Sentilhes et al. BMC Pregnancy and Childbirth
https://doi.org/10.1186/s12884-019-2718-4

(2020) 20:63

STUDY PROTOCOL

Open Access

TRAAP2 - TRAnexamic Acid for Preventing
postpartum hemorrhage after cesarean
delivery: a multicenter randomized,
doubleblind, placebo- controlled trial – a
study protocol
Loïc Sentilhes1,2* , Valérie Daniel1,3, Catherine Deneux-Tharaux4 and On behalf of the TRAAP2 Study Group and
the Groupe de Recherche en Obstétrique et Gynécologie (GROG)

Abstract
Background: An antifibrinolytic agent that blocks lysine-binding sites on plasminogen molecules, tranexamic acid
reduces bleeding-related mortality in women with postpartum hemorrhage (PPH), especially administered fairly
soon after delivery. According to the randomized controlled trials thus far reported for PPH prevention after
cesarean deliveries (n = 16), women who received tranexamic acid had significantly less postpartum blood loss and
no increase in severe adverse effects. These were, however, primarily small single-center studies that had
fundamental methodological flaws. Multicenter randomized controlled trials with adequate power are necessary to
demonstrate its value persuasively before tranexamic acid goes into widespread use for the prevention of PPH after
cesarean deliveries.
Methods/design: This study will be a multicenter, double-blind, randomized controlled trial with two parallel
groups including 4524 women with cesarean deliveries before or during labor, at a term ≥34 weeks, modeled on
our previous study of tranexamic acid administered after vaginal deliveries. Treatment (either tranexamic acid 1 g or
placebo) will be administered intravenously just after birth. All women will also receive a prophylactic uterotonic
agent. The primary outcome will be the incidence of PPH, defined by a calculated estimated blood loss > 1000 mL
or a red blood cell transfusion before day 2 postpartum. This study will have 80% power to show a 20% reduction
in the incidence of PPH, from 15.0 to 12.0%.
Discussion: As an, inexpensive, easy to administer drug that can be add to the routine management of cesarean
births in delivery rooms, tranexamic acid is a promising candidate for preventing PPH after these births. This large,
adequately powered, multicenter randomized placebo-controlled trial seeks to determine if the benefits of the
routine prophylactic use of tranexamic acid after cesarean delivery significantly outweigh its risks.
Trial registration: ClinicalTrials.gov NCT03431805 (February 12, 2018).
Keywords: Postpartum hemorrhage, Treatment, Prevention, Tranexamic acid, Cesarean and vaginal deliveries,
Thrombosis, Randomized trial
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Background
Rationale
Prevention of postpartum hemorrhage

The standard definition of a primary postpartum
hemorrhage (PPH) is a blood loss of 500 mL or more in
the first 24 h after childbirth, regardless of mode of delivery. It causes around 25% of all maternal deaths worldwide
[1–3]. Some historical studies have reported that mean
blood loss is significantly higher after cesarean than vaginal
deliveries [2]. A prospective observational study in France
reached a similar conclusion [4]: blood loss > 500 mL
occurred in 46.8% of cesarean deliveries and > 1000 mL in
11.6%; the 95th percentile of the volume of blood loss distribution was 1300 mL [4]. Because the authors estimated
blood loss mainly by the volume in the suction container
from the placental delivery, these data may underestimate
the true blood loss. Nonetheless, these estimates of blood
loss during cesareans [4] are consistent with those reported
by Sheehan et al. in their double-blind randomized controlled trial (RCT) comparing two regimens of prophylactic
oxytocin at elective cesarean deliveries (n = 2069 in total)
[5]. A calculated estimated blood loss ≥1000 mL [calculated
estimated blood loss = estimated blood volume × (preoperative hematocrit – postoperative hematocrit/preoperative hematocrit (where estimated blood volume = booking
weight (kg) × 85)] defined the PPH incidence that was the
primary outcome in their trial. They chose this validated
calculation as a quantitative objective measure to estimate
blood loss [6, 7] because it is widely accepted that clinicians
underestimate this loss [8, 9] and that gravimetric methods
include liquor in addition to blood, which limits their
accuracy, especially for cesareans [10]. They reported a calculated blood loss ≥1000 mL in around 16% in both groups
of women with an elective cesarean [5]. This result is
consistent with that of the French prospective study mentioned above, which estimated blood loss clinically [4].
Today, of the components of the active management
of the third stage of labor, a package intended to reduce
PPH, only one — the administration of a uterotonic
agent — has been demonstrated to reduce the incidence
of PPH by 50% [2, 3, 11].
Tranexamic acid

Tranexamic acid, as an antifibrinolytic agent, blocks
lysine-binding sites on plasminogen molecules [12]. It
reduces bleeding in elective surgery [13, 14] and mortality in trauma patients [15] and does so without any rise
in the number of vascular occlusive events [13–15]. In
gynecology, tranexamic acid reduces menstrual blood
loss in women with menorrhagia compared with control
agents or placebo [16].
In obstetrics, tranexamic acid reduces bleeding-related
mortality in women with PPH, especially when administered fairly soon after delivery [17]. The WOMAN trial
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enrolled 20,060 women with PPH, randomly assigned
them to receive tranexamic acid (n = 10,051) or placebo
(n = 10,009), and included 10,036 and 9985, respectively,
in the analysis [17]. Significantly fewer women treated
with tranexamic acid (1.5% vs 1.9%, risk ratio (RR) 0.81,
95% confidence interval (CI) 0.65–1.00; P = 0.045) died
due to bleeding, especially those treated within 3 h of delivery (1.2 and 1.7%, respectively, RR 0.69, 95% CI 0.52–
0.91; P = 0.008). The groups did not differ significantly
for adverse (including thromboembolic) events [17]. This
team also conducted an individual data meta-analysis
that showed a 10% decrease in the survival benefit of
tranexamic acid associated with every 15 min delay in
treatment administration during the first 3 h; after 3 h,
the benefit vanished [18].
For prevention of postpartum hemorrhage We searched
Medline through January 1, 2019, and found 20 RCTs
aimed at evaluating the preventive impact on PPH of
tranexamic acid administered after delivery in addition
to prophylactic uterotonics [19–38]. Only four enrolled
women with vaginal deliveries [19–22], the sixteen
others including women with cesarean delivery [23–38].
Except for the French Tranexamic Acid for Preventing
Postpartum Hemorrhage Following a Vaginal Delivery
(TRAAP) trial, which we coordinated and on which this
protocol is modeled [22, 39], these RCTs took place in
countries with low or middle resources (China, India,
Iran, Turkey, Pakistan, and Egypt), had major methodological flaws, and their results could have been affected
by their potential for selection, performance, and detection biases. Their findings must therefore be interpreted
cautiously, as stressed by several authors [12, 39–45].
The TRAAP trial enrolled 4000 women at standard risk
for PPH with a planned vaginal delivery of a singleton
live fetus at 35 weeks or more of gestation [22]. The primary outcome — blood loss of at least 500 mL — did
not differ significantly between women randomized in
the tranexamic acid group and those in the placebo
group (RR, 0.83; 95% CI, 0.68 to 1.01; P = 0.07).
Sixteen RCTs have thus assessed the effect of tranexamic
acid in preventing PPH in women who had elective cesareans; they reported a significantly reduced blood loss in
those randomized to receive tranexamic acid, with no effect on the cardinal vital signs or on thrombosis [23–38].
Nevertheless, because of their notable methodologic concerns related to blinding, outcome assessment, and attrition bias, their findings must be considered inconclusive.
Furthermore, the external validity of the results observed
in middle-income countries appears uncertain, and
they lacked adequate power to assess severe adverse
events [12, 39–45]. The interpretation of their results
thus requires particular caution.
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Finally, it is important to emphasize that none of these
RCTs included cesarean deliveries during labor [12],
when moderate and severe blood loss are both significantly more prevalent than before labor [46].
In conclusion, while tranexamic acid appears promising
for the prevention of PPH after cesareans, the results currently available do not yet justify its widespread use. We
propose to perform an adequately powered, multicenter,
randomized, placebo-controlled trial to determine what
effect, if any, systematic tranexamic acid administration
after cesarean delivery has on PPH incidence.
Our hypothesis, patterned after that of the TRAAP
trial for vaginal deliveries [22, 39], is that administration
of a low dose of tranexamic acid (1 g) in the 3 min after
cesarean delivery and after prophylactic uterotonic administration, reduces blood loss and the incidence of
both PPH and its complications.
Objectives

