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Condensation 87 

Among women with a multiple pregnancy and cesarean delivery, prophylactic tranexamic acid did 88 

not reduce the incidence of any blood loss-related outcomes. 89 

 90 

Short title: Tranexamic acid for the prevention of blood loss after cesarean among women with 91 

twins  92 

 93 

AJOG at a Glance: 94 

A. Why was this study conducted?  95 

The magnitude effect of prophylactic tranexamic acid at cesarean delivery is unknown in women at 96 

high risk of blood loss, including those with multiple pregnancies.  97 

B. What are the key findings?  98 

In this subgroup analysis of a multicenter, double-blind, randomized controlled trial (TRAAP2 trial) 99 

that included 319 women with multiple pregnancy, the rates of blood loss-related outcomes did not 100 

differ in the tranexamic acid group and the placebo group.  101 

C. What does this study add to what is already known? 102 

These findings do not support superiority of tranexamic acid over placebo for the reduction of any 103 

blood loss-related outcomes among women with a multiple pregnancy and cesarean delivery.  104 

 105 

  106 
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Abstract  107 

Background: Although prophylactic tranexamic acid administration at cesarean delivery resulted in 108 

a lower incidence of calculated estimated blood loss > 1000 mL or red-cell transfusion by day 2, its 109 

failure to reduce the incidence of hemorrhage-related secondary clinical outcomes (TRAAP2 trial) 110 

makes its use questionable. The magnitude of its effect may differ in women at higher risk of blood 111 

loss, including those with multiple pregnancies.  112 

Objective: To compare the effect of tranexamic acid vs placebo to prevent blood loss at cesarean 113 

delivery among women with multiple pregnancies. 114 

Study design: Secondary analysis of the TRAAP2 trial data including 319 women with multiple 115 

pregnancies in this double-blind, randomized controlled trial from March 2018 through January 116 

2020 in 27 French maternity hospitals. Women with a cesarean before or during labor at 34 or more 117 

gestational weeks were randomized to receive intravenously 1 g of tranexamic acid (n=160) or 118 

placebo (n=159), both with prophylactic uterotonics. The primary outcome was a calculated 119 

estimated blood loss > 1000 mL or a red blood cell transfusion by 2 days after delivery. Secondary 120 

outcomes included clinical and laboratory blood loss measurements.   121 

Results: Of the 4551 women randomized in this trial, 319 had a multiple pregnancy and cesarean 122 

delivery, 298 (93.4%) with primary outcome data available. This outcome occurred in 62 of 147 123 

women (42.2%) in the tranexamic acid group and 67 of 152 (44.1%) receiving placebo (adjusted 124 

risk ratio, 0.97; 95% CI 0.68-1.38; P=.86). No significant between-group differences occurred for 125 

any hemorrhage-related clinical outcomes: gravimetrically estimated blood loss, provider-assessed 126 

clinically significant hemorrhage, additional uterotonics, postpartum blood transfusion, arterial 127 

embolization, and emergency surgery (P>.05 for all comparisons). 128 

Conclusion: Among women with a multiple pregnancy and cesarean delivery, prophylactic 129 

tranexamic acid did not reduce the incidence of any blood loss-related outcomes.    130 
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Introduction 134 

Tranexamic acid is an antifibrinolytic acting mainly by inhibiting the fibrinolytic pathway and 135 

protecting blood clots from being degraded, thereby promoting hemostasis.1 In different contexts 136 

outside obstetrics, its use has been found to be associated with reductions in the incidence of 137 

transfusion for elective surgery2,3 and of mortality among patients with traumatic extracranial4 138 

and mild to moderate intracranial bleeding.5 In obstetrics, its reduction of deaths due to bleeding in 139 

women with postpartum hemorrhage, in particular when given soon after delivery,6 suggests that it 140 

may act as a preventive rather than a therapeutic medication on blood loss after childbirth.1,6-10 141 

Prophylactic tranexamic acid has not been found to reduce blood loss of at least 500 mL after 142 

vaginal delivery (TRAAP trial).11 It did, however, reduce the incidence of a calculated estimated 143 

blood loss greater than 1000 mL or red-cell transfusion by day 2 when administered in women with 144 

cesarean delivery with a mean between-group difference in calculated blood loss (derived from the 145 

preoperative-to-postoperative hematocrit change) of about 100 mL (TRAAP2 trial).12 Nevertheless, 146 

the clinical relevance of this narrow difference is questionable, especially since there were no 147 

significant between-group differences in the secondary clinical outcomes (mean gravimetrically 148 

estimated blood loss, provider-assessed clinically significant hemorrhage, additional uterotonics, 149 

and postpartum blood transfusion). The relevance of the prophylactic use of tranexamic acid at 150 

cesarean delivery is thus controversial.1,10,13-18  151 

It remains possible that the effects of tranexamic acid differ between women at high and low risk: 152 

its preventive impact might be greater in subgroups of women at higher risk of postpartum 153 

hemorrhage. Women with multiple pregnancies are a particularly interesting group in this 154 

hypothesis since their risk of severe postpartum hemorrhage is four to five times higher than that of 155 

women with singleton pregnancies,19 they give birth more often by cesarean, and no specific 156 

prophylaxis is recommended for them.20 Exploring the impact of tranexamic acid in women with 157 
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multiple pregnancies may also contribute to the debate on the value of prophylactic use of 158 

tranexamic acid at cesarean delivery. 159 

We therefore investigated whether the administration of tranexamic acid, in addition to a 160 

prophylactic uterotonic agent, decreased the incidence of postpartum hemorrhage after cesarean, 161 

compared with the uterotonic agent alone, among women with multiple pregnancies.  162 

 163 

Methods 164 

Study Design  165 

This study is a non-prespecified secondary subgroup analysis of the women with multiple 166 

pregnancy included in the Tranexamic Acid for Preventing Postpartum Hemorrhage Following a 167 

Cesarean Delivery (TRAAP2) trial, a multicenter, randomized, placebo-controlled, double-blind 168 

trial with two parallel groups.12,21 Women expected to deliver by cesarean were randomly assigned 169 

to receive tranexamic acid or placebo immediately after delivery, with a uterotonic agent. Details of 170 

the trial’s rationale and design have previously been published. 12,21 The TRAAP2 trial’s protocol 171 

was approved by the Northwest VI Committee for the Protection of Research Subjects and the 172 

French Health Products Safety Agency. The funder (French Ministry of Health) had no role in the 173 

design of the study, the collection, analysis, or interpretation of the data, or the writing of the report. 174 

