STATISTICAL ANALYSIS

On the basis of data from the Maternal-Fetal
Medicine Units Network Cesarean Registry and
the Observational Cohort Study to Evaluate Mea-
sures of Quality of Obstetric Care (APEX),''? we
expected that the risk of a primary-outcome
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event in the placebo group would be 2.5%. We
calculated that the enrollment of 11,000 partici-
pants (5500 per group) would provide the trial
with 85% power to detect a 33% lower risk of the
primary outcome (i.e., 1.68%) in the tranexamic
acid group at a two-sided type I error of 5%. Two
interim analyses with the use of the Lan—-DeMets
generalization of the O’Brien—-Fleming boundary
were conducted and reviewed by the data and
safety monitoring committee. In the final analy-
sis of the primary outcome, a two-tailed P value
of less than 0.047 was considered to indicate
statistical significance.

Analyses were performed according to the
intention-to-treat principle; the intention-to-treat
population included all the participants who had
undergone randomization, with the exception of
those who had been enrolled during a previous
pregnancy. The safety population included all
the participants who received tranexamic acid or
placebo, according to the treatment they actually
received. Baseline characteristics and selected
secondary outcomes were compared by means of
the chi-square test, Fisher’s exact test, or the
Wilcoxon rank-sum test as appropriate. The pri-
mary outcome was compared with the use of a
log-binomial regression model. If the trial groups
were found to differ on a pretreatment factor
that was known to be a risk factor for the out-
come, the statistical analysis was adjusted for
these differences. Log-binomial regression was
used to calculate the adjusted relative risks and
confidence intervals. Exact methods for Poisson
regression were used to compute confidence in-
tervals for rare binary end points. A sensitivity
analysis of the primary outcome that excluded
all the participants who received open-label tran-
examic acid was conducted. In accordance with
the protocol, prespecified subgroup analyses
were conducted only if there was a significant
between-group difference in the primary out-
come. Changes in the preoperative-to-postoper-
ative hemoglobin level were compared with a
generalized linear model. Two sensitivity analy-
ses were conducted for missing data: for partici-
pants who had missing data on the estimated
intraoperative blood loss, data on quantitative
blood loss were used; and for participants who
had missing data on the postoperative hemoglo-
bin level, the postoperative hematocrit divided
by 3 was used in the calculation of the change
in the hemoglobin level.

N ENGL J MED 388,15

Adjustment of the P value for the major sec-
ondary outcome was planned if the results of the
primary-outcome analysis were significant. No
other secondary outcome results were adjusted
for multiplicity, and no formal inferences or con-
clusions can be drawn from the other results.
The statistical analysis plan is provided with the
protocol.

RESULTS

TRIAL PARTICIPANTS

From March 2018 through July 2021, a total of
84,062 patients underwent screening for ran-
domization, of whom 44,574 were ineligible and
28,488 declined to participate. Thus, 11,000 pa-
tients underwent randomization: 5529 partici-
pants were assigned to the tranexamic acid
group, and 5471 to the placebo group (Fig. 1).
Five patients presented with two different preg-
nancies during the trial period; only the first
pregnancy was included in the analysis, which
resulted in 5525 participants in the tranexamic
acid group and 5470 in the placebo group.

The characteristics of the participants at
baseline did not differ substantially between the
two groups except for the preoperative hemoglo-
bin level; a level below 8 g per deciliter was more
common in the placebo group than in the
tranexamic acid group (Table 1). Scheduled ce-
sarean delivery accounted for 2768 of the cesar-
ean deliveries (50.1%) in the tranexamic acid
group and for 2693 of those (49.2%) in the pla-
cebo group. Tranexamic acid or placebo was
administered within 3 minutes after umbilical-
cord clamping in 91.8% of the participants.

