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1. Réviser les particularités de 
l’hémorragie maternelle;

2. Revoir les principales étiologies de 
l’hémorragie maternelle;

3. Établir une prise en charge 
structurée de l’HPP sévère;

Préparation
Anticipation

Évaluation/Dx
Réanimation
Traitements





· Définition Hémorragie Post Partum
ê Quantité

• Mineure; 500-1000 ml
• Modérée; 1000-2000 ml
• Sévère; > 2000 ml  

· Hémorragie Massive
ê Pertes sanguines objectivées ou anticipées > 

40% du volume sanguin circulant
ê Perte sanguine rapide ≤ 3 heures

ê Saignement incontrôlé

Rani. J Clin Diagn Res 2017;11(2):QE01-0



· Particularités de la femme enceinte
ê Hypercoagulabilité
ê Débit sanguin utérin élevé

· À la délivrance
ê Contraction myomètre
ê Augmentation activité plaquettaire
ê Vasoconstriction
ê Activité fibrinolytique

ê Relâche massive de facteurs de coagulation
McLintock. J Thromb Haemost 2011;9:1441-51
Hellengren. Semin Thromb Hemost 2003;29:125-30

Hypoperfusion 
(saignement):

Activité 
fibrinolytique





· Antépartum
ê Placenta previa
ê Décollement 

placentaire
ê Rupture utérine
ê Vasa Previa

→ s’intéresser au 
bien-être fœtal…

· Postpartum
ê Tonus
ê Tissus
ê Traumatisme
ê Thrombine/anomal

ie de la coagulation



· Atonie 
ê Distension utérine
ê Entrave à l’involution utérine
ê Désensibilisation oxytocine
ê Diminution/épuisement tonus utérin

· Attention; en HPP si l’atonie n’est pas 
l’étiologie primaire, elle s’ajoute souvent 
en cours de route…

· Importance du massage bi-manuel
ê Stimule les prostaglandines endogènes

Étiologie #1
70% des cas



· Tissus ou rétention de produits de 
conceptions
ê Rétention placentaire

• Incarcération
• Adhérence

ê Anomalie d’insertion
ê Rétention cotylédons

ê Caillots non éliminés

· Importance de l’inspection placentaire et 
de l’évaluation manuelle sous 
échographie au besoin

Étiologie #3
10% des cas



Antepartum Obstetric Hemorrhage

Placenta previa
Placenta previa, complicating 1 in 200 pregnancies, is characterized by the presence
of the placenta overlying the endocervical os (Fig. 1).8,9 Risk factors include previous
uterine surgery and a history of placenta previa.10,11 Disruption of the placental attach-
ment from the uterine decidua can lead to significant bleeding and uteroplacental
insufficiency. The classic presentation is “painless vaginal bleeding,” but abdominal
pain and/or contractions may also occur.10 Diagnosis is confirmed with the use trans-
abdominal and/or transvaginal ultrasound to delineate the relationship of placenta to
the endocervical os. Placenta previa is an indication for cesarean delivery.

Uterine rupture
Uterine rupture, defined as a full-thickness separation of the uterine wall and the over-
lying serosa, occurs in approximately 1 in 100 parturients with a prior uterine sur-
gery.12,13 Factors compromising the integrity of the uterine wall, including grand
multiparity, fetal malpresentation, and oxytocin augmentation of labor, can further in-
crease the risk of uterine rupture.14 Clinical manifestations include a non-reassuring
fetal heart rate, abdominal pain, hypotension, cessation of labor, and palpation of fetal
parts in the abdomen. Urgent cesarean delivery is indicated.

Placental abruption
Placental abruption develops in 1 in 150 pregnancies.15,16 Antepartum separation of
the placenta from the decidua basalis may lead to significant blood loss and compro-
mised placental blood flow. Hypertension, preeclampsia, cocaine use, tobacco use,
and abdominal trauma have been associated with an increased risk of placenta abrup-
tion.17 Classic findings include painful vaginal bleeding, abdominal tenderness, and ir-
ritable uterine contraction pattern.17 Delivery is generally indicated unless the fetus is
premature and the abruption is small with minimal maternal and fetal hemodynamic
sequela.

Postpartum Obstetric Hemorrhage

Uterine atony
Uterine atony is responsible for approximately 80% of postpartum hemorrhages.4 At
term gestation, blood flow to the uterus is approximately 700 mL/min. Following

Fig. 1. Placenta previa describes a condition whereby the placenta partially or completely
covers the cervix.