Drs. Sentilhes, Madar, and Deneux-Tharaux take responsibility for the accuracy and completeness 175 

of the data, analysis, and fidelity to the study protocol and statistical analysis plan. No company or 176 

manufacturer was involved in the trial.  177 

Study population  178 

For the TRAAP2 trial, eligible participants were women aged 18 years and older with a singleton or 179 

multiple pregnancy at 34 gestational weeks or more, expected to deliver by cesarean either before or 180 

during labor. They were recruited at 27 French maternity hospitals. Women with known or potential 181 

increased risks of venous or arterial thrombosis or of bleeding, a history of epilepsy or seizure, a 182 
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hemoglobin level ≤ 90 g/L the week before delivery or poor comprehension of oral French were not 183 

eligible (Table A details the TRAAP2 trial's exclusion criteria).12,21 Clinicians provided individual 184 

information about the trial to women in late pregnancy. Women confirmed participation and 185 

provided written informed consent when the investigator considered that cesarean was likely. 186 

The study reported here includes only the women with a multiple pregnancy randomized in the 187 

TRAAP2 trial. Women with singleton pregnancies and randomized in the TRAAP2 trial were 188 

excluded.  189 

 190 

Randomization and procedures 191 

Randomization and procedures of the TRAAP2 trial have been previously described in detail.12,21 192 

Briefly, eligible consenting women were randomly assigned in a 1/1 ratio to receive either 1 g of 193 

tranexamic acid (purchased at full cost from Sanofi Aventis, Paris, France) or placebo (normal 194 

saline, Fresenius Kabi, Sèvres, France). Computerized randomization (in blocks of four) took place 195 

centrally through a secure internet facility (Ennov Clinical Software), stratified by trial site and 196 

cesarean timing (before or during labor). The blinded products were prepared in numbered and 197 

labeled boxes, each containing a 10-mL vial of the study drug (1 g of tranexamic acid or placebo, 198 

depending on randomization number). All boxes and vials were identically labeled, with drug packs 199 

differentiated only by treatment number. Neither participants nor investigators were aware of group 200 

assignments during the trial. 201 

Clinicians were instructed to administer the intravenous trial regimen slowly (over 30–60 s) during 202 

the 3 minutes after birth, after the prophylactic uterotonic (5 or 10 IU oxytocin or 100 micrograms 203 

carbetocin, possibly followed by an oxytocin infusion for 2 hours, according to each center’s 204 

policy) and cord clamping. All these aspects of third-stage management were standardized at each 205 

center and adhered to the national guidelines.22 After the cesarean, women were transferred from 206 

the operating room to the postanesthesia care unit (PACU) for at least 2 hours and until clinicians 207 
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considered that bleeding had stopped. Gravimetrically estimated blood loss was assessed by 208 

measuring the suction volume and swab weight from, among other items, disposable waterproof 209 

drapes with pockets that captured blood and amniotic fluid (details in Table B). Women had a 210 

venous blood sample taken on day 2 after delivery for outcome assessment. Adverse events were 211 

assessed until hospital discharge and by a telephone interview at 3 months postpartum, given the 212 

increased thromboembolic risk during this period, compared with women not pregnant within at 213 

least the past year.23 214 

 215 

Study outcomes 216 

For the present study, primary and secondary outcomes in this study are identical to those 217 

prespecified and defined in the TRAAP2 trial.12,21 Thus, the primary outcome was the incidence of 218 

postpartum hemorrhage, defined by a calculated estimated blood loss > 1000 mL or a red blood cell 219 

(RBC) transfusion by day 2 postpartum.24 Calculated estimated blood loss = estimated blood 220 

volume × (preoperative hematocrit – postoperative hematocrit/preoperative hematocrit (where 221 

estimated blood volume (mL) = weight (kg) × 85).24,25 This quantitative objective estimate of blood 222 

loss was chosen because blood loss estimation for cesareans by other subjective methods is 223 

limited.22 Preoperative hematocrit was that most recently measured within 8 days before delivery 224 

and postpartum hematocrit that measured closest to day 2 after delivery (without transfusion).   225 

Secondary outcomes included clinical and laboratory (blood samples on day 2) measurements of 226 

postpartum blood loss,12,21 adverse events potentially related to tranexamic acid including 227 

thromboembolic events up to 3 months after delivery, and maternal satisfaction on day 2. These 228 

secondary outcomes are listed in Table B.21  229 

The physician responsible for the delivery prospectively recorded the procedures used during the 230 

third stage of labor and clinical outcomes identified in the immediate postpartum period. Research 231 

assistants, independent of the local medical team, collected all other data from medical charts.  232 
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Statistical analysis 233 

The main analysis of the primary and secondary outcomes was performed in the modified 234 

intention-to-treat population, which included all women who underwent randomization and had a 235 

cesarean delivery, with the exception of those who withdrew consent or were determined to be 236 

ineligible after randomization. The safety population included all women who received tranexamic 237 

acid or placebo. Primary and secondary analyses were conducted with available data.  238 

Participants' baseline characteristics, management of their third stage of labor, and protocol 239 

adherence were described; qualitative variables were expressed as proportions and quantitative 240 

variables as either means with standard deviations or medians with interquartile ranges, as 241 

appropriate. Effects of tranexamic acid were expressed as risk ratios (RRs) with 95% CIs for 242 

categorical outcomes, estimated with Poisson mixed effect models, and as mean differences with 243 

95% CIs for quantitative outcomes, estimated with linear mixed effect models, all models adjusted 244 

for center and cesarean timing (before or during labor).21  245 

Three subgroup analyses examined the primary outcome in subgroups of women according to the 246 

timing of the cesarean delivery (before or during labor), the type of prophylactic uterotonic 247 

administered (oxytocin or carbetocin), and the women’s postpartum hemorrhage risk status, 248 

according to a composite definition (at risk or not at risk) defined as having at least one risk factor 249 

with an odds ratio of 3 or greater in the literature - in addition to the fact that all participants were at 250 

high risk due to multiple pregnancy-: previous postpartum hemorrhage, pregnancy-related 251 

hypertensive disorder, or cesarean delivery during labor.27 252 

STATA software v14.1 (StataCorp, College Station, TX) was used for all statistical analyses.  253 

 254 

 255 

 256 

 257 

 258 
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Results 259 

Population  260 

From March 2018 through January 2020, the 27 centers recruited 4551 eligible participants, who 261 

were randomly assigned to receive tranexamic acid (2276 women) or placebo (2275); 112 were 262 

excluded because they withdrew consent or were ineligible after randomization. Of the remaining 263 

4439 women (intention-to-treat population), 8 had vaginal deliveries, which produced a modified 264 

intention-to-treat population of 4431 (2222 in the tranexamic acid group and 2209 in the placebo 265 

group) for the TRAAP2 trial. Among them, 319 had multiple pregnancies (160 twins in the 266 

tranexamic acid group and 159 twins in the placebo group) and comprised our study population 267 