OUTCOMES
A primary-outcome event occurred in 3.6% of
the participants in the tranexamic acid group
and in 4.3% of those in the placebo group (ad-
justed relative risk, 0.89; 95.26% confidence in-
terval [CI], 0.74 to 1.07; P=0.19) (Table 2). We
did not observe material differences according
to trial center. After the exclusion of participants
who received open-label tranexamic acid (108 in
the tranexamic acid group and 109 in the pla-
cebo group), the adjusted relative risk was 0.84
(95.26% CI, 0.68 to 1.03).

Estimated intraoperative blood loss of more
than 1 liter occurred in 7.3% of the participants
in the tranexamic acid group and in 8.0% of
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84,062 Pregnant persons were assessed for eligibility

73,062 Were excluded
44,574 Did not meet inclusion criteria
23,766 Had vaginal delivery
8,584 Were at high risk for thromboembolic disease
1,422 Had worsening of preexisting medical
conditions

- 427 Had potential for tranexamic acid accumula-
tion owing to decreased clearance
294 Received treatment with other hemostatic
agents or anticoagulants
3,655 Were unable to have informed consent
requested
1,846 Had research staff unavailable at delivery
4,580 Had other reasons
28,488 Declined to participate

11,000 Underwent randomization

5529 Were assigned to receive tranexamic acid

5471 Were assigned to receive placebo

4 Were enrolled during a
second pregnancy

1 Was enrolled during a
second pregnancy

5507 Received tranexamic acid
18 Did not receive tranexamic acid
12 Did not receive tranexamic acid or
placebo
1 Received placebo in error
5 Received partial dose

5455 Received assigned intervention
15 Did not receive placebo
13 Did not receive tranexamic acid or
placebo
1 Received tranexamic acid in error
1 Received partial dose

5525 Were included in the analysis

5470 Were included in the analysis

Figure 1. Eligibility, Randomization, and Assessment of the Participants.

Five participants (4 in the tranexamic acid group and 1 in the placebo group) were enrolled during two different
pregnancies during the trial period. Only the first pregnancy was included in the analysis, which resulted in 5525
participants in the tranexamic acid group and 5470 in the placebo group.

those in the placebo group (relative risk, 0.91;
95% CI, 0.79 to 1.05). The composite of treat-
ments and interventions in response to bleeding
and related complications occurred in 16.1% of
the participants in the tranexamic acid group and
in 18.0% of those in the placebo group (relative
risk, 0.90; 95% CI, 0.82 to 0.97). The mean pre-
operative-to-postoperative change in the hemoglo-
bin level was —1.8 g per deciliter in the tranexamic
acid group and —1.9 g per deciliter in the placebo
group (mean difference, —0.1 g per deciliter; 95%
CI, -0.2 to —0.1). Postpartum infectious compli-