Baird18

Incision transplacentaire
Contraction utérine moins efficace
Risque anomalie d’accreta
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spinal anesthesia, is considered acceptable for patients 
without active bleeding.

Patients who have placenta previa—even without active 
preoperative bleeding—remain at risk for increased intraop-
erative blood loss for at least three reasons. First, the obstetri-
cian may injure an anteriorly located placenta during uterine 
incision. Second, after delivery, the lower uterine segment 
implantation site, lacking uterine muscle compared with the 
fundus, does not contract as well as the normal fundal 
implantation site. Third, a patient with placenta previa is at 
increased risk for placenta accreta, especially if there is a 
history of previous cesarean delivery (see later discussion) 
(Table 37.1).19 For these reasons, it may be advisable to place 
two large-bore intravenous catheters before the start of either 
elective or emergent cesarean delivery. No consensus exists on 
the need for blood product availability in these patients, but it 
seems prudent to order a blood type and screen and ensure 
blood product availability. If preoperative imaging indicates 
the possibility of a placenta accreta, preparation for massive 
blood loss should be undertaken.

Patients with placenta previa and active preoperative 
bleeding represent a significant challenge for the anesthesia 
care team. Frequently, such patients have just presented to the 
hospital and there is minimal time for evaluation. In these 
cases, patient evaluation, resuscitation, and preparation for 
operative delivery all proceed simultaneously. Because the 
placental site is the source of hemorrhage, the bleeding may 
continue unabated until the placenta is removed and the 
uterus contracts. Preoperative evaluation requires careful 
assessment of the parturient’s airway and intravascular 
volume. Two large-bore intravenous catheters should be 
placed, and blood products should be ordered as necessary. 
Blood administration sets, fluid warmers, and equipment for 
invasive monitoring should be immediately available. Initially, 
non–dextrose-containing crystalloid or colloid is infused 
rapidly. In some cases, the patient requires transfusion before 
cross-matched blood is available, and type-specific blood or 
type O, Rh-negative blood must be administered.

Rapid-sequence induction of general anesthesia is the 
preferred technique for bleeding patients. The choice of 
intravenous induction agent depends on the degree of cardio-
vascular instability. In patients with severe hypovolemic 

implantation. Second, the placenta often is adherent to an 
area of fibrosis tissue. Third, patients with placenta previa 
have a higher incidence of first-trimester bleeding, which may 
promote a partial placental separation, reducing the surface 
area for placental exchange. Fourth, although the blood loss 
from placenta previa is almost entirely maternal, trauma to 
the placenta with vaginal examination or coitus may result in 
some fetal blood loss, which could restrict fetal growth.29 
Additionally, a higher incidence of congenital anomalies in 
the fetuses of women with placenta previa may occur.14

Experts recommend that women with a placental edge–
to–internal os distance greater than 1 cm be offered a trial of 
labor because the risk for antepartum hemorrhage and need 
for cesarean delivery during labor are low in this setting.23 
Parturients with a total previa, placental edge–to–internal os 
distance less than 1 cm, and/or significant bleeding will 
require abdominal delivery, as will some patients with nonre-
assuring fetal status.

Anesthetic Management
All patients admitted with vaginal bleeding should be evalu-
ated by an anesthesia provider on arrival. Special consider-
ation should be given to the airway examination, intravascular 
volume assessment, and history of previous cesarean delivery 
or other procedures that create a uterine scar. Volume resus-
citation should be initiated using a non–dextrose-containing 
balanced salt solution (e.g., lactated Ringer’s, normal saline). 
Women with placenta previa may remain hospitalized for 
some time before delivery, and at least one intravenous cathe-
ter should be maintained if bleeding is recurrent or imminent 
delivery is anticipated. Hemoglobin concentration measure-
ment may be indicated after a bleeding episode. Availability of 
cross-matched blood should be ensured. The American Asso-
ciation of Blood Banks (AABB) recommends repeating such 
tests every 3 days in pregnant women because of the small 
but finite risk for developing a new alloantibody during preg-
nancy.30 The use of lower-extremity sequential compression 
devices may decrease the risk for venous thromboembolism 
in patients on bed rest. Pharmacologic prophylaxis may be 
withheld because of the risk for bleeding.