(Figure 1). 268 

Women's baseline characteristics, protocol adherence, and other aspects of third-stage labor 269 

management were similar in both groups (Table 1). 270 

Primary outcome 271 

Data on the primary outcome were missing for 13 women in the tranexamic acid group and 7 in the 272 

placebo group because of unavailable preoperative or postoperative hematocrit. Postpartum 273 

hemorrhage, defined as calculated estimated blood loss > 1000 mL or RBC transfusion by day 2, 274 

occurred in 62 of 147 women (42.2%) in the tranexamic acid group and in 67 of 152 (44.1%) in the 275 

placebo group (adjusted RR, 0.97; 95% CI, 0.68-1.38; P=.86) (Table 2). 276 

The results of the subgroup analyses are shown in Figure 2. No evidence was observed of 277 

differential effects of tranexamic acid by the timing of cesarean delivery (before or during labor), 278 

the type of prophylactic uterotonic administered (oxytocin versus carbetocin), or the presence or 279 

absence of additional known risk factors for postpartum hemorrhage.  280 

 281 

 282 
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Secondary outcomes 283 

No significant between-group differences were shown in the rates of any hemorrhage-related 284 

clinical outcomes: mean gravimetrically estimated blood loss, provider-assessed clinically 285 

significant hemorrhage, use of additional uterotonics for excessive bleeding, postpartum blood 286 

transfusion, arterial embolization, and emergency surgery (P>.05 for all comparisons). Similarly, 287 

there were no significant between-group differences in the rates for blood loss-related laboratory 288 

outcomes: mean calculated estimated blood loss and mean peripartum change in hemoglobin and 289 

hematocrit (P>.05 for all comparisons) (Table 2).  290 

 291 

Adverse events   292 

Neither the incidence rates of vomiting or nausea, dizziness, or kidney function tests on day 2 nor 293 

aminotransferase levels on that day differed significantly between the groups (Table 3). 294 

Adverse-event data at 3 months after delivery were available for 98.1% of the women. During this 295 

period, a thromboembolic event occurred in 0.7% (1/154) of women in the tranexamic acid vs 0% 296 

(0/156) in the placebo group (Table 3).  297 

Comparison of primary and secondary outcomes between women with multiple and those 298 

with singleton pregnancies in the TRAAP2 trial source population.    299 

The incidence of the primary outcome and the incidences or means of all blood loss-related clinical 300 

and laboratory secondary outcomes were higher among the 319 women with multiple pregnancies 301 

who comprised this study’s population than among the 4112 women of the modified intention-to-302 

treat population of the TRAAP2 trial with singleton pregnancies (P<.05 for all comparisons) (Table 303 

C). 304 

 305 

 306 
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Comment 307 

Principal findings 308 

Among women with a multiple pregnancy and a cesarean delivery who received prophylactic 309 

uterotonics, the use of tranexamic acid did not significantly reduce the incidence of either the 310 

primary outcome ─ calculated estimated blood loss > 1000 mL or red-cell transfusion by day 2 ─ 311 

compared with placebo, or of the clinical or laboratory secondary outcomes related to blood loss.  312 

Results in the Context of What is Known 313 

Comparison with the existing literature is challenging because none of the few trials assessing the 314 

prophylactic effect of tranexamic acid on blood loss after childbirth that included multiple 315 

pregnancies reported results among that specific subgroup.1,8-10   316 

While we hypothesized that the prophylactic effect of tranexamic acid, statistically significant but 317 

narrow, found for the primary outcome and laboratory secondary outcomes related to blood loss 318 

among a general population of women undergoing cesarean delivery (TRAAP2 trial results), might 319 

have a greater magnitude in women with multiple pregnancies, who are at increased risk of blood 320 

loss, this subgroup analysis provides some evidence against this hypothesis, in particular because no 321 

tendency to reduced blood loss-related outcomes was found in favor of tranexamic acid.  322 

Clinical Implications 323 

These results provide additional key findings in the ongoing debate on the relevance of prophylactic 324 

tranexamic acid to reduce blood loss among women undergoing cesarean delivery, in general. In 325 

particular, they call into question the most recent guidelines from the Royal College of 326 

Obstetricians and Gynaecologists, which recommend that obstetricians "consider the use of 327 

intravenous tranexamic acid (0.5–1.0 g), in addition to oxytocin, at caesarean section to reduce 328 

blood loss in women at increased risk of postpartum hemorrhage"28 and, to a lesser extent, those 329 
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from the United Kingdom's National Institute of Health and Care Excellence (NICE), 330 

recommending the use of prophylactic tranexamic acid for any surgical procedure expected to have 331 

a blood loss>500 mL.29  332 

The relevance of the routine implementation of prophylactic administration of tranexamic acid for 333 

all cesareans is currently debated. Arguments in favor of routine use are (1) the finding of a 334 

prophylactic effect of tranexamic acid on peripartum hematocrit decrease in the TRAAP2 trial12,16; 335 

(2) any volume of blood loss even low must be prevented16 because anemia and postpartum 336 

hemorrhage have a potential detrimental effect on woman’s postpartum mental health30-32; (3) 337 

strong evidence coming from different bleeding contexts including postpartum hemorrhage2-6 338 

demonstrates the effectiveness of tranexamic acid for reducing blood loss or mortality16; and (4) 339 

meta-analyses of summary data from trials,33-37 including the last one containing the TRAAP2 340 

trial,14 have found prophylactic tranexamic acid reduces moderate and severe postpartum 341 

hemorrhage and blood transfusion. On the other hand, some argue that (1) the numerous small 342 

single-center trials, which have all found a reduction of blood loss-related outcomes with 343 

prophylactic tranexamic acid, have significant methodological flaws1,9,10,38,39 and the results of 344 

meta-analyses that aggregate their data15 are prone to biases40; (2) the clinical relevance of the 100-345 

mL reduction of calculated blood loss, in light of the lack of difference for either blood loss-related 346 

secondary clinical outcomes or postnatal depression scores found in the TRAAP2 trial, is 347 

questionable1,12,17; and (3) the gastrointestinal effects of the tranexamic acid are uncomfortable for 348 

women in the supine position after cesarean delivery.17 In addition, other aspects of the use of 349 

tranexamic acid need to be studied in greater depth in order to complete the elements necessary for 350 

defining a policy. Thus, although tranexamic acid is not expensive, it does have a cost, and a 351 

medico-economic analysis would make it possible to support or not its systematic use. Moreover, 352 

concern that widespread prophylactic use at cesarean may lead to tranexamic acid being kept at 353 

hand on the anesthetic trolley and increase the risk of inadvertent spinal injection, has emerged with 354 
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cases of spinal tranexamic acid, sometimes lethal, being reported.41 Our finding of an absence of 355 

impact of tranexamic acid in women with multiple pregnancy is an indirect additional argument for 356 

the need to gather further data before considering the routine use of prophylactic tranexamic acid to 357 