The aim of this study is therefore to compare the effect of
the administration of a low dose of tranexamic acid (1 g)
in the 3 min after a cesarean delivery with placebo, both in
addition to prophylactic uterotonics, in a multicenter randomized, double-blind, placebo-controlled trial with two
parallel groups.
The specific object ives, similar to but modified from
those for the TRAAP trial for vaginal deliveries [22, 39],
are as follows:
 To assess the effect of tranexamic acid (1 g) on

postpartum blood loss after cesarean delivery
 Primary outcome
 Incidence of PPH defined by a calculated
estimated blood loss > 1000 mL [Calculated
estimated blood loss = estimated blood volume
× (preoperative hematocrit - postoperative
hematocrit)/preoperative hematocrit (where
estimated blood volume (mL) = weight (Kg) ×
85)] or red blood cell (RBC) transfusion before
day 2 (D2) postpartum [5–7]. Preoperative
hematocrit will be the most recent hematocrit
within 1 week before delivery. Postoperative
hematocrit will be measured at D2 (see
below).
 Secondary outcomes
 Other outcome measures describing
postpartum blood loss, including but not
limited to calculated blood loss > 500 mL, >
1500 mL and mean total calculated blood loss,
mean gravimetrically estimated blood loss by
measuring the suction volume and swab
weight until discharge from the postanesthesia care unit (PACU) (i.e., about 2 h
after the end of the cesarean) [23] as well as >
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500 mL and > 1000 mL; mean gravimetrically
estimated blood loss at the end of the cesarean
delivery, mean or median number of units of
red blood cells transfused, incidence of postpartum iron perfusion, shock, as well as the
outcomes previously considered [22, 39]:
provider-assessed clinically significant PPH,
proportion of women requiring supplementary
uterotonic treatment including sulprostone,
incidence of postpartum transfusion, incidence
of arterial embolization or emergency surgery
for PPH, mean peripartum change in
hemoglobin and hematocrit as well as
hemoglobin drop > 2 g/dL, transfer to
intensive care unit (ICU), or death from any
cause.
 To assess the potential adverse effects of
tranexamic acid (1 g) after cesarean delivery:
 Hemodynamic parameters, adverse
gastrointestinal events, renal, hepatic, and
coagulation function, and any venous or
arterial thrombosis in the 3 months after
delivery (39).
 To assess women’s satisfaction and psychological
status at D2 and D60 [39].

Methods/design
The methodology and design are very similar to and
modified from those of the TRAAP trial for vaginal deliveries [22, 39].
Recruitment and allocation

The recruitment and allocation, including inclusion and
exclusion criteria, are essentially identical to those reported previously [22, 39], modified for a population
with cesarean rather than vaginal deliveries.
Inclusion criteria

Age ≥ 18 years
Cesarean delivery, either before or during labor
Gestational age ≥ 34 weeks
Available venous hematocrit value in the week
before the cesarean
 Prenatal hemoglobin level in the week before the
cesarean > 90 g/l
 Signed informed consent





Exclusion criteria
 History of venous (deep vein thrombosis and/or

pulmonary embolism) or arterial (angina pectoris,
myocardial infarction, or stroke) thrombosis
 History of epilepsy or seizure
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 Any known active cardiovascular, renal, or liver

and vials will be identically labeled, and the drug packs will
be differentiated only by the treatment number. Accordingly, all participants, including caregivers, will be masked
and the women’s safety simultaneously guaranteed.
The randomization will be centralized and stratified by
center and the timing of the cesarean (before or during
labor). Randomization numbers will be attributed through
a web platform (Ennov Clinical Software). Once a woman
has been included and a randomization number assigned
to her, she will retain this number even in case of withdrawal from the study.
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disorders
Autoimmune disease
Sickle cell disease
Severe hemorrhagic disease
Placenta previa
Abnormally invasive placenta (placenta accreta/
increta/percreta)
Abruptio placentae
Eclampsia or HELLP (Hemolysis Elevated Liver Low
Platelet) syndrome
In utero fetal death
Administration of low-molecular-weight heparin or
antiplatelet agents in the week before delivery
Known hypersensitivity to tranexamic acid or
concentrated hydrochloric acid
Failed operative vaginal delivery
Planned general anesthesia
Cesarean delivery for the second twin or second/
third triplet(s) after vaginal birth of the first twin.
Poor understanding of the French language

Women will receive individual information in late
pregnancy about the trial from obstetricians and midwives during prenatal visits or from anesthetists during
the systematic anesthesia visit, or both.
Women may be pre-included (receive information and
sign consent forms) for cesareans both before and during labor when the investigator considers that the
woman is likely to have a cesarean delivery. The aim of
pre-inclusion is to facilitate recruitment in the trial,
particularly the recruitment of cesareans during labor,
which may be decided upon and performed in emergency situations.
Women will be randomized to receive either 1 g of
tranexamic acid (Sanofi Aventis, Paris, France; Marketing authorization number: 3400931157618 [1974, RCP
rev 06.08.2018]) or placebo (normal saline, Fresenius
Kabi, Sèvres, France; Marketing authorization number:
3400941573941, RCP rev 02.01.2018), at a 1:1 ratio. The
Clinical Epidemiology Unit (CEU) of the Bordeaux
University Hospital will create and securely hold the
randomization list for allocations to the tranexamic acid
and placebo groups. As in the previous trial [22, 39], a
list of treatment units, containing the type of product
(tranexamic acid or placebo) and the corresponding
treatment number, will be forwarded to the pharmacy
department of the Angers University Hospital, a member
of the PPRIGO hospital pharmacists’ consortium (Production Pharmaceutique pour la Recherche Institutionnelle du Grand Ouest). The blinded products will be
supplied in numbered, labeled boxes, each containing a
10-mL vial of the study drug (1 g of tranexamic acid or
placebo according to the randomization list). All boxes