The choice of anesthetic technique depends on the indica-
tion and urgency for delivery, the severity of maternal hypo-
volemia, and the obstetric history (e.g., prior cesarean delivery 
and risk for placenta accreta). Few reliable data exist to guide 
anesthetic choice in the context of abnormal placentation. 
Survey data reveal that obstetric anesthesia providers prefer 
neuraxial anesthesia in patients with placenta previa without 
active bleeding or intravascular volume deficit.31 A random-
ized controlled trial comparing epidural with general anes-
thesia for cesarean delivery in women with placenta previa in 
the absence of active bleeding demonstrated that epidural 
anesthesia was associated with (1) more stable blood pressure 
after delivery and (2) lower transfusion rates and transfusion 
volumes with similar hematocrit measurements the day  
after surgery.32 Operative times, estimated blood loss, urine 
output, and Apgar scores were similar in the two groups.  
Combined spinal-epidural anesthesia, or even single-shot 

Modified from Silver RM, Landon MB, Rouse DJ, et al. Maternal 
morbidity associated with multiple repeat cesarean deliveries. 
Obstet Gynecol. 2006;107:1226–1232.

Number of Prior 
Cesarean Deliveries

% of Patients with 
Placenta Accreta

0 3
1 11
2 40
3 61
4 or more 67

TABLE 37.1 Risk for Placenta Accreta in 
Patients with Placenta Previa: Relationship 
to Number of Prior Cesarean Deliveries

Placenta previa

Chestnut’s Obstetric Anesthesia 6e edition 



suggestive of placenta accreta include loss of the normal retroplacental-myometrial
hypoechoic zone, increased vascularity within the uterine wall, and the presence of
multiple vascular lacunae (creating a “moth-eaten or Swiss cheese” appearance).20,21

Early identification of placenta accreta facilitates the coordination of multidisciplinary
postpartum management, which frequently involves massive transfusion in conjunc-
tion with a combined cesarean delivery–hysterectomy.

Genital trauma
Vaginal delivery is associated with varying degrees of injury to the vagina, vulva, and/
or cervix. Risk factors associated with lower genital tract trauma during childbirth
include nulliparity, macrosomia, precipitous delivery, forceps- or vacuum-assisted de-
livery, and/or episiotomy.15,22 Although cervical laceration complicates 50% of vaginal
deliveries,23 most injuries are superficial with minimal hematologic consequences.
Lacerations extending into the lower uterine segment, uterine artery, and/or retroper-
itoneum can be associated with significant blood loss and hemodynamic perturba-
tions, requiring pharmacologic, hematological, and/or surgical intervention.

Coagulation Disorders

Pregnancy is characterized as a hypercoagulable state, with an increase in many
coagulation factors and a decrease in the activity of anticoagulant and fibrinolytic
pathways (Fig. 3).24 Inherited coagulation disorders can disrupt these protective pro-
hemostatic changes. Parturients with hereditary hematologic disorders, most
frequently von Willebrand disease, hemophilia, and platelet disorders, are at an
increased risk of significant obstetric bleeding. Recommendations for the prophylactic
treatment of parturients with inherited bleeding disorders are included in Table 1.5

MANAGEMENT OF OBSTETRIC HEMORRHAGE
Obstetric Hemorrhage Protocol

Most fatalities associated with obstetric hemorrhage are preventable, with “substand-
ard care” contributing to approximately 70% of maternal mortality.25–27 Adverse out-
comes have been attributed to several avoidable factors, including underestimation of
blood loss, lack of blood product availability, insufficient interdisciplinary communica-
tion, and delayed escalation of invasive interventions.25 Obstetric-specific massive
transfusion algorithms have been associated with a decrease in maternal morbidity.28

Despite the proven success of obstetric hemorrhage protocols, a recent survey

Fig. 2. Placenta accrete occurs when all or part of the placenta attaches abnormally to the
myometrium. The 3 grades of abnormal placental attachment are defined according to the
depth of uterine invasion.
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Anticipation;
- Planifier le geste chirurgical 
- Envisager une prophylaxie avec des 

ballons/ligatures
- Être prêt à la réanimation sanguine
- Disposer d’options pour une prise en 

charge invasive de l’hémorragie massive

Placenta accreta
Césarienne ≈ 35 sem
Multiples façons de gérer;
Hystérectomie d’emblée
Hystérectomie à distance
Conservateur



· Passage vaginale
· Forceps/Macrosomie… → hématomes

· Épisiotomie

· Chirurgicale
· Lacération artères utérines

· Varices

· Inversion utérine

Vulvaire
(br a honteuse)

Vaginale
(br descendante a. 

utérine)
Rétropéritonéale

(br a 
hypogastrique)