prevent blood loss for all cesarean deliveries. 358 

 359 

Research Implications 360 

Further randomized controlled trials studies are required to determine whether prophylactic 361 

tranexamic acid plus a prophylactic uterotonic agent would be associated with a lower incidence of 362 

postpartum hemorrhage after cesarean delivery than the uterotonic agent alone in high risk 363 

populations, such as women with placenta previa or those with preeclampsia, and to determine 364 

whether prophylactic tranexamic acid administration for the prevention of blood loss is cost-365 

effective.  366 

Strengths and Limitations 367 

Our study presents several strengths. It is the first intention-to-treat analysis on multiple pregnancy 368 

assessing the effect of prophylactic tranexamic acid on the prevention of blood loss after cesarean 369 

delivery, before or during labor. Data came from a large, robust, multicenter, randomized, placebo-370 

controlled, double-blind trial.12 Blood loss for the primary outcome was assessed with an objective 371 

validated calculation based on the change from preoperative to postoperative hematocrit; the latter 372 

was measured at most 8 days before delivery to standardize measurement timing and avoid 373 

heterogeneity due to possible third-trimester changes. Notably, the volume of blood loss was similar 374 

to calculated and gravimetric estimation methods in both groups, and the incidences of all blood 375 

loss-related laboratory and clinical outcomes were significantly higher among women with multiple 376 

compared with singleton pregnancy, confirming that this study population was at high risk of 377 
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postpartum hemorrhage. Finally, women with hemoglobin levels below 90 g/L were excluded to 378 

limit the risk of postpartum transfusion without significant blood loss. 379 

This analysis has some limitations. It is a subgroup analysis from a randomized controlled trial with 380 

a randomization that was not stratified on multiple pregnancies. Nonetheless, the proportion of 381 

women with multiple pregnancies and their characteristics were very similar in the two groups. No 382 

prespecified sample size calculation to detect a relevant between-group difference in the incidence 383 

of the primary outcome among women with multiple pregnancy was performed, and the study was 384 

underpowered to detect potentially meaningful differences in the risk of severe maternal 385 

complications. Nonetheless, our sample size was sufficient to show a decrease in the primary 386 

outcome related to tranexamic acid corresponding to a RR of 0.66 with a power of 80%, 5% alpha 387 

risk, and assessed according to the observed incidence of the primary outcome in the placebo group. 388 

In addition, the RR point estimates we found for the primary and main secondary outcomes are all 389 

very close to 1, which does not suggest an existing impact that does not reach statistical significance 390 

because of limited power.  391 

Conclusion 392 

Among women with multiple pregnancy undergoing cesarean delivery and receiving prophylactic 393 

uterotonics, tranexamic acid administration did not result in significantly lower rates than placebo 394 

of calculated estimated postpartum blood loss > 1000 mL or of transfusion by day 2, or of blood 395 

loss-related secondary clinical or laboratory outcomes. 396 

  397 



19 

 

Acknowledgements 398 

The authors thank the women who participated in the trial and the staff from the participating 399 

maternity units: Angers University Hospital, Bicêtre University Hospital, Besançon University 400 

Hospital, Bordeaux University Hospital, Caen University Hospital, Centre Hospitalier Inter-401 

Communal de Créteil University Hospital, Clermont-Ferrand University Hospital, Marseille Saint 402 

Joseph Hospital, Marseille University Hospital, Montpellier University Hospital, Nancy University 403 

Hospital Nantes University Hospital, Nîmes University Hospital, Necker-Enfants Malades Hospital, 404 

Paris Saint Joseph Hospital, Poissy/Saint-Germain Hospital, Port-Royal Maternity University 405 

Hospital, Pau Hospital, Rennes University Hospital, Robert Debré University Hospital, Rouen 406 

University Hospital, Saint-Etienne University Hospital, Schiltigheim University Hospital, 407 

Strasbourg University Hospital, Tours University Hospital, Toulouse University Hospital, 408 

Trousseau University Hospital,. 409 

The authors want to thank the members of the independent safety monitoring committee: Pr Cyril 410 

Huissoud (chair), Pr Sophie Alexander, Pr Hawa Keita-Meyer, and Dr Sophie Gautier. The 411 

independent safety monitoring committee met yearly to examine baseline data and adverse events. 412 

The authors thank the clinical research assistants particularly Aurélie Darmaillacq, Aline Bibes, 413 

Melissa Charvet, Fatima-Zahra Makhoukhi, Laure Estève, and Elodie Labbé as well as the members 414 

of the Department of Clinical Research and Innovation of the Bordeaux University Hospital who 415 

worked on this trial (Jérôme Gallet, Bellabes Ghezzoul, Sébastien Marchi, Anne Gimbert, and 416 

Jonathan Belcastro). 417 

The authors thank Jo Ann Cahn for her help in editing this manuscript. 418 

  419 



20 

 

References 420 

1. Shander A, Javidroozi M, Sentilhes L. Tranexamic acid and obstetric hemorrhage: give 421 

empirically or selectively? Int J Obstet Anesth. 2021 Nov;48:103206. doi: 422 

10.1016/j.ijoa.2021.103206.  423 

2. Ker K, Edwards P, Perel P, Shakur H, Roberts I. Effect of tranexamic acid on surgical 424 

bleeding: systematic review and cumulative meta-analysis. BMJ. 2012;344:e3054. doi: 425 

10.1136/bmj.e3054.  426 

3. Myles PS, Smith JA, Forbes A, et al. Tranexamic acid in patients undergoing coronary-artery 427 

surgery. N Engl J Med. 2017;376(2):136-48. doi: 10.1056/NEJMoa1606424. 428 

4. CRASH-2 trial collaborators, Shakur H, Roberts I, Bautista R, Caballero J, Coats T, et al. 429 

Effects of tranexamic acid on death, vascular occlusive events, and blood transfusion in 430 

trauma patients with significant haemorrhage (CRASH-2): a randomised, placebo controlled 431 

trial. Lancet. 2010;376 (9734):23-32. doi: 10.1016/S0140-6736(10)60835-5. 432 

5. CRASH-3 trial collaborators. Effects of tranexamic acid on death, disability, vascular 433 

occlusive events and other morbidities in patients with acute traumatic brain injury (CRASH-434 

3): a randomised, placebo-controlled trial. Lancet. 2019;9;394 (10210):1713-1723. doi: 435 

10.1016/S0140-6736(19)32233-0. 436 

6. WOMAN Trial Collaborators. Effect of early tranexamic acid administration on mortality, 437 

hysterectomy, and other morbidities in women with post-partum haemorrhage (WOMAN): an 438 

international, randomised, double-blind, placebo-controlled trial. Lancet. 439 

2017;389(10084):2105-16. doi: 10.1016/S0140-6736(17)30638-4. 440 

7. Gayet-Ageron A, Prieto-Merino D, Ker K, et al. Effect of treatment delay on the effectiveness 441 

and safety of antifibrinolytics in acute severe haemorrhage: a metaanalysis of individual 442 

patient-level data from 40 138 bleeding patients. Lancet. 2018;391(10116):125-32. doi: 443 