Intervention

As in the previous trial [22, 39] the intervention will be
the intravenous administration of a 10-mL blinded vial of
the study drug (either 1 g of tranexamic acid or placebo,
according to the randomization group), slowly (over 30–
60 s), in the 3 min after birth, the routine prophylactic
uterotonic administration, and cord clamping, all generally
by the anesthesiologist or nurse-anesthetist.
Except for the content of the study drug vial, all aspects of management of cesarean delivery, including the
third stage, will be identical in both arms as previously
reported [22]:
– Routine prophylactic intravenous injection of 5 or
10 IU oxytocin or 100 micrograms carbetocin
(according to the hospital’s policy) at delivery of the
anterior shoulder or in the 3 min after birth, as
recommended in the national clinical practice
guidelines issued by the French College of
Gynecologists and Obstetricians [47].
Other aspects of the cesarean procedure

– Surgeons will be asked to operate with a
standardized procedure:
○ Because the Joel-Cohen technique and its variants (Misgav-Ladach technique) have been associated with less blood loss than the use of the
Pfannenstiel abdominal incision (and its
variants), use of the former techniques will be
preferred [48, 49].
○ Because delivery of the placenta with cord
traction at cesarean section has been associated
with less blood loss than manual removal, cord
traction will be preferred in the absence of severe
bleeding [50].
– The care providers will decide upon the
administration of additional uterotonics and the
management of PPH, in a manner consistent with
French guidelines [47] and the center’s protocol. In
particular, the use of tranexamic acid for the
treatment of PPH will be allowed and left to the
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practitioner’s discretion according to the center’s
protocol.
– The method for estimating blood loss will be
standardized and include:
○ Recording of the suction blood volume.
○ Weighing of all swabs or material used to
measure additional blood loss.
– Finally, because the obstetrician’s level of
experience may affect estimated blood loss during
or after a cesarean delivery, the obstetrician’s
experience, categorized as junior or senior
according to years of specialist training, will be
recorded [5].

Outcome measures
Primary outcome measure

The trial’s primary outcome will be the incidence of PPH,
defined by a calculated estimated blood loss > 1000 mL or
RBC transfusion up to D2 [5]. Calculated estimated blood
loss will be based on the difference between the preoperative and postoperative packed cell volume (PCV), also
known as hematocrit; it will be calculated as follows [5–7]:
calculated estimated blood loss = estimated blood volume
× (preoperative hematocrit – postoperative hematocrit/
preoperative hematocrit (where estimated blood volume
(mL) = weight (kg) × 85).
We have chosen this calculation as a quantitative objective measure to estimate blood loss because of the inaccuracy of blood loss estimation for cesareans through
other methods, as described above [2, 8–10].
Preoperative hematocrit will be the most recent
hematocrit measured within 1 week before delivery.
Postoperative hematocrit will be the hematocrit obtained
by blood sampling at D2. If hematocrit is not available at
D2, then hematocrit at D3 will be considered; if it is also
missing, then the postpartum hematocrit closest to D2
in the absence of transfusion will be considered [39].
All women who receive RBC transfusion for PPH
between delivery and D2 postpartum are defined to
have PPH and meet the criteria for the primary outcome [5]. Calculated blood loss is impossible to determine for these women. Moreover, women only rarely
receive an RBC transfusion for a blood loss less than
1000 mL [2, 4, 6, 47, 51]. As a marker of significant
maternal morbidity, RBC transfusion is considered
equivalent or superior to blood loss greater than 1000
mL [2, 3, 47, 52].

Secondary outcomes
 Secondary outcome measures describing postpartum

blood loss
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Clinical

– mean gravimetrically estimated blood loss, by
measuring the suction volume and swab weight
according to Gai et al. (estimated blood
loss = (weight of materials used + materials not
used - weight of all materials before surgery)/
1.05 + volume included in the suction container)
[23, 27, 28], recorded from placental delivery to:
▪ the end of the cesarean delivery, and just before
the woman’s transfer to the PACU.
▪ the discharge of the woman from PACU (i.e.,
about 2 h after the end of the cesarean delivery).
– gravimetrically estimated blood loss > 500 mL
– gravimetrically estimated blood loss > 1000 mL
– incidence of provider-assessed clinically significant
PPH, defined by the providers’ response to the
question: “Was there a PPH?” [22, 39]
– proportion of women requiring supplementary
uterotonic treatment, including sulprostone [22, 39]
– incidence of postpartum transfusion (until
discharge) [22, 39]
– mean number of RBC units transfused
– incidence of iron sucrose perfusion (until discharge
from hospital)
– incidence of arterial embolization and emergency
surgery for PPH [22, 39].
– incidence of hypovolemic shock related to PPH
– incidence of transfer to ICU
– incidence of maternal death from any cause [22, 39].
Laboratory

– incidence of calculated blood loss > 500 mL and >
1500 mL
– mean total calculated blood loss
– mean peripartum change in hemoglobin
(difference between hemoglobin before delivery
and at D2) [22, 39]
– Hemoglobin drop > 2 g/dL (between hemoglobin
before delivery and at D2) [22, 39]
For all laboratory indicators, the predelivery reference
examination will be the most recent blood count obtained within 1 week before delivery. As previously described [22, 39], all patients included in the trial will
provide a blood sample on the second day postpartum
(D2) to measure their peripartum hemoglobin and
hematocrit and calculate the change in these two indicators. If no blood sample is available from D2, these measurements will be assessed from a D3 blood sample, if
available. If no blood sample is available from D2 or D3,
they will be assessed from the blood sample closest to
D2 in the absence of transfusion.
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 The occurrence of potential adverse effects of

tranexamic acid, most as previously reported (39),
with some modifications:
Clinical

– Hemodynamic parameters (heart rate, blood
pressure) 15, 30, 45, 60, and 120 min after delivery
[22, 39].
– the occurrence of potential mild adverse effects of
tranexamic acid in the operating room:
▪ nausea
▪ vomiting
▪ phosphenes
▪ dizziness
– the occurrence of potential severe adverse effects of
tranexamic acid during the hospital stay and up to
12 weeks postpartum [22, 39]:
▪ deep vein thrombosis, if the diagnosis is
confirmed by Doppler ultrasound [39]
▪ pulmonary embolism, if the diagnosis is
confirmed by radiological examination [39].
▪ myocardial infarction [39]
▪ seizure [39]
▪ renal failure requiring dialysis [39]
▪ any other unexpected adverse events [39].
As previously [39], these events will be checked by the
medical team during the hospitalization and then at 12
weeks postpartum by a telephone interview of each
woman. In the event that the woman cannot be reached,
at least 10 calls at different hours over the course of the
week will be made to minimize loss to follow-up. In
cases of severe adverse effects reported by a woman after
discharge, objective data will be collected from medical
files, transmitted either by the woman herself or her
general practitioner.
Laboratory

– mean urea and creatinemia, prothrombin time (PT),
active prothrombin time (aPTT), aspartate and alanine
transaminase, and total bilirubin at D2 [22, 39].

 Women’s satisfaction and psychological status

– This will be assessed by a self-administered
questionnaire on D2 postpartum and by mail or
email at 8 weeks postpartum [22, 39].