Étiologie #2
20% des cas



· Préexistante à l’accouchement
· Conditions hématologiques 

· Héréditaires; vWF, hémophilie A
· Acquises; PTI, prééclampsie/HELLP, 

hématome rétro-placentaire, CIVD sur MFIU

· Anticoagulant

· En cours d’accouchement
· Embolie liquide amniotique
· Saignement massif; dilution-consommation

Étiologie #4
< 1% des cas





· Protocoles & Algorithmes

· Accès rapide; médication & plateaux
· ÉquipeS de support

ê Équipe de réanimation/banque de sang
ê Équipe de gynéco
ê Centre de référence

· Simulation

· Débriefing post événement & Qualité de l’acte

Federspiel et al. Am J Obstet Gynecol MFM 2023;5(2):100740
Cpsi icsp octobre 2016
Lyndon. California Maternal Quality Care Coll. 2015



· En amont; identification des facteurs de 
risque
ê Évaluation pré-anesthésique
ê Liste vérification pré-chirurgicale

· Plan
ê Gestion du sang

ê Plan anesthésique; voie d’accès & technique 
anesthésique

ê Lieux & l’organisation
ê Transfert

Baird. Anesthesiology Clin 2017;35:15-34
Main. Obstet Gynecol 2015; 126(1): 155-62
Girard. Curr Opin Anesthesiol 2014;27:267-74

2/3 des HPP 
surviennent SANS 
facteur de risque
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cicatrice de césarienne, des fibromes, une malformation artérioveineuse et des coagulopathies. 
(Alexander, Thoas, Sanghera, 2002; ACOG, 2006; Aiken, Mehasseb, Prentice, 2012) 

Accouchement avec instrument et césarienne : Certaines interventions obstétriques sont 
associées de façon constante à de pertes sanguines importantes à l’accouchement, et 
prédisposent donc les patientes à développer une HPP. Mentionnons entre autres les 
accouchements à l’aide d’instrument, l’épisiotomie et les césariennes, et plus particulièrement 
les césariennes d’urgence qui sont associées à un taux plus élevé de perte sanguine. 
Mentionnons également que des études récentes avancent que certaines interventions 
obstétricales augmentent la probabilité d’HPP lors d’une grossesse subséquente, et que 
l’augmentation récente d’HPP dans les pays développés, qu’on ne peut entièrement expliquer 
par des facteurs reliés à une grossesse et un accouchement en cours, pourraient être 
attribuables à des facteurs contributifs plus distaux. (Roberts et al., 2009; Briley et al., 2014) 

Facteurs de risque pour la HPP 
Le tableau 3 de la ligne directrice de pratique clinique de la SOGC, «  Prise en charge active du 
troisième stade du travail : Prévention et prise en charge de l’hémorragie postpartum », (Leduc 
et al., 2009) énumère de nombreux facteurs associés à l’hémorragie postpartum (HPP). La 
trousse d’outils sur l’hémorragie obstétrique The California Maternal Quality Care Collaborative 
(CMQCC) Obstetric Hemorrhage Toolkit (Lyndon et al., 2015), s’avère une ressource utile pour 
évaluer les facteurs de risque tant à l’admission que durant le travail et en postpartum. (Les 
facteurs de risque sont présentés en détail ci-dessous.) 

Tableau 1 : Facteurs de risque grossesse/admission (Lyndon et al., 2015) 
Faible Moyen Élevé 

Aucune incision utérine 
antérieure 

Naissance(s) par césarienne 
antérieure(s) ou chirurgie 
utérine 

Placenta prævia, placenta 
bas 

Grossesse unique Grossesse multiple Soupçon de placenta 
accreta, percreta, increta 

����DFFRXFKHPHQWV�
vaginaux antérieurs 

> 4 accouchements vaginaux 
antérieurs  

Hématocrite < 30 ET autres 
facteurs de risque 

Aucun trouble de 
saignement connu 

Chorioamnionite  Plaquettes < 100 000 

Aucun antécédent 
d’hémorragie postpartum 

Antécédent d’hémorragie 
postpartum 

Saignement actif 

 Fibromes utérins de bonne 
dimension  

Coagulopathie connue 
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D’autres facteurs de risque peuvent se développer durant le travail, tels que : 
x Prolongation du deuxième stade.   
x Administration prolongée d’oxytocine. 
x Saignement actif. 
x Chorioamnionite. 
x Traitement de sulfate de magnésium. 