10.1016/S0140-6736(17)32455-8. 444 



21 

 

8. Sentilhes L, Merlot B, Madar H, Brun S, Sztark F, Deneux-Tharaux C. Postpartum 445 

haemorrhage: prevention and treatment. Expert Rev Hematol. 2016;9(11):1043-1061. doi: 446 

10.1080/17474086.2016.1245135. 447 

9. Sentilhes L, Lasocki S, Ducloy-Bouthors AS, Deruelle P, Perrotin F, Goffinet F, et al. 448 

Tranexamic acid for the prevention and treatment of post-partum hemorrhage. Brit J Anaesth. 449 

2015;114(4):576-587. doi: 10.1093/bja/aeu448. 450 

10. Sentilhes L, Madar H, Mattuizzi A, Froeliger A, Merlot B, Elleboode B, et al. Tranexamic 451 

acid for childbirth: why, when, and for who? Expert Review Hematol. 2019;(9)12:753-761. 452 

doi: 10.1080/17474086.2019.1642744. 453 

11. Sentilhes L, Winer N, Azria E, et al. Tranexamic acid for the prevention of blood loss after 454 

vaginal delivery. N Engl J Med. 2018;379(8):731-42. doi: 10.1056/NEJMoa1800942. 455 

12. Sentilhes L, Sénat MV, Le Lous M, et al. Tranexamic Acid for the Prevention of Blood Loss 456 

after Cesarean Delivery. N Engl J Med. 2021 Apr 29;384(17):1623-1634. doi: 457 

10.1056/NEJMoa2028788. 458 

13. Slomski A. Tranexamic Acid Reduces Blood Loss After Cesarean, but Not by Much. JAMA. 459 

2021 Jun 22;325(24):2427. doi: 10.1001/jama.2021.9694. 460 

14. Bellos I, Pergialiotis V. Tranexamic acid for the prevention of postpartum hemorrhage in 461 

women undergoing cesarean delivery: an updated meta-analysis. Am J Obstet Gynecol. 2021 462 

Sep 25:S0002-9378(21)01053-X. doi: 10.1016/j.ajog.2021.09.025. 463 

15. Sentilhes L, Deneux-Tharaux C, Roberts I, Ker K. Tranexamic acid for the prevention of 464 

postpartum hemorrhage in women undergoing cesarean delivery. Am J Obstet Gynecol. 2021 465 

Dec 28:S0002-9378(21)02732-0. doi: 10.1016/j.ajog.2021.12.039.  466 

16. Bamber JH, Ali IAM. Prophylactic tranexamic acid at delivery: if not now, when? Int J Obstet 467 

Anesth. 2021 Nov 2:103232. doi: 10.1016/j.ijoa.2021.103232.  468 



22 

 

17. Shander A, Javidroozi M, Sentilhes L. Reply to: Prophylactic tranexamic acid at delivery: if 469 

not now, when? Int J Obstet Anesth. 2021 Nov 2:103234. doi: 10.1016/j.ijoa.2021.103234.  470 

18. Boujenah J. Statistical versus health care decision Implementation in daily practice the results 471 

of the 2 trial TRAAP : A step toward beyond the p value ? J Gynecol Obstet Hum Reprod. 472 

2021;50(10):102231. doi: 10.1016/j.jogoh.2021.102231. 473 

19. Madar H, Goffinet F, Seco A, Rozenberg P, Dupont C, Deneux-Tharaux C; EPIMOMS 474 

(EPIdémiologie de la MOrbidité Maternelle Sévère) Study Group. Severe Acute Maternal 475 

Morbidity in Twin Compared With Singleton Pregnancies. Obstet Gynecol. 2019 476 

Jun;133(6):1141-1150. doi: 10.1097/AOG.0000000000003261. 477 

20. Sentilhes L, Goffinet F, Vayssière C, Deneux-Tharaux C. Comparison of postpartum 478 

haemorrhage guidelines: discrepancies underline our lack of knowledge. BJOG. 2017 479 

Apr;124(5):718-722. doi: 10.1111/1471-0528.14305. 480 

21. Sentilhes L, Daniel V, Deneux-Tharaux C; TRAAP2 Study Group and the Groupe de 481 

Recherche en Obstétrique et Gynécologie (GROG). TRAAP2 - TRAnexamic Acid for 482 

Preventing postpartum hemorrhage after cesarean delivery: a multicenter randomized, 483 

doubleblind, placebo- controlled trial - a study protocol. BMC Pregnancy Childbirth. 484 

2020;20(1):63. doi: 10.1186/s12884-019-2718-4. 485 

22. Sentilhes L, Vayssière C, DeneuxTharaux C, et al. Postpartum hemorrhage: guidelines for 486 

clinical practice from the French College of Gynaecologists and Obstetricians (CNGOF): in 487 

collaboration with the French Society of Anesthesiology and Intensive Care (SFAR). Eur J 488 

Obstet Gynecol Reprod Biol. 2016;198:12-21. doi: 10.1016/j.ejogrb.2015.12.012. 489 

23. Kamel H, Navi BB, Sriram N, Hovsepian DA, Devereux RB, Elkind MSV. Risk of a 490 

thrombotic event after the 6-week postpartum period. N Engl J Med. 2014; 370(14):1307-15. 491 

doi: 10.1056/NEJMoa1311485. 492 



23 

 

24. Sheehan SR, Montgomery AA, Carey M, McAuliffe FM, Eogan M, Gleeson R, et al. 493 

Oxytocin bolus versus oxytocin bolus and infusion for control of blood loss at elective 494 

caesarean section: double blind, placebo controlled, randomised trial. BMJ. 2011;343:d4661. 495 

doi: 10.1136/bmj.d4661. 496 

25. Maged AM, Helal OM, Elsherbini MM, Eid MM, Elkomy RO, Dahab S, Elsissy MH. A 497 

randomized placebo-controlled trial of preoperative tranexamic acid among women 498 

undergoing elective cesarean delivery. Int J Gynaecol Obstet. 2015;131(3):265-8. doi: 499 

10.1016/j.ijgo.2015.05.027. 500 

26. Misme H, Dupont C, Cortet M, Rudigoz RC, Huissoud C. Distribution of blood loss during 501 

vaginal delivery and cesarean section. J Gynecol Obstet Biol Reprod. 2016;45(1):71–9. doi: 502 