Statistical analysis

As in our previous TRAAP study of vaginal deliveries
[22, 39], data analysis and reporting will adhere to the
CONSORT guidelines for randomized controlled trials
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and will be conducted with the trial statistician and researchers blinded to group status. The women’s demographic characteristics and standard risk factors for PPH will
be compared between the two groups. The main analysis of
the primary and secondary outcomes will be performed in
the modified intention-to-treat (ITT) population, defined as
women who undergo randomization and have a cesarean
delivery (except if they withdraw consent or are deemed ineligible after randomization). We will also analyze two separate per-protocol populations: women from the modified
ITT population receiving a uterotonic and then tranexamic
acid or placebo in the 3 min after delivery (as prespecified in
the protocol) (per-protocol group 1); the other will include
women from the modified ITT population receiving a uterotonic and then tranexamic acid or placebo in the 10 min
after delivery (per-protocol group 2; for a situation more
consistent with routine clinical practice).
The baseline characteristics of the trial participants,
the management of the third stage of labor, and protocol
adherence will be compared by descriptive statistics.
Quantitative variables will be expressed, as appropriate,
as means with standard deviations (and compared by
Student’s t-test) or as medians with interquartile ranges
(compared by the Wilcoxon rank-sum test). Chi-square
or Fisher’s exact tests will be used, as appropriate, to
compare categorical variables. The effects of tranexamic
acid will be expressed as relative risks with 95% confidence intervals for categorical outcomes and as mean
differences with 95% confidence intervals for quantitative outcomes. The results will also be expressed as absolute risk differences with 95% confidence intervals for
binary outcomes.
Two prespecified subgroup analyses will examine the
primary outcome in subgroups of women at high risk of
postpartum hemorrhage. The subgroups will include
women who undergo a cesarean during labor and those
who are at risk for postpartum hemorrhage according to
a composite definition (having at least one risk factor
with an odds ratio of 3 or greater in the literature [53]:
history of any of postpartum hemorrhage, pregnancyrelated hypertensive disorder, multiple pregnancy, or
cesarean during labor). Moreover, prespecified subgroup
analyses will examine the secondary outcomes in the
subgroup of women who undergo a cesarean during
labor. We will use the Benjamini–Hochberg procedure
to adjust for multiple comparisons of secondary outcomes or subgroups.
Feasibility

Some participating centers have previously collaborated
in two French PPH-related multicenter randomized controlled trials assessing the impact of controlled cord
traction (TRACOR trial [51]) and/or of tranexamic acid
(1 g) after vaginal delivery (TRAAP trial [22]) on the
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prevention of PPH. Together they have randomized
more than 4000 women with vaginal deliveries for each
of these trials and shown their capacity to conduct large
trials related to PPH prevention. Moreover, all participating centers belong to a national network called
Groupe de Recherche en Obstétrique et Gynécologie
(GROG) and have recently participated successfully in
several RCTs, demonstrating their ability to run large
RCTs assessing perinatal outcomes [54–56].
Sample size

We assumed a 15% incidence of our primary outcome
(calculated blood loss > 1000 mL or RBC transfusion before D2) after cesareans in the absence of tranexamic acid,
based on the results from a high-quality RCT conducted
in the Republic of Ireland with a similar outcome measure
(n = 2069) [5]. To show a relative reduction of at least 20%
in the incidence of postpartum hemorrhage in the tranexamic acid arm — that is, an incidence of 12% or less in
this arm, with α = 0.05, 1 − β = 0.80, and a bilateral test,
the study will require 2036 women with a cesarean delivery in each group, totaling 4072 participants. A higher
number of randomized women must be included given
that some will have a scheduled cesarean cancelled, be lost
to follow-up, or lack the postpartum blood sample needed
to assess the primary outcome (estimated at a maximum
of 10%). Accordingly, we plan to include 2262 women in
each group, totaling 4524 participants.
Timetable

The 28 French participating maternity units perform 92,
500 deliveries a year. The average cesarean rate is estimated at 25% in these tertiary university centers (20.4%
national rate in 2016 [57]). Considering the trial’s exclusion criteria, and in particular the exclusion of cesareans
performed before 34 weeks, we estimate that 18% of parturients, i.e., 16,500/year, will be eligible for the trial in
the participating centers. An inclusion period of 24
months should make it possible to recruit 4524 women,
if we assume a participation rate of at least 15%. This
rate appears realistic given the previous patient recruitment obtained in similar trials in some of the participating centers (TRACOR and TRAAP trials) [22, 51].
The trial is expected to last a total of 27 months, including 24 months of inclusions and 3 months of postpartum follow-up.
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– 1 completed by the CRT from the obstetric file:
woman’s characteristics, course of the pregnancy,
labor, and delivery.
– 1 completed by the CRT about the postpartum
events after leaving the delivery room, and the
results of the postpartum blood count.
– 1 questionnaire about women’s satisfaction on D2
postpartum, completed by the women, with
responses entered secondarily in the electronic file
by the CRT.
– 1 questionnaire about the women’s satisfaction and
psychological status at 8 weeks postpartum, sent by
the CRT to the women and completed by them,
with responses entered secondarily in the electronic
file by the CRT.
– 1 questionnaire about the occurrence of
thromboembolic and any other unexpected events at
12 weeks in postpartum, completed by the CRT
during a telephone interview with the woman, with
responses secondarily entered in the electronic file
by the CRT.
The Methodology and Data management Centre of
the Bordeaux University Hospital will handle the data
management and statistics centrally, under the supervision of the Scientific Director of the study (CDT).
Quality control will be conducted according to the
standard operating procedures of the sponsor, Bordeaux
University Hospital. The research in the investigational
centers and management of subjects will comply with
the Declaration of Helsinki and Good Clinical Practices.
CRTs will conduct regular visits to each investigative
center and report to the Data and safety monitoring
committee (DSMC). During these onsite inspections and
in accordance with Good Clinical Practices and as in the
previous TRAAP study [39], the following items will be
reviewed:
– Compliance with the research protocol and the
procedures defined therein
– Patients’ informed consents, to be verified for all
women included
– The source documents to compare with the data
reported in the eCRFs for accuracy and consistency
of the data and the missing data.
– End-of-trial visit: archiving of research documents.

Data management

Each investigator will be responsible for ensuring the accurate recording of the data, which will be completed by
clinical research technicians (CRTs) throughout the trial,
with Clinsight software. The electronic case report file
for each woman will contain 5 components, as previously described [39]:

Trial steering committee

A trial steering committee (TSC) will be set up, which
will be responsible for overall supervision of the trial. It
will meet before the trial starts and then at least every 2
months until the trial is completed. The TSC will meet
within a month of every Safety Monitoring Committee
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meeting to consider their recommendations (as modified
from [39]).
Safety consideration

As in the first TRAAP trial [39], an independent Data and
Safety Monitoring Committee will also be formed. Its
members will meet yearly to examine recruitment figures,
baseline data, and will review the result of the interim
safety data analysis when half of the planned sample size
has been recruited.
Suspected unexpected serious adverse reactions (SUSARs)
will be recorded and reported with the ANSM (National
Agency for Drug Safety) approved SUSAR form. As in the
first TRAAP trial [39], SUSARs include maternal death,
surgery (other than cesarean delivery) in the 12 weeks after
randomization, transfusion of more than 4 units of blood,
admission to an ICU, deep vein thrombosis, pulmonary embolism, myocardial infarction, seizure, renal failure defined
by the need for dialysis, or suspected drug reactions. In case
of a SUSAR the form will be filled in by the local coordinator and transmitted to the trial coordinating center at the
Bordeaux University Hospital within 72 h. Copies of the
form will then be sent to the trial statistician and the chair
of the Safety Monitoring Committee. The Safety Monitoring
Committee may ask for unblinding, while the investigators
will remain blinded to the treatment allocation. The ANSM,
the trial sponsor, and the Chair of the Ethics Committee will
also be informed by the Safety Monitoring Committee if
considered appropriate, in particular when SUSARS related
to the Investigational Medicinal Products are suspected. Finally, if the Safety Monitoring Committee judges it needed,
it can recommend to the Scientific Committee that the trial
be stopped.