D’autres facteurs de risque d’hémorragie découlant du processus de naissance au troisième 
stade du travail / en postpartum, comprennent :  

x Naissance assistée par les forceps ou la ventouse obstétricale 
x Naissance par césarienne (surtout la césarienne d’urgence/non élective) 
x Rétention placentaire 

IMPLICATIONS 
L’hémorragie postpartum est la principale cause de décès maternel à l’échelle mondiale, 
entraînant un taux de mortalité estimé à 140 000 par année, soit un décès maternel toutes les 
quatre minutes. L’HPP se manifeste dans 5 % de tous les accouchements et est à l’origine 
d’une grande partie des cas de mortalité maternelle. La plupart de ces décès surviennent dans 
les quatre heures suivant l’accouchement, ce qui indique qu’ils sont une conséquence du 
troisième stade du travail. L’HPP non mortelle entraîne d’autres interventions, telles que 
l’inspection utérine, l’expulsion ou l'intervention chirurgicale. D’autres implications comprennent 
notamment l'anémie ferriprive, l'exposition à des produits sanguins, la coagulopathie et les 
lésions aux organes accompagnées d’une hypotension et d’un choc connexes qui peuvent 
mettre en péril la fertilité future. (Leduc, et. al, 2009) 

Malgré le recours aux utérotoniques et à la prise en charge active du troisième stade du travail 
pour prévenir l’HPP, des pays riches tels que le Canada, les États-Unis, le Royaume-Uni et 
l’Australie ont enregistré une augmentation des taux d’HPP. Les taux d’HPP grave et de 
transfusion pour la traiter semblent également en hausse. Au Canada, l’incidence d’hémorragie 
postpartum, tous degrés de gravité confondus, n’a cessé de s’accroître entre 2003 et 2010 
(passant de 3.9 pour cent en 2003 à 5.0 pour cent en 2010), et ce, dans presque toutes les 
provinces et territoires.  Cette hausse n’a pu être expliquée par les facteurs obstétriques, 
fœtaux ou maternels. Il est recommandé d’effectuer des vérifications systématiques 
d’hémorragie postpartum grave afin d’assurer la sécurité des patientes et une prise en charge 
optimale. (Mehrabadi et al., 2014) 

OBJECTIF 
Prévenir l’hémorragie obstétricale touchant la région pelvienne, le tractus génital et le périnée à 
la suite d’un accouchement vaginal ou découlant d’une incision chirurgicale qui fait suite à un 
accouchement assisté par instrument ou à une césarienne.  

Ressources d’amélioration 
pour les préjudices à l’hôpital; 
Hémorragie obstétricale
CPSI ICSP  Oct 2016



· Première ligne
ê Prophylaxie après la naissance

ê Ne pas attendre le clampage du cordon
ê Favoriser le tonus utérin → Éviter l’HPP

· Deuxième ligne
ê Risque élevé d’HPP 
ê Tonus utérin inadéquat (subjectif)

ê Saignement Heesen. Anaesthesia 2019;74:1305-1319
WHO; Uterotonics for prevention HPP 2018



910 PART IX Obstetric Complications

Because ergot alkaloids rapidly produce tetanic uterine 
contractions, their use is restricted to the postpartum period. 
The mechanism of action is poorly understood, but the 
uterotonic effect is most likely mediated by serotonergic 
agonism; the ergot alkaloids are also weak dopamine and 
alpha-adrenergic receptor agonists.97 Parenteral administra-
tion of an ergot alkaloid is associated with a high incidence of 
nausea and vomiting.97 Bolus intravenous administration is 
not recommended because of the propensity to cause serious 
cardiovascular system derangements; even intramuscular 
administration may cause vasoconstriction, hypertension, 
myocardial ischemia and infarction caused by coronary 
vasospasm,98,99 cerebrovascular accident,100 seizures,100 and 
death.98,101 Fortunately, these serious adverse effects occur 
rarely.102 Patients at greatest risk are those with preexisting 
hypertension; however, sudden and marked hypertension 
may also occur in previously normotensive patients. The 
combination of an ergot alkaloid followed by a vasopressor 
may lead to exaggerated hypertension. Relative contraindi-
cations to the use of ergot alkaloids include hypertension, 
preeclampsia, peripheral vascular disease, and ischemic 
heart disease. Treatment of ergot-induced vasoconstriction 
and hypertension may require administration of a potent 
vasodilator such as nitroglycerin or sodium nitroprusside; 
blood pressure and the electrocardiogram should be moni-
tored closely after administration, especially in the setting  
of hemorrhage.