10.1016/j.jgyn.2015.01.004. 503 

27. Postpartum haemorrhage, prevention and management (Green-top Guideline No. 52). London: 504 

Royal College of Obstetricians and Gynaecologists, 2009. 505 

28. Mavrides E, Allard S, Chandraharan E, Collins P, Green L, Hunt BJ, Riris S, Thomson AJ on 506 

behalf of the Royal College of Obstetricians and Gynaecologists. Prevention and management 507 

of postpartum haemorrhage. BJOG. 2016;124:e106–e149. 508 

29. Overview | Blood transfusion | Quality standards | NICE. 509 

https://www.nice.org.uk/guidance/qs138 Accessed December 28, 2021 510 

30. Sentilhes L, Maillard F, Brun S, et al. Risk factors for chronic post-traumatic stress disorder 511 

development one year after vaginal delivery: a prospective, observational study. Sci Rep. 512 

2017;7(1):8724. doi: 10.1038/s41598-017-09314-x. 513 

31. Froeliger A, Deneux-Tharaux C, Seco A, Sentilhes L; TRAnexamic Acid for Preventing 514 

postpartum hemorrhage after vaginal delivery (TRAAP) Study Group. Posttraumatic Stress 515 

Disorder Symptoms 2 Months After Vaginal Delivery. Obstet Gynecol. 2022;139(1):63-72. 516 

doi: 10.1097/AOG.0000000000004611 517 



24 

 

32. Corwin EJ, Murray-Kolb LE, Beard JL. Low hemoglobin level is a risk factor for postpartum 518 

depression. J Nutr. 2003;133(12):4139-42. doi: 10.1093/jn/133.12.4139. 519 

33. Novikova N, Hofmeyr GJ, Cluver C. Tranexamic acid for preventing postpartum 520 

haemorrhage. Cochrane Database Syst Rev. 2015;(6):CD007872. doi: 521 

10.1002/14651858.CD007872.pub3. 522 

34. Alam A, Choi S. Prophylactic Use of Tranexamic Acid for Postpartum Bleeding Outcomes: A 523 

Systematic Review and Meta-Analysis of Randomized Controlled Trials. Transfus Med Rev. 524 

2015;29(4):231-41. doi: 10.1016/j.tmrv.2015.07.002. 525 

35. Wang HY, Hong SK, Duan Y, Yin HM. Tranexamic acid and blood loss during and after 526 

cesarean section: a meta-analysis. J Perinatol. 2015;35(10):818-25. doi: 10.1038/jp.2015.93. 527 

36. Simonazzi G, Bisulli M, Saccone G, Moro E, Marshall A, Berghella V. Tranexamic acid for 528 

preventing postpartum blood loss after cesarean delivery: a systematic review and meta-529 

analysis of randomized controlled trials. Acta Obstet Gynecol Scand. 2016;95(1):28-37. doi: 530 

10.1111/aogs.12798. 531 

37. Li C, Gong Y, Dong L, Xie B, Dai Z. Is prophylactic tranexamic acid administration effective 532 

and safe for postpartum hemorrhage prevention?: A systematic review and meta-analysis. 533 

Medicine (Baltimore). 2017;96(1):e5653. doi: 10.1097/MD.0000000000005653. 534 

38. Ker K, Shakur H, Roberts I. Does tranexamic acid prevent postpartum haemorrhage? A 535 

systematic review of randomised controlled trials. BJOG. 2016;123(11):1745-52. doi: 536 

10.1111/1471-0528.14267. 537 

39. Sentilhes L, Brun S, Madar H, Merlot B, Deneux-Tharaux C. Re: Does tranexamic acid 538 

prevent postpartum haemorrhage? A systematic review of randomised controlled trials: A very 539 

welcome publication. BJOG. 2017;124(6):982. doi: 10.1111/1471-0528.14421. 540 



25 

 

40. Sivakumar H, Peyton PJ. Poor agreement in significant findings between meta-analyses and 541 

subsequent large randomized trials in perioperative medicine. Br J Anaesth. 2016;117(4):431–542 

41. doi: 10.1093/bja/aew170. 543 

41. Patel S, Robertson B, McConachie I. Catastrophic drug errors involving tranexamic acid 544 

administered during spinal anaesthesia. Anaesthesia. 2019 Jul;74(7):904-914. doi: 545 

10.1111/anae.14662. 546 

 547 

  548 



26 

 

List and titles of figures and tables 549 

Figure 1 – Flowchart of Study Population Selection 550 

Legend: 551 

* All multiple pregnancies were twin pregnancies. 552 

** Pre- and/or postoperative hematocrit were not available. 553 

Figure 2 – Subgroup Analyses of the Primary Outcome: Women with Multiples Pregnancies in the 554 

TRAAP2 Trial, Modified Intention-to-Treat Population. 555 

Legend: 556 

Figure 2 shows the risk ratio for postpartum hemorrhage (PPH) (tranexamic acid vs placebo), 557 

adjusted for randomization stratification variables (center and timing of cesarean delivery, that is, 558 

before or during labor). PPH was defined as a calculated estimated blood loss > 1000 mL or receipt 559 

of a red-cell transfusion within 2 days after delivery. Women defined as at risk for PPH were those 560 

with one or more risk factors for PPH with an odds ratio of at least 3 in the literature, that is, 561 

previous PPH, pregnancy-related hypertensive disorder, or cesarean delivery during labor.27 562 

 563 

Table 1 - Characteristics of Participants at Baseline and Management of the Third Stage of Labor: 564 

Women with Multiple Pregnancies in the TRAAP2 trial, Modified Intention-to-Treat Population  565 

Table 2 - Primary and Secondary Outcomes in Women with Multiples Pregnancies in the TRAAP2 566 

trial, Modified Intention-to-Treat Population 567 

Table 3 – Adverse Events, Women with Multiple Pregnancies in the TRAAP2 trial, Safety 568 

Population  569 

  570 



27 

 

Table 1. Characteristics of Participants at Baseline and Management of the Third Stage of Labor, Women 571 

with Multiple Pregnancies in the TRAAP2 trial, Modified Intention-to-Treat Population*  572 

Characteristic 

Tranexamic 

acid group 

(N=160) 

Placebo  

group  

(N=159) 

P Value 

Age — yr  33.6±5.0 34.3±4.8 .20 

Body-mass index before pregnancy † 25.1±6.0 24.9±6.2 .73 

Primiparous — no./total no. (%) 41/160 (25.6) 40/159 (25.2) .92 

Previous cesarean delivery — no./total no.  (%) 40/160 (25.0) 48/160 (30.2) .30 

     One previous cesarean delivery (%) 29/160 (18.1) 35/159 (22.0) .39 

     At least 2 previous cesarean deliveries (%) 11/160 (6.9) 13/159 (8.2) .66 

History of postpartum hemorrhage — no./total no. (%)  5/160 (3.1) 4/159 (2.5) >.99 

Gestational diabetes — no./total no. (%) 22/160 (13.8) 26/159 (16.4) .52 

Gestational hypertensive disorders — no./total no. (%) 14/160 (8.8) 20/159 (12.6) .27 