cations occurred in 3.2% of the participants in
the tranexamic acid group and in 2.5% of those
in the placebo group (relative risk, 1.28; 95% CI,
1.02 to 1.61). Other secondary outcomes are sum-
marized in Table 2. In sensitivity analyses that
accounted for missing data (estimated blood loss
and change in the hemoglobin level), the results
were similar to those in the main analysis (Ta-
bles S3 and S4). There were no material be-
tween-group differences in the incidence of ma-
jor safety outcomes, including thromboembolic
events or new-onset seizure activity (Table 3).
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Table 1. Maternal Characteristics.*
Tranexamic Acid Placebo
Characteristic (N=5525) (N=5470)
Maternal age — yr 30.1+5.8 30.1+5.8
Race or ethnic group — no. (%)t
Non-Hispanic White 2170 (39.3) 2159 (39.5)
Non-Hispanic Black 1334 (24.1) 1310 (23.9)
Hispanic 1636 (29.6) 1642 (30.0)
Asian 218 (3.9) 193 (3.5)
Other, unknown, or multiple 167 (3.0) 166 (3.0)
Body-mass index at deliveryz
Mean 35.7+8.2 35.7+8.2
>30 — no./total. no. (%) 4099/5503 (74.5) 4031/5459 (73.8)
Nulliparous — no. (%) 1660 (30.0) 1713 (31.3)
Placenta previa— no. (%) 92 (1.7) 104 (1.9)
Twin pregnancy — no. (%) 234 (4.2) 224 (4.1)
Both twins delivered by cesarean section — no./total no. (%) 231/234 (98.7) 216/224 (96.4)
Pregnancy-related hypertensive disorder — no. (%) 957 (17.3) 967 (17.7)
Previous cesarean delivery — no. (%) 3150 (57.0) 3026 (55.3)
Scheduled cesarean delivery — no. (%) 2768 (50.1) 2693 (49.2)
Placental abruption — no. (%) 43 (0.8) 44 (0.8)
Type of labor — no. (%)
Spontaneous 467 (8.5) 436 (8.0)
Spontaneous with augmentation 242 (4.4) 248 (4.5)
Induced 1282 (23.2) 1337 (24.4)
None 3534 (64.0) 3449 (63.1)
Arrest of labor — no. (%)
Stage 1 660 (11.9) 708 (12.9)
Stage 2 175 (3.2) 192 (3.5)
None or no labor§ 4690 (84.9) 4570 (83.5)
Oxytocin during labor — no. (%) 1466 (26.5) 1517 (27.7)
Placenta accreta, increta, or percreta — no. (%) 16 (0.3) 17 (0.3)
Infant birth weight >4000 g — no./total no. (%) 478/5524 (8.7) 453/5470 (8.3)
Chorioamnionitis — no. (%) 182 (3.3) 184 (3.4)
Gestational age at delivery9
Mean — wk 38.3£2.0 38.3£2.0
Distribution — no. (%)
<34 wk 143/5524 (2.6) 151/5470 (2.8)
34-36 wk 693/5524 (12.5) 689/5470 (12.6)
=37 wk 4688/5524 (84.9) 4630/5470 (84.6)
Preoperative hemoglobin level <8 g/dl — no./total no. (%) 10/5523 (0.2) 26/5464 (0.5)
Administration of tranexamic acid or placebo within 3 min after 5049/5511 (91.6) 5013/5455 (91.9)
umbilical-cord clamping — no./total no. (%) |
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Table 1. (Continued.)

* Plus—minus values are means +SD. All the characteristics were similar (P>0.05) in the two groups except for a preop-
erative hemoglobin level of less than 8 g per deciliter (P=0.007). Percentages may not total 100 because of rounding.

i Race and ethnic group were reported by the participant.

I The body-mass index is the weight in kilograms divided by the square of the height in meters. Data were missing for 22
participants in the tranexamic acid group and for 11 in the placebo group.

§ “None” included participants with labor who underwent cesarean delivery for indications other than labor arrest.

9§ Data were missing for one participant in the tranexamic acid group.

| Data were missing for 2 participants who received tranexamic acid and for 2 who received placebo because the time of
starting tranexamic acid or placebo or the time of umbilical-cord clamping was not obtained. Data were missing for 12
participants in the tranexamic group and for 13 in the placebo group because neither tranexamic acid nor placebo was

received.

DISCUSSION

In this randomized trial involving patients under-
going either scheduled or unscheduled cesarean
delivery, the prophylactic use of intravenous
tranexamic acid immediately after umbilical-
cord clamping did not lead to a significantly
lower risk of the composite outcome of maternal
death or blood transfusion. We did not find a
material between-group difference in the inci-
dence of estimated intraoperative blood loss of
more than 1 liter.

Treatments and surgical interventions in re-
sponse to bleeding and related complications
(composite secondary outcome) occurred in 16.1%
of the participants in the tranexamic acid group
and in 18.0% of those in the placebo group
(Table S2). Although our findings suggest the
possibility that prophylactic tranexamic acid
may have led to a lower risk of interventions in
response to bleeding and related complications,
the apparent between-group difference was ac-
counted for by less use of uterotonic agents in
the tranexamic acid group than in the placebo
group. There were no substantial between-group
differences in the use of surgical or interven-
tional radiologic procedures. Moreover, any bene-
fit did not translate to fewer blood transfusions.