Prostaglandins of the E and F families have gained wide 
acceptance as escalation therapy when high-dose oxytocin is 
inadequate. Concentrations of endogenous prostaglandins 
increase during labor, and levels peak at the time of placental 
separation. It is hypothesized that uterine atony may repre-
sent a failure of prostaglandin concentrations to increase 
during the third stage of labor in some women.103,104 

Carbetocin is an alternative synthetic oxytocin-receptor 
agonist available in Canada, the United Kingdom, and other 
countries, but not the United States. A large multinational 
randomized noninferiority trial (N = 29,645) found that carbe-
tocin was noninferior to oxytocin for prevention of postpartum 
hemorrhage and need for additional uterotonic agents after 
vaginal delivery.95 Carbetocin has a longer duration of action 
than oxytocin, eliminating the need for prolonged infusion.

Treatment. Despite preventive measures, postpartum 
uterine atony may occur. A multidisciplinary response to 
atony is imperative. General resuscitative measures include 
(1) additional large-bore intravenous access, (2) intravenous 
administration of crystalloid and colloid solutions and vaso-
pressors, (3) laboratory determination of hemoglobin con-
centration or hematocrit and assessment of coagulation 
status, and (4) blood bank preparation of blood products for 
transfusion. Bimanual compression and massage of the 
uterus and continued infusion of oxytocin may help restore 
uterine tone. Unfortunately, few high-quality data exist to 
guide therapy if these management strategies fail, and current 
practice relies on expert opinion and clinical judgment. In the 
case of inadequate response to oxytocin, additional uterotonic 
agents should be employed. Three classes of drugs are cur-
rently available for the treatment of uterine atony: oxytocin, 
ergot alkaloids, and prostaglandins (Table 37.3).

The natural ergot alkaloids are produced by a fungus that 
commonly infests rye and other grains. Ergonovine and 
methylergonovine (a semisynthetic preparation with an 
identical pharmacologic profile) are the two ergot alkaloids 
currently available for use. Both drugs are dispensed in 
ampules containing 0.2 mg. When administered via the intra-
muscular route, they have a rapid onset, and the uterotonic 
effect usually lasts for 2 to 4 hours. Ergot alkaloids are stable 
at room temperature for prolonged periods.96

Agent Dose and Route Relative Contraindications Side Effects Notes

Oxytocin 0.3–0.9 IU/min IV 
infusion

None Tachycardia
Hypotension
Myocardial ischemia
Free water retention

Short duration of effect

Ergonovine or 
methylergonovine

0.2 mg IM Hypertension
Preeclampsia
Coronary artery disease

Nausea and vomiting
Arteriolar constriction
Hypertension

Long duration of action
May be repeated once 

after 30 minutes
15-Methylprostaglandin 

F2α

0.25 mg IM Reactive airway disease
Pulmonary hypertension
Hypoxemia

Fever
Chills
Nausea and vomiting
Diarrhea
Bronchoconstriction

May be repeated every 
15 minutes up to 2 mg

Misoprostola 600–1000 μg PR, 
sublingual, or buccal

None Fever
Chills
Nausea and vomiting
Diarrhea

Off-label use

TABLE 37.3 Drug Therapy for Uterine Atony

IM, Intramuscular; IV, intravenous; PR, per rectum.
aMeta-analysis indicates that misoprostol does not provide benefit and increases adverse effects when administered to women with 
postpartum hemorrhage who are already being treated with high-dose oxytocin.111

Chestnut’s Obstetric Anesthesia 6e edition 



· Mécanismes 
ê Stimule directement les récepteurs oxytocin
ê Stimule la relâche prostaglandine PGF2⍺

· Effets secondaires 
ê ☠ Danger bolus oxytocin> 5 IU 
ê Effet antidiurétique

· Comparaison; Carbetocin 100ug ≅Oxytocin 5 IU

ê Durée d’action 5hrs (vs 1h30) 
ê Débute en 2 minutes, ½ vie 40 min (vs 1à6 min)
ê Diminue le risque HPP en césarienne versus $$$
ê Ne mobilise pas de voie veineuse

Lavoie. Anesth Analg 2015;121:159-64
Farina. South African Medical Journal 2015;105:271-4
Su. Cochrane Database of Systemic Reviews 2012; CD005457
Gimpl. Physiological Reviews 2001;81:629-83



Box 1 Suggested dose regimens for uterotonic administration at low-risk elective caesarean section, and caesarean section
in labouringwomen. N.B. take account of national drug license restrictions. See text for further information.