Discussion
Potential and implementation of the findings

Reports of increases in PPH incidence in high-resource
countries [3, 58, 59] underline the need for prophylaxis that
goes beyond the current recommendation for the administration of a uterotonic at the start of the third stage of labor.
PPH prevention might be enhanced by a treatment that
acts on the coagulation process. Tranexamic acid, as an inexpensive agent that is simple to administer, could easily be
added to the routine management of cesarean deliveries
worldwide. It is thus a promising candidate for prevention.
Nonetheless, the evidence now available does not justify its
widespread use in this situation. This large, multicenter,
randomized placebo-controlled trial aims to determine with
adequate power if the benefits of the routine prophylactic
use of tranexamic acid after cesarean delivery significantly
outweigh its risks for the safe prevention of PPH.
Abbreviations
ANSM: National Agency for Drug Safety; aPTT: Active prothrombin time;
CEU: Clinical epidemiology unit; CI: Confidence interval; CNIL: Commission

Page 8 of 11

Nationale Informatique et Libertés (French national data protection agency);
CPP: Comité de Protection des Personnes (Committee for protection of
persons); CRT: Clinical research technician; D: Day; DSMC: Data and safety
monitoring committee.; eCRF: Electronic Case Report Form; g: Gram;
GROG: Groupe de Recherche en Obstétrique et Gynécologie (Obstetrics and
gynecology research group); HELLP: Hemolysis elevated liver low platelet;
ICU: Intensive care unit; IU: International unit,; Kg: Kilogram; L: Liter;
mL: Milliliter; PACU: Post anesthesia care unit; PHRC: Programme Hospitalier
de Recherche Clinique (hospital clinical research program); PPH: Postpartum
hemorrhage; PPRIGO: Production pharmaceutique pour la recherche
institutionnelle du grand ouest (pharmaceutical production for Western France
institutional research); PT: Prothrombin time; PVC: Packed cell volume;
RBC: Red blood cells; RCT: Randomized controlled trial; RR: Risk ratio; SUSA
Rs: Suspected unexpected serious adverse reactions; TRAAP: Tranexamic acid
for preventing postpartum hemorrhage following a vaginal
delivery (randomized controlled trial); TRACOR: Traction of the cord
(randomized controlled trial); TSC: Trial steering committee; WOMAN: World
maternal antifibrinolytic (randomized controlled trial)
Acknowledgments
The authors want to thank the members of the Independent Data and
Safety Monitoring Committee: Pr Sophie Alexander (chair), Pr Hawa KeitaMeyer, Dr. Sophie Gautier, and Pr Cyril Huissoud. This monitoring committee
will meet yearly to examine baseline data and adverse events.
The authors would like the names of the individual members of the TRAAP2
Study Group to be searchable through their individual PubMed records.
List of participating Members/Collaborators of the TRAAP2 study group.
Loïc Sentilhes, MD, PhD, Department of Obstetrics and Gynecology,
Bordeaux; Catherine Deneux-Tharaux MD, PhD, INSERM UMR1153 –
Obstetrical, Perinatal and Paediatric Epidemiology (EPOPé research team),
Paris, Descartes University, Paris; Clémence Houssin, MD, Department of
Obstetrics and Gynecology, Bordeaux; Hugo Madar, MD, Department of
Obstetrics and Gynecology, Bordeaux; Aurélien Mattuizzi, Department of
Obstetrics and Gynecology, Bordeaux; Benjamin Merlot, MD, Department of
Obstetrics and Gynecology, Valérie Daniel, MD, Department of Pharmacy,
Angers – PPRIGO, Brest; Astrid Darsonval, MD, Department of Pharmacy,
Angers - PPRIGO, Brest; Bellabes Ghezzoul, MD, Department of Pharmacy,
Bordeaux; Antoine Bénard, MD, PhD, Methodology and Data management
Centre USMR, Bordeaux; Jérôme Galet, Methodology and Data Management
Centre, USMR, Bordeaux; Aurore Georget, MSc, Methodology and Data
management Centre, USMR, Bordeaux; Sophie C Regueme, PhD, Sponsor
head of project, Caroline Roussillon, MD, Sponsor Clinical Research Safety
and Vigilance unit, Bordeaux; Sandrine Desjardins, Sponsor Monitoring unit,
Bordeaux; Aurélie Darmaillacq, Clinical Research Associate, Department of
Obstetrics and Gynecology, Bordeaux; Olivier Delorme, Clinical Research
Associate, Department of Obstetrics and Gynecology, Bordeaux; Laure Estève,
Clinical Research Associate, Department of Obstetrics and Gynecology,
Bordeaux; Fatima-Zahra Makhoukhi, Clinical Research Associate, Department
of Obstetrics and Gynecology, Bordeaux; Benoit Elleboode, MD, Department
of Obstetrics and Gynecology, Bordeaux; Guillaume Legendre, MD,
Department of Obstetrics and Gynecology, Angers; Didier Riethmuller, MD,
PhD, Department of Obstetrics and Gynecology, Besançon; Denis Gallot, MD,
PhD, Department of Obstetrics and Gynecology, Clermont-Ferrand; Raoul
Desbrière MD, Department of Obstetrics and Gynecology, Marseille; Florent
Fuchs, MD, Department of Obstetrics and Gynecology, Montpellier; Olivier
Morel, MD, PhD, Department of Obstetrics and Gynecology, Nancy; Emilie
Gauchotte, MD, Department of Obstetrics and Gynecology, Nancy; Norbert
Winer, MD, PhD, Department of Obstetrics and Gynecology, Nantes; Vincent
Letouzey, MD, PhD, Department of Obstetrics and Gynecology, Nîmes;
François Goffinet, MD, PhD, Department of Obstetrics and Gynecology
Assistance Publique-Hôpitaux de Paris, Cochin-Port Royal; Camille Le Ray,
MD, PhD, Department of Obstetrics and Gynecology Assistance PubliqueHôpitaux de Paris, Cochin-Port Royal; Patrick Rozenberg, MD, PhD,
Department of Obstetrics and Gynecology, Poissy; Maëla Le Lous, MD,
Department of Obstetrics and Gynecology, Rennes; Eric Verspyck, MD, PhD,
Department of Obstetrics and Gynecology, Rouen; Céline Chauleur, MD, PhD,
Department of Obstetrics and Gynecology, Saint Etienne; Nicolas Sananes,
MD, PhD, Department of Obstetrics and Gynecology, CMCO, Schiltigheim;
Fanny De Marcillac, MD, Department of Obstetrics and Gynecology,
Hautepierre, Strasbourg; Olivier Parant, MD, PhD, Department of Obstetrics
and Gynecology, Toulouse; Franck Perrotin, MD, PhD, Department of