The risk of thromboembolic events (venous or
arterial) was not higher in the tranexamic acid
group than in the placebo group. In cases in
which open-label tranexamic acid was used, our
protocol allowed for only the intravenous ad-
ministration of 1 g of tranexamic acid within
the first 24 hours after the trial infusion was
completed. Therefore, no participant should
have received more than 2 g of tranexamic acid

within a 24-hour period. The safety of higher
doses requires further study. The incidence of
postpartum infection was 3.2% in the tranexam-
ic acid group and 2.5% in the placebo group.

Our findings are inconsistent with those of
previous observational studies and systematic
reviews suggesting that the use of prophylactic
tranexamic acid during cesarean delivery reduces
the use of blood transfusion.”®3* Many of these
trials were small, single-center studies that were
prone to biases, and none were adequately pow-
ered to evaluate the use of blood transfusion.”” A
recent large, randomized, placebo-controlled
trial (Tranexamic Acid for Preventing Postpar-
tum Hemorrhage Following a Cesarean Delivery
[TRAAP2]) also showed no significant differ-
ence in the use of blood transfusion with pro-
phylactic administration of tranexamic acid at
the time of cesarean delivery, but that trial was
not powered to detect a difference in the inci-
dence of transfusion.”® Another limitation of the
TRAAP2 trial was that approximately 70% of
the patients underwent cesarean delivery before
the onset of labor, a situation that is associated
with lower risk of bleeding and use of blood
transfusion than cesarean delivery performed
during labor."*> The authors found no between-
group difference in the use of uterotonic agents
but did find that the calculated blood loss was
significantly less in the tranexamic acid group
than in the placebo group (mean difference, ap-
proximately 100 ml). The clinical significance of
this difference is questionable.

Our trial was larger than previous random-
ized trials evaluating the role of prophylactic
tranexamic acid at the time of cesarean delivery
and was adequately powered to evaluate the ef-
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fect on the use of blood transfusion. The inci-
dence of the primary outcome was higher than
that used in the sample-size estimation. Ran-
domization was restricted to allow a maximum
of 50% scheduled cesarean deliveries as com-
pared with unscheduled deliveries; this approach
was intended to prevent overrepresentation of
scheduled cesarean deliveries, which are associ-
ated with a lower risk of blood transfusion. The
pragmatic design of our trial, which allowed
practitioners to manage postpartum hemor-
rhage (including transfusion thresholds) accord-
ing to local protocols, increases the external
validity of our findings. The trial cohort re-
flected ample representativeness of the popula-
tion (Table S5).

This trial has some limitations. Because tran-
examic acid was administered after umbilical-
cord clamping, the benefit of earlier administra-
tion (before incision), if any, is unknown. Once
tranexamic acid is administered intravenously,
the concentration reaches a threshold of 10 ug
per milliliter on average shortly after 3 minutes
and persists above this level for at least 1 hour
after delivery.’® Delays in the administration of
tranexamic acid were infrequent; tranexamic
acid or placebo was administered within 3 min-
utes after umbilical-cord clamping in 92% of the

participants. The trial excluded patients who
were at high risk for thromboembolic phenom-
ena, such as those with a history of thromboem-
bolic events and those with congenital or ac-
quired thrombophilia. The safety of tranexamic
acid in this population remains largely unknown
and requires further study. Further study is also
needed to confirm the finding of a higher inci-
dence of postpartum infections with tranexamic
acid, which was unexpected.

In this placebo-controlled trial, we found that
prophylactic administration of tranexamic acid
during cesarean delivery did not lead to a lower
risk of maternal death or blood transfusion.
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