First-line drugs
Oxytocin

Elective caesarean section Intrapartumcaesarean section

Bolus 1 IU oxytocin; start oxytocin infusion at 2.5–7.5
IU.h!1 (0.04–0.125 IU.min!1).

3 IU oxytocin over ≥ 30 s; start oxytocin
infusion at 7.5–15 IU.h!1 (0.125–0.25 IU.min!1).

If required after 2 min, give a further dose of 3 IU over ≥ 30 s.

Consider second-line agent early in the event of failure of this regimen to produce sustained uterine tone.

Review the patient’s clinical conditionbefore discontinuing the infusion; this will usually bebetween 2 h and4 h after
commencement.

Alternative – carbetocin

Elective caesarean section Intrapartumcaesarean section

100 lgover ≥ 30 s. 100 lgover ≥ 30 s.

Smaller doses (as low as 20 lg)maybe sufficient; in this case,
doses canbe repeated if required, up to 100 lg.

Donot exceed100 lg – if requiredmove to second-line drug.

Do not exceed100 lg – if requiredmove to second-line drug.

Second-line drugs
These drugs should be considered for both prophylaxis and treatment of postpartumhaemorrhage.
Consider early use in the event of failure of first-line drugs to produce sustained uterine tone.
Depending on local availability, the following drugs can be used:

1 Ergometrine (ergonovine) 200–500 lg/methylergometrine (methylergonovine) 200 lg: i.m., or slow i.v. in exceptional
circumstances;may be repeated after 2 h.

2 Misoprostol 400–600 lg: sublingual, rectal, vaginal, oral; repeat after 15 min if required,maximum
dose 800 lg.

3 Carboprost 250 lg: i.m. or intramyometrial (contraindicated i.v.); up to every 15 min if required,maximumeight doses.
4 Sulprostone 500 lg: i.v. at 100 lg.h!1;maximumdose 1500 lg.

Consider early use of adjunctivemedication to counter adverse effects, for example, antiemetics.
Further uterotonic administration (third-line drugs) should be considered within a multimodal postpartum haemorrhage
regimen (pharmacology/haematology and antifibrinolysis/surgery/interventional radiology).
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transfusions; and a lower requirement for additional
uterotonics [31, 32].

The optimal duration of oxytocin infusion after initiation
of tone is unknown. A convenient time to review this is at the
point of discharge from the postoperative recovery area.

Intrapartumcaesarean section
Bolus
The ED90 for adequate uterine tone in women undergoing
caesarean section for failure to progress (arrested labour)
was found to be 2.99 (95%CI 2.3–3.7) IU [33], nine times the
dose found at elective caesarean section using similar
methodology [23]. This is likely to result from oxytocin
receptor desensitisation, as the women received oxytocin
infusion during labour for a mean (SD) of 9.8 (6.3) h before
caesarean section. As with this group’s earlier study, a
maintenance infusion of 2.4 IU.h!1 was used for 6 h after
achieving adequate uterine contraction and completion of
the study [23].

Infusion
Lavoie et al. [27] studied labouring women having
caesarean section, using identical methods to those in
women having elective caesarean section. They determined
the ED90 (95%CI) for oxytocin infusion to obtain satisfactory
tone at 4 min after delivery, in women who had had an
oxytocin infusion during labour, as 0.74 (0.56–0.93)
IU.min!1 (44.2 (33.8–55.6) IU.h!1), almost three times higher
than women not in labour. The oxytocin dose at the 4-min
assessment mark was approximately 3 IU. Additionally, 34%
of women having caesarean section during labour required
supplementary uterotonic agents, compared with 8%
women having elective caesarean section [27].

Munn et al. [34] found that additional uterotonics were
required in 39% vs. 19% (RR 2.1), when using 10 IU given
over 30 min comparedwith 80 IU oxytocin, respectively.

A retrospective chart review found that women who
had a caesarean section after receiving oxytocin during
labour required a higher postpartum oxytocin infusion rate
than those who did not, with an adjusted OR of 1.94 (95% CI
1.19–3.15; p = 0.008]) [35]. The former group was also
more likely to require additional uterotonic agents.

Bolus plus infusion
A trial in a mixed study population of elective and
intrapartum caesarean section in women with ≥ 1 risk
factors for uterine atony (overdistended uterus; oxytocin
infusion during labour; chorioamnionitis; clinical history;
placenta praevia; high parity) showed no significant

differences in the need for additional uterotonic drugs
in the first 24 h when comparing 5 IU oxytocin
administered over 30 s, with a placebo bolus followed
by an infusion of 40 IU oxytocin in 500 ml over 30 min.
There were small differences in uterine tone
immediately after delivery of the placenta, which was
no longer apparent 5 min later [36].