Sentilhes et al. BMC Pregnancy and Childbirth

(2020) 20:63

Obstetrics and Gynecology, Tours; Gilles Kayem, MD, PhD, Department of Obstetrics and Gynecology Assistance Publique-Hôpitaux de Paris, Paris Trousseau; Elie Azria, MD, PhD, Department of Obstetrics and Gynecology, Paris St
Joseph; Marie-Victoire Senat, MD, PhD, Department of Obstetrics and
Gynecology Assistance Publique-Hôpitaux de Paris, Bicètre; Laurent Salomon,
MD, PhD, Department of Obstetrics and Gynecology Assistance PubliqueHôpitaux de Paris, Paris Necker; Laurence Bussières, MD, Department of
Clinical Research, Assistance Publique-Hôpitaux de Paris, Paris Necker;
Laurence Lecomte PhD, Department of Clinical Research, Assistance
Publique-Hôpitaux de Paris, Paris Cochin; Thomas Schmitz, MD, PhD,
Department of Obstetrics and Gynecology Assistance Publique-Hôpitaux de
Paris, Robert Debré; Florence Bretelle, MD, PhD, Department of Obstetrics
and Gynecology, Assistance Publique-Hôpitaux de Marseille, Marseille;
Delphine Vardon, MD, Department of Obstetrics and Gynecology, Caen;
Bassam Haddad, MD, PhD, Department of Obstetrics and Gynecology, Créteil;
Caroline Bohec, MD, Department of Obstetrics and Gynecology, Pau.
Participating members of the TRAAP2 Study group have not received any
compensation for their role in the study.
List of Participating Members/Collaborators of the Groupe de Recherche en
Obstétrique et Gynécologie (GROG).
Thomas Schmitz, MD, PhD, Department of Obstetrics and Gynecology
Assistance Publique-Hôpitaux de Paris, Robert Debré, GROG president; Elie
Azria, MD, PhD, Department of Obstetrics and Gynecology, Paris; Céline
Chauleur, MD, PhD, Department of Obstetrics and Gynecology, Saint Etienne;
Catherine Deneux-tharaux MD, PhD, UMR1153 – Obstetrical, Perinatal and
Paediatric Epidemiology (EPOPée research team), Paris, Descartes University INSERM, Paris; Philippe Deruelle, MD, PhD, Department of Obstetrics and
Gynecology, Lille; Raoul Desbrière MD, Department of Obstetrics and
Gynecology, Marseille; Muriel Doret, MD, PhD, Department of Obstetrics and
Gynecology, Lyon; Anne Ego, MD, PhD, Université Grenoble Alpes/CNRS/
TIMC-IMAG UMR 5525 (Equipe ThEMAS), Grenoble; Denis Gallot, MD, PhD,
Department of Obstetrics and Gynecology, Clermont-Ferrand; François
Goffinet, MD, PhD, Department of Obstetrics and Gynecology Assistance
Publique-Hôpitaux de Paris, Cochin-Port Royal; Cyril Huissoud, MD, PhD,
Department of Obstetrics and Gynecology, Lyon; Gilles Kayem, MD, PhD,
Department of Obstetrics and Gynecology Assistance Publique-Hôpitaux de
Paris, Paris; Bruno Langer, MD, PhD, Department of Obstetrics and
Gynecology Hautepierre, Strasbourg; Camille Le Ray, MD, PhD, Department
of Obstetrics and Gynecology Assistance Publique-Hôpitaux de Paris,
Cochin-Port Royal; Olivier Morel, MD, PhD, Department of Obstetrics and
Gynecology, Nancy; Franck Perrotin, MD, PhD, Department of Obstetrics and
Gynecology, Tours; Patrick Rozenberg, MD, PhD, Department of Obstetrics
and Gynecology, Poissy; Marie-Victoire Senat, MD, PhD, Department of
Obstetrics and Gynecology Assistance Publique-Hôpitaux de Paris, Bicètre;
Loïc Sentilhes, MD, PhD, Department of Obstetrics and Gynecology,
Bordeaux; Damien Subtil, MD, PhD, Department of Obstetrics and
Gynecology, Lille; Christophe Vayssiere, MD, PhD, Department of Obstetrics
and Gynecology, Toulouse; Norbert Winer, MD, PhD, Department of
Obstetrics and Gynecology, Nantes; Participating members of the GROG have
a role in the design of the study. They have not received any compensation
for their role in the study.
Authors’ contributions
LS, VD and CDT drafted the manuscript, with input from other members of
the TRAAP2 Study Group. All authors read and approved the final
manuscript.
Funding
The TRAAP2 trial is supported by a grant from the French Ministry of Health
(PHRC, 2015, PHRC-15-0011). The funding body has no role of the in the
design of the study and collection, analysis, and interpretation of data and in
writing the manuscript.
Availability of data and materials
Not applicable.
Ethics approval and consent to participate
TRAAP2 trial was approved
-by the Agence Nationale de Sécurité du Médicament et des produits de
santé (ANSM) (national agency for drug safety), August 18, 2017.

Page 9 of 11

-by the Comité de Protection des Personnes (CPP North West IV)
(Committee for protection of persons involved in biomedical research),
September 12, 2017.
-by the Commission Nationale de l’Information et des Libertés (CNIL) (French
data protection authority), October 19, 2017.
Informed written consent will be obtained from all participants.
Consent for publication
Not applicable.
Competing interests
Dr. Sentilhes reports receiving lecture and consulting fees from Ferring, and
lecture fees from Bayer, GSK and SIGVARIS. Dr. Daniel reports receiving
lecture and consulting fees from LFB. No other potential conflict of interest
relevant to this article was reported.
Author details
Department of Obstetrics and Gynecology, Bordeaux University Hospital,
Place Amélie Raba Léon, 33076 Bordeaux, France. 2Production
Pharmaceutique pour la Recherche Institutionnelle du Grand Ouest (PPRIGO),
Brest, France. 3Department of pharmacy, Angers University Hospital, Angers,
France. 4INSERM U1153, Obstetrical, Perinatal and Pediatric Epidemiology
Research Team, Center for Epidemiology and Statistics, Sorbonne Paris Cité,
DHU Risks in Pregnancy, Paris Descartes University, Paris, France.
1