Hospitalization during pregnancy longer than 24 hours — 

no./total no. (%) 
43/160 (26.9) 39/159 (24.5) .63 

Median gestational age at delivery (IQR) — wk 37 (36-38) 37 (36-38) .16 

Timing of cesarean delivery — no. (%)   .53 

     Before labor 120 (75.0) 124 (78.0)  

     During labor 40 (25.0) 35 (22.0)  

Median duration of cesarean delivery (IQR) — min 35 (30-44) 37 (30-43) .42 

Epidural or spinal anesthesia — no./total no. (%) 156/158 (98.7) 157/159 (98.7) >.99 

General analgesia — no./total no. (%) 8/156 (5.1) 9/156 (5.8) .80 

Induction of labor — no./total no. (%) 26/160 (16.3) 25/159 (15.7) .90 

Oxytocin during labor — no./total no. (%) 30/160 (18.8) 24/159 (15.1) .38 

Prophylactic uterotonic at birth — no./total no. (%) 156/160 (97.5) 157/158 (99.4) .18 

 Prophylactic carbetocin at birth 68/160 (42.5) 72/158 (45.6) .58 

 Prophylactic oxytocin at birth 89/160 (55.6) 86/158 (54.4) .83 

Median interval between delivery and administration of 

tranexamic acid of placebo (IQR) — min 
3 (2-5) 4 (2-5) .35 

Controlled cord traction — no./total no. (%) 84/142 (59.2) 87/143 (60.8) .77 

Anticoagulant prophylaxis after delivery — no./total no. (%) 114/158 (72.2) 125/157 (79.6) .12 

* Plus-minus values are mean ±SD. Data on body-mass index were missing for 1 woman in the placebo 573 

group; on duration of cesarean delivery for 11 women in the tranexamic acid group and 14 women in the 574 

placebo group; and on interval between delivery and administration of tranexamic acid or placebo for 8 575 

and 3, respectively. IQR denotes interquartile range. 576 

† The body-mass index is the weight in kilograms divided by the square of the height in meters577 
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Table 2. Primary and Secondary Outcomes in Women with Multiple Pregnancies in the TRAAP2 trial, Modified Intention-to-Treat Population*  

Outcome or Event 

Tranexamic 

acid group 

(N=160) 

Placebo 

group 

(N=159) 

Unadjusted Difference 

(95% CI)† 

Unadjusted Risk Ratio 

(95% CI) 

Adjusted Risk Ratio or 

Mean Difference (95% 

CI)‡ 

P 

Value§ 

Postpartum hemorrhage — no./total no. (%)¶ 62/147 (42.2) 67/152 (44.1) -1.9 (-13.1 to 9.3) 0.96 (0.74to 1.24) 0.97 (0.68 to 1.38) .86 

Calculated estimated blood loss > 1000 mL 60/146 (41.1) 66/152 (43.4) -2.3 (-13.5 to 8.9) 0.95 (0.73 to 1.23) 0.96 (0.67 to 1.38) .83 

Red-cell transfusion by day 2 11/160 (6.9) 7/159 (4.4) 2.5 (-2.6 to 7.5) 1.56 (0.62 to 3.93) 1.49 (0.56 to 3.93) .43 

Gravimetrically estimated blood loss — mL∥ 1186±1169  1283±1264 -96.6 (-404.2 to 211.0) — -128.5 (-381.1 to 124.2) .32 

Gravimetrically estimated blood loss category — 

no./total no. (%) 
      

> 500 mL 95/122 (77.9) 94/121 (77.7) 0.2 (-10.3 to 10.6) 1.00 (0.88 to 1.15) 1.01 (0.75 to 1.36) .95 

> 1000 mL 70/122 (57.4) 56/121 (46.3) 11.1 (-1.4 to 23.6) 1.24 (0.97 to 1.58) 1.20 (0.83 to 1.73) .33 

Clinically significant postpartum hemorrhage 

according to health care providers — no./total no. 

(%) 

44/160 (27.5) 49/159 (30.8) -3.3 (-13.3 to 6.7) 0.89 (0.63 to 1.26) 0.89 (0.59 to 1.35) .58 

Additional uterotonic agents for excessive bleeding 

— no./total no. (%) 
26/160 (16.3) 27/159 (17.0) -0.7 (-8.9 to 7.4) 0.96 (0.59 to 1.56) 0.96 (0.56 to 1.67) .89 

Blood transfusion — no./total no. (%) 13/160 (8.1) 8/159 (5.0) 3.1 (-2.3 to 8.5) 1.61 (0.69 to 3.79) 1.62 (0.66 to 4.00) .30 

No. of red-cell units transfused 3.5±2.2 4.8±3.7 -1.3 (-3.9 to 1.4) — 0.5 (-2.0 to 3.0) .69 

Postoperative iron sucrose infusion — no./total no. 

(%) 
14/159 (8.8) 6/158 (3.8) 5.0 (-0.3 to 10.3) 2.3 (0.9 to 5.9) 2.7 (1.0 to 7.0) .05 

Arterial embolization, emergency surgery for 

postpartum hemorrhage, or hysterectomy — 

no./total no. (%)** 

5/160 (3.1) 1/159 (0.6) 2.5 (-0.5 to 5.5) 4.97 (0.59 to 42.05) 4.27 (0.49 to 37.01) .19 

Transfer to intensive care unit — no./total no. (%) 4/160 (2.5) 6/159 (3.8) -1.3 (-5.1 to 2.6) 0.66 (0.19 to 2.30) 0.52 (0.15 to 1.85) .31 

Calculated estimated blood loss — mL†† 997±1160 1010±1051 -12.8 (-265.0 to 239.4) — -16.8 (-263.5 to 229.9) .89 

Calculated estimated blood loss category — 

no./total no. (%)†† 
      

> 500 mL 98/146 (67.1) 110/152 (72.4) -5.2 (-15.7 to 5.2) 0.93 (0.80 to 1.08) 0.92 (0.70 to 1.22) .58 
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> 1500 mL 33/146 (22.6) 33/152 (21.7) 0.9 (-8.5 to 10.3) 1.04 (0.68 to 1.59) 1.04 (0.63 to 1.72) .87 

Hemoglobin‡‡       

Peripartum change — g/dL -1.6±1.8 -1.7±1.7 0.07 (-0.34 to 0.47) — 0.07 (-0.32 to 0.47) .71 

Peripartum decrease >2 g/dL— no./total no. 