Adverse effects
Haemodynamic effects
The haemodynamic effects of oxytocin are related to the
following: the dose administered; rate of administration;
the presence of comorbidities, such as pre-eclampsia or
cardiac disease; the volume status of the patient; and
whether repeated doses are administered. Recent studies
of oxytocin administration during caesarean section under
regional anaesthesia, using non- or minimally invasive
monitors employing beat-by-beat pulse wave form or
transthoracic bioimpedance technology, have shown
peripheral vasodilatation, hypotension, and increased
cardiac output, mediated by an increase in heart rate and
stroke volume after oxytocin administration [37].

The effects of oxytocin on the pulmonary and systemic
circulation have been measured in a study using pulmonary
artery catheterisation. A 10 IU bolus of oxytocin was
followed by a 40% decrease in femoral artery pressure, and
a 59% and 40% decrease in systemic and pulmonary
vascular resistance, respectively, after 30 s. Heart rate
increased by 31% and stroke volume by 17%, and cardiac
output increased by 54%. At 150 s after injection,
pulmonary artery and pulmonary wedge pressure had
increased by 33% and 35%, respectively. However, all
women in this study had undergone general anaesthesia,
which limits comparability with women having regional
anaesthesia [38].

Slow administration of oxytocin results in less
cardiovascular effects. A 5 IU dose administered as an
infusion over 5 min was associated with a 5 mmHg
reduction in mean arterial pressure and a 10 beats.min!1

increase in heart rate, compared with a 27 mmHg decrease
and a 17 beats.min!1 increase seen after the same 5 IU
dose given as a bolus [39]. Repeated doses of oxytocin are
associated with an attenuated cardiovascular effect,
possibly from receptor desensitisation [37].

Co-administration of 80 lg phenylephrine with 2.5 IU
oxytocin, given over 30 s, has been shown to obtund but not
prevent the decrease in systemic vascular resistance and
increase in heart rate and cardiac output [40]. In another
study, administration of 50 lg phenylephrine before a 3 IU
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Box 1 Suggested dose regimens for uterotonic administration at low-risk elective caesarean section, and caesarean section
in labouringwomen. N.B. take account of national drug license restrictions. See text for further information.

First-line drugs
Oxytocin

Elective caesarean section Intrapartumcaesarean section

Bolus 1 IU oxytocin; start oxytocin infusion at 2.5–7.5
IU.h!1 (0.04–0.125 IU.min!1).

3 IU oxytocin over ≥ 30 s; start oxytocin
infusion at 7.5–15 IU.h!1 (0.125–0.25 IU.min!1).

If required after 2 min, give a further dose of 3 IU over ≥ 30 s.

Consider second-line agent early in the event of failure of this regimen to produce sustained uterine tone.

Review the patient’s clinical conditionbefore discontinuing the infusion; this will usually bebetween 2 h and4 h after
commencement.

Alternative – carbetocin

Elective caesarean section Intrapartumcaesarean section

100 lgover ≥ 30 s. 100 lgover ≥ 30 s.

Smaller doses (as low as 20 lg)maybe sufficient; in this case,
doses canbe repeated if required, up to 100 lg.

Donot exceed100 lg – if requiredmove to second-line drug.

Do not exceed100 lg – if requiredmove to second-line drug.

Second-line drugs
These drugs should be considered for both prophylaxis and treatment of postpartumhaemorrhage.
Consider early use in the event of failure of first-line drugs to produce sustained uterine tone.
Depending on local availability, the following drugs can be used:

1 Ergometrine (ergonovine) 200–500 lg/methylergometrine (methylergonovine) 200 lg: i.m., or slow i.v. in exceptional
circumstances;may be repeated after 2 h.

2 Misoprostol 400–600 lg: sublingual, rectal, vaginal, oral; repeat after 15 min if required,maximum
dose 800 lg.

3 Carboprost 250 lg: i.m. or intramyometrial (contraindicated i.v.); up to every 15 min if required,maximumeight doses.
4 Sulprostone 500 lg: i.v. at 100 lg.h!1;maximumdose 1500 lg.

Consider early use of adjunctivemedication to counter adverse effects, for example, antiemetics.
Further uterotonic administration (third-line drugs) should be considered within a multimodal postpartum