Received: 2 April 2019 Accepted: 30 December 2019

References
1. World Health Organization. WHO recommendations for the prevention and
treatment of postpartum haemorrhage. Geneva: WHO; 2012.
2. Sentilhes L, Merlot B, Madar H, Brun S, Sztark F, Deneux-Tharaux C.
Postpartum haemorrhage: prevention and treatment. Expert Rev Hematol.
2016;9:1043–61.
3. Sentilhes L, Goffinet F, Vayssière C, Deneux-Tharaux C. Comparison of
postpartum haemorrhage guidelines: discrepancies underline our ignorance.
BJOG. 2017;124:718–22.
4. Misme H, Dupont C, Cortet M, Rudigoz RC, Huissoud C. Distribution of
blood loss during vaginal delivery and cesarean section. J Gynecol Obstet
Biol Reprod. 2016;45:71–9.
5. Sheehan SR, Montgomery AA, Carey M, McAuliffe FM, Eogan M, Gleeson R,
et al. Oxytocin bolus versus oxytocin bolus and infusion for control of blood
loss at elective caesarean section: double blind, placebo controlled,
randomised trial. BMJ. 2011;343:d4661.
6. Carvalho JC, Balki M, Kingdom J, Windrim R. Oxytocin requirements at
elective cesarean delivery: a dose-finding study. Obstet Gynecol.
2004;104:1005–10.
7. Shook PR, Schultz JR, Reynolds JD, Spahn TE, DeBalli P. Estimating blood
loss for cesarean section: how accurate are we? Anesthesiology. 2003;98:1.
8. Brooks M, Legendre G, Brun S, Bouet PE, Pereira Mendes L, Merlot B, et al.
Comparison between the use of a collector bag and the use of a visual aid
in addition to a collector bag in the evaluation of postpartum blood loss by
obstetrics providers: a french prospective simulation study. Sci Rep.
2017;7:46333.
9. Legendre G, Richard M, Bouet PE, Chancerel M, Matuszewski S, Sentilhes L.
Professional accuracy in the evaluation of post partum blood loss using a
collector bag: a French prospective simulation study. J Matern Fetal
Neonatal Med. 2016;26:1–7.
10. Bose P, Regan F, Paterson-Brown S. Improving the accuracy of estimated
blood loss at obstetric haemorrhage using clinical reconstructions. BJOG.
2006;113:919–24.
11. Westhoff G, Cotter AM, Tolosa JE. Prophylactic oxytocin for the third stage
of labour to prevent postpartum haemorrhage. Cochrane Database Syst
Rev. 2013;10:CD001808.
12. Sentilhes L, Lasocki S, Ducloy-Bouthors AS, Deruelle P, Perrotin F, Goffinet F,
et al. Tranexamic acid for the prevention and treatment of post-partum
hemorrhage. Brit J Anaesth. 2015;114:576–87.
13. Ker K, Edwards P, Perel P, Shakur H, Roberts I. Effect of tranexamic acid on
surgical bleeding: systematic review and cumulative meta-analysis. BMJ.
2012;344:e3054.

Sentilhes et al. BMC Pregnancy and Childbirth

(2020) 20:63

14. Myles PS, Smith JA, Forbes A, Silbert B, Jayarajah M, Painter T, et al.
Tranexamic acid in patients undergoing coronary-artery surgery. N Engl J
Med. 2017;376:136–48.
15. CRASH-2 trial collaborators, Shakur H, Roberts I, Bautista R, Caballero J, Coats
T, et al. Effects of tranexamic acid on death, vascular occlusive events, and
blood transfusion in trauma patients with significant haemorrhage (CRASH2): a randomised, placebo controlled trial. Lancet. 2010;376:23–32.
16. Matteson KA, Rahn DD, Wheeler TL 2nd, Casiano E, Siddiqui NY, Harvie HS.
Et al; Society of Gynecologic Surgeons Systematic Review Group.
Nonsurgical management of heavy menstrual bleeding: a systematic review.
Obstet Gynecol. 2013;121:632–43.
17. WOMAN Trial Collaborators. Effect of early tranexamic acid administration
on mortality, hysterectomy, and other morbidities in women with postpartum haemorrhage (WOMAN): an international, randomised, double-blind,
placebo-controlled trial. Lancet. 2017;389(10084):2105–16.
18. Gayet-Ageron A, Prieto-Merino D, Ker K, Shakur H, Ageron FX, Roberts I, for
the Anti-fibrinolytic Trials Collaboration. Effect of treatment delay on the
effectiveness and safety of antifibrinolytics in acute severe haemorrhage: a
metaanalysis of individual patient-level data from 40 138 bleeding patients.
Lancet. 2018;391:125–32.
19. Yang H, Zheng S, Shi C. Clinical study on the efficacy of tranexamic acid in
reducing postpartum blood lose: a randomized, comparative, multicenter
trial. Zhonghua Fu Chan Ke Za Zhi. 2001;36:590–2.
20. Gungorduk K, Asıcıoğlu O, Yıldırım G, Ark C, Tekirdağ Aİ, Besımoglu B. Can
intravenous injection of tranexamic acid be used in routine practice with
active management of the third stage of labor in vaginal delivery? A
randomized controlled study. Am J Perinatol. 2013;30:407–13.
21. Mirghafourvand M, Mohammad-Alizadeh S, Abbasalizadeh F, Shirdel M. The
effect of prophylactic intravenous tranexamic acid on blood loss after
vaginal delivery in women at low risk of postpartum haemorrhage: a
double-blind randomised controlled trial. Aust N Z J Obstet Gynaecol.
2015;55:53–8.
22. Sentilhes L, Winer N, Azria E, Sénat MV, Le Ray C, Vardon D, for the Groupe
de Recherche en Obstétrique et Gynécologie (GROG), et al. Tranexamic acid
for the prevention of blood loss after vaginal delivery. N Engl J Med.
2018;379:731–42.
23. Gai M, Wu L, Su Q, Tatsumoto K. Clinical observation of blood loss reduced
by tranexamic acid during and after caesarian section: a multi-center,
randomized trial. Eur J Obstet Gynecol Reprod Biol. 2004;112:154–7.
24. Gohel M, Patel P, Gupta A, Desai P. Efficacy of tranexamic acid in decreasing
blood loss during and after cesarean section: arandomised case controlled
prospective study. J Obstet Gynecol India. 2007;57:227–30.
25. Sekhavat L, Tabatabaii A, Dalili M, Farajkhoda T, Tafti AD. Efficacy of
tranexamic acid in reducing blood loss after cesarean section. J MaternFetal Neonatal Med. 2009;22:72–5.
26. Gungorduk K, Yıldırım G, Asıcıoğlu O, Gungorduk OC, Sudolmus S, Ark C.
Efficacy of intravenous tranexamic acid in reducing blood loss after elective
cesarean section: a prospective, randomized, double-blind, placebocontrolled study. Am J Perinatol. 2011;28:233–40.
27. Movafegh A, Eslamian L, Dorabadi A. Effect of intravenous tranexamic acid
administration on blood loss during and after cesarean delivery. Int J
Gynaecol Obstet. 2011;115:224–6.
28. Xu J, Gao W, Ju Y. Tranexamic acid for the prevention of postpartum
hemorrhage after cesarean section: a double-blind randomization trial. Arch
Gynecol Obstet. 2013;287:463–8.
29. Sentürk MB, Cakmak Y, Yildiz G, Yildiz P. Tranexamic acid for cesarean
section: a double-blind, placebo-controlled, randomized clinical trial. Arch
Gynecol Obstet. 2013;287:641–5.
30. Shahid A, Khan A. Tranexamic acid in decreasing blood loss during and
after caesarean section. J Coll Physicians Surg--Pak JCPSP. 2013;23:459–62.
31. Abdel-Aleem A, Alhusaini TK, Abdel-Aleem MA, Menoufy M, Gulmezoglu
AM. Effectiveness of tranexamic acid on blodd loss in patients undergoing
elective cesarean section: randomized clinical trial. J Matern Fetal Neonatal
Med. 2013. https://doi.org/10.3109/14767058.2013.794210.
32. Gobbur V, Shiragur S, Jhanwar U, Tehalia M. Efficacy of tranexamic acid in
reducing blood loss during lower segment caesarean section. Int J Reprod
Contracept Obstet Gynecol. 2014;3:414–7.
33. Halder S, Samanta B, Sardar R, Chattopadhyay S. Tranexamic acid used
before caesarean section reduces blood loss based on pre- and
postoperative haemaoglobin level: a case-control study. J India Med Assoc.
2013;111:184–6.