(%) 
41/148 (27.7) 50/152 (32.9) -5.2 (-15.6 to 5.2) 0.84 (0.60 to 1.19) 0.86 (0.56 to 1.32) .49 

Hematocrit††       

Peripartum change — percentage points -4.9±5.7 -5.0±5.4 0.08 (-1.19 to 1.35) — 0.14 (-1.10 to 1.39) .82 

Peripartum decrease >10 percentage points 

— no./total no. (%) 
14/146 (9.6) 12/152 (7.9) 1.7 (-4.7 to 8.1) 1.21 (0.58 to 2.54) 1.15 (0.51 to 2.57) .74 

 

* Plus–minus values are means ±SD. No hypovolemic shock or maternal death occurred in either group. Data on gravimetrically estimated blood loss were 

not available for 38 women in the tranexamic acid group and 38 in the placebo group; on red-cell units transfused for 147 and 151, respectively; on 

calculated estimated blood loss for 14 and 7, respectively; on peripartum change in hemoglobin level for 12 and 7, respectively; and on peripartum change 

in hematocrit for 14 and 7, respectively.  

† Differences between the groups are given in percentage points, and differences between mean values in the units of the mean values. 

‡ Adjusted risk raIos and adjusted mean differences were esImated with the use of Poisson mixed-effects regression models and linear mixed-effects 

models, respectively, with systematic adjustment for randomization stratification variables (center and timing of cesarean delivery, that is, before or during 

labor).  

§ All P value were related to adjusted risk ratio or mean difference.  

¶ Postpartum hemorrhage was defined as a calculated estimated blood loss of greater than 1000 mL or receipt of a red-cell transfusion within 2 days after 

delivery. 

∥ Gravimetrically estimated blood loss was assessed by measuring the suction volume and swab weight from, among other items, disposable waterproof 

drapes with pockets that captured blood and amniotic fluid. Only data for women enrolled on or after August 7, 2018, are considered (data monitoring 

before that date showed a lack of reliability). 

** In the tranexamic acid group, 1 woman underwent arterial embolization, and 4 a uterus-sparing surgical procedure (vessel ligation or uterine 

compression suture). In the placebo group, 1 woman underwent a hysterectomy. 

†† PreoperaIve hematocrit was defined as the most recent hematocrit measured in the 8 days before delivery, and postoperative hematocrit as the 

measurement closest to day 2. For patients who received a transfusion before the blood sample was obtained, the value of the postoperative hematocrit 

was calculated as the hematocrit on day 2 (%) − (3 × number of units of red cells transfused). PreoperaIve hematocrit was measured at a mean (±SD) of 
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36.8±1.5 weeks of gestation in the tranexamic acid group and at 37.0±1.5 weeks in the placebo group. Postoperative hematocrit was measured on day 2 in 

144 women (90.6%) in the tranexamic acid and in 135 women (84.9%) in the placebo group and on day 1 or day 3 in 15 (9.4%) and 24 (15.1%), respectively. 

‡‡ PreoperaIve hemoglobin was defined as the most recent hemoglobin level measured in the 8 days before delivery, and postpartum hemoglobin was 

defined as the measurement closest to day 2. For patients who received a transfusion before the blood sample was obtained, the value of the postpartum 

hemoglobin was calculated as the value of the hemoglobin on day 2 (in grams per deciliter)−(1 × number of units of red cells transfused). 
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Table 3. Adverse Events, Women with Multiple Pregnancies in the TRAAP2 trial, Safety Population* 

Event or Measure 

Tranexamic 

acid group 

(N=159) 

Placebo 

group 

(N=157) 

Unadjusted Difference 

(95% CI)† 

Unadjusted Risk Ratio 

(95% CI) 

Adjusted Risk Ratio or 

Mean Difference (95% 

CI)‡ 

P Value§ 

In the operating room or PACU       

Vomiting or nausea — no. (%) 70/159 (44.0) 61/155 (39.4) 4.7 (-6.2 to 15.6) 1.12 (0.86 to 1.45) 1.10 (0.78 to 1.57) .58 

Photopsia — no. (%)¶ 0/159 (0) 1/155 (0.7) -0.6 (-1.9 to 0.6) — — — 

Dizziness — no. (%) 10/159 (6.3) 7/155 (4.5) 1.8 (-3.2 to 6.8) 1.39 (0.54 to 3.57) 1.78 (0.61 to 5.15) .29 

Day 2 after delivery∥       

Urea nitrogen — mmol/L 3.6±2.0 3.6±1.6 0.03 (-0.38 to 0.44) — 0.04 (-0.42 to 0.34) .83 

Creatinine — μmol/L 57.5±12.5 58.9±14.1 -1.4 (-4.5 to 1.6) — -2.11 (-5.0 to 0.8) .15 

Alanine aminotransferase >2 × ULN — no. (%) 7/148 (4.7) 2/152 (1.3) 3.4 (-0.4 to 7.2) 3.6 (0.8 to 17.0) 6.6 (0.8 to 54.2) .08 

Aspartate aminotransferase >2 × ULN — no. (%) 6/148 (4.1) 6/152 (4.0) 0.1 (-4.3 to 4.5) 1.03 (0.34 to 3.11) 1.15 (0.34 to 3.85) .82 

Up to 3 mo after delivery       

Completed interviews at 3 mo — no. (%) 154/159 (96.9) 156/157 (99.4) -2.5 (-5.5 to 0.5) 0.97 (0.95 to 1.01) 0.98 (0.78 to 1.23) .83 

Deep-vein thrombosis or pulmonary embolism — 

no. (%)** 
1/154 (0.7) 0/156 (0) 0.6 (-0.6 to 1.9) — — — 

* Plus–minus values are means ±SD. The safety population included 159 women who received tranexamic acid (158 who had been randomly assigned to the 

tranexamic acid group and 1 who had been randomly assigned to the placebo group), and 157 women who received placebo (all randomly assigned to the 

placebo group). No retinal vascular occlusion, myocardial infarction, kidney failure treated with dialysis, or seizure occurred in either group. PACU denotes 

postanesthesia care unit, and ULN upper limit of the normal range. 

† Differences between percentages are presented in percentage points, and differences between mean values are given in the units of the mean values. 

‡ Adjusted risk raIos and adjusted mean differences were esImated with the use of Poisson mixed-effects regression models and linear mixed-effects 

models, respectively, with systematic adjustment for randomization stratification variables (center and timing of cesarean delivery, that is, before or during 

labor). 

§ All P values were related to adjusted risk ratio or mean difference  

¶ Photopsia is the sensation of seeing lights, sparks, or colors. 
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∥ If no blood sample was available on day 2, blood measures were assessed from a day 3 blood sample, if available. If no blood sample was available from 

day 2 or 3, blood measures were assessed from a day 1 blood sample, if available. Data on the urea nitrogen level at postpartum day 2 were not available 

for 9 women in the tranexamic acid group and 10 women in the placebo group, and data on creatinine at postpartum day 2 were not available for 10 

women and 6 women, respectively. 

** In the tranexamic acid group, 1 woman had pelvic-vein thrombosis (ovarian vein).  

 