Page 10 of 11

34. Ahmed MR, Sayed Ahmed WA, Madny EH, Arafa AM, Said MM. Efficacy of
tranexamic acid in decreasing blood loss in elective caesarean delivery. J
Matern Fetal Neonatal Med. 2015;28:1014–8.
35. Goswami U, Sarangi S, Gupta S, Babbar S. Comparative evaluation of two
doses of tranexamic acid used prophylactically in anemic parturients for
lower segment cesarean section: a double-blind randomized case control
prospective trial. Saudi J Anaesth. 2013;7:427–31.
36. Yehia AH, Koleib MH, Abdelazim IA, Atik A. Tranexamic acid reduces blood
loss during and after cesarean section: a double blinded,randomized,
controlled trial. Asian Pac J Reprod. 2014;3:53–6.
37. Maged AM, Helal OM, Elsherbini MM, Eid MM, Elkomy RO, Dahab S, et al. A
randomized placebo controlled trial of preoperative tranexamic acid among
women undergoing elective cesarean delivery. Int J Gynaecol Obstet.
2015;131:265–8.
38. Sujata N, Tobin R, Kaur R, Aneja A, Khanna M, Hanjoora VM. Randomized
controlled trial of tranexamic acid among parturients at increased risk for
postpartum hemorrhage undergoing cesarean delivery. Int J Gynaecol
Obstet. 2016;133:312–5.
39. Sentilhes L, Daniel V, Darsonval A, Deruelle P, Vardon D, Perrotin F, et al.
Study protocol. TRAAP – TRAnexamic Acid for Preventing postpartum
hemorrhage after vaginal delivery : a multicenter randomized, double-blind,
placebo-controlled trial. BMC Pregnancy Childbirth. 2015;15:135.
40. Ker K, Shakur H, Roberts I. Does tranexamic acid prevent postpartum
haemorrhage? A systematic review of randomised controlled trials. BJOG.
2016;123(11):1745–52.
41. Sentilhes L, Merlot B, Brun S, Madar H, Deneux-Tharaux C. Does tranexamic
acid prevent postpartum haemorrhage? A systematic review of randomised
controlled trials: A publication very welcome. BJOG. 2017;124:982.
42. Sentilhes L, Brun S, Madar H, Deneux-Tharaux C. Tranexamic acid for
preventing postpartum blood loss at cesarean delivery: is evidence
sufficient? Acta Obstet Gynecol Scand. 2016;95:836.
43. Sentilhes L, Brun S, Madar H, Deneux-Tharaux C. Tranexamic acid for
prevention PPH: a promising drug but today only a promising drug.
Transfus Med Rev. 2016;30:100.
44. Sentilhes L, Deneux-Tharaux C. Prophylactic tranexamic acid in addition to
uterotonics may prevent blood loss in vaginal and caesarean deliveries.
Evidence-based Medicine. 2016;21:97.
45. Alam A, Choi S. Prophylactic use of Tranexamic acid for postpartum
bleeding outcomes: a systematic review and meta-analysis of randomized
controlled trials. Transfus Med Rev. 2015;29:231–41.
46. Skjeldestad FE, Oian P. Blood loss after cesarean delivery: a registry-based
study in Norway, 1999—2008. Am J Obstet Gynecol. 2012;206:76.e1–7.
47. Sentilhes L, Vayssière C, Deneux-Tharaux C, Guy Aya A, Bayoumeu F, Bonnet
MP, et al. Postpartum hemorrhage: guidelines for clinical practice from the
French College of Gynaecologists and Obstetricians (CNGOF). Eur J Obstet
Gynecol Reprod Biol. 2016;198:12–21.
48. Hofmeyr JG, Novikova N, Mathai M, Shah A. Techniques for cesarean
section. Am J Obstet Gynecol. 2009;201:431–44.
49. Hofmeyr GJ, Mathai M, Shah A, Novikova N. Techniques for caesarean
section. Cochrane Database Syst Rev. 2008;(1):CD004662.
50. Anorlu RI, Maholwana B, Hofmeyr GJ. Methods of delivering the placenta at
caesarean section. Cochrane Database Syst Rev. 2008;(3):CD004737.
51. Deneux-Tharaux C, Sentilhes L, Maillard F, Closset E, Vardon D, Lepercq J,
et al. Effect of routine controlled cord traction as part of the active
management of the third stage of labour on postpartum haemorrhage:
multicentre randomised controlled trial (TRACOR). BMJ. 2013;346:f1541.
52. Mavrides E, Allard S, Chandraharan E, Collins P, Green L, Hunt BJ, on
behalf of the Royal College of Obstetricians and Gynaecologists, et al.
Prevention and management of postpartum haemorrhage. BJOG.
2016;124:e106–49.
53. Royal College of Obstetricians and Gynaecologists. Prevention and
management of postpartum haemorrhage. Guidelines no. 52. London:
RCOG; 2009. Revised April 2011
54. Boulvain M, Senat MV, Perrotin F, Winer N, Beucher G, Subtil D. Et al; Groupe
de Recherche en Obstétrique et Gynécologie (GROG). Induction of labour
versus expectant management for large-for-date fetuses: a randomised
controlled trial. Lancet. 2015;385(9987):2600–5.
55. Malan V, Bussières L, Winer N, Jais JP, Baptiste A, Le Lorc'h M, SAFE 21 Study
Group, et al. Effect of Cell-Free DNA Screening vs Direct Invasive Diagnosis
on Miscarriage Rates in Women With Pregnancies at High Risk of Trisomy
21: A Randomized Clinical Trial. JAMA. 2018;320:557–65.

Sentilhes et al. BMC Pregnancy and Childbirth

(2020) 20:63

56. Sénat MV, Affres H, Letourneau A, Coustols-Valat M, Cazaubiel M, Legardeur
H, Groupe de Recherche en Obstétrique et Gynécologie (GROG), et al. Effect
of glyburide vs subcutaneous insulin on perinatal complications among
women with gestational diabetes: a randomized clinical Trial. JAMA.
2018;319:1773–80.
57. Blondel B, Coulm B, Bonnet C, Goffinet F, Le Ray C, National Coordination
Group of the National Perinatal Surveys. Trends in perinatal health in
metropolitan France from 1995 to 2016: results from the French National
Perinatal Surveys. J Gynecol Obstet Hum Reprod. 2017;46:701–13.
58. Deneux-Tharaux C, Dupont C, Colin C, Rabilloud M, Touzet S, Lansac J, et al.
Multifaceted intervention to decrease the rate of severe postpartum
haemorrhage: the PITHAGORE6 cluster-randomised controlled trial. BJOG Int
J Obstet Gynaecol. 2010;117:1278–87.
59. Joseph KS, Rouleau J, Kramer MS, Young DC, Liston RM, Baskett TF, Maternal
Health Study Group of the Canadian Perinatal Surveillance System.
Investigation of an increase in postpartum haemorrhage in Canada. BJOG
Int J Obstet Gynaecol. 2007;114:751–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 11 of 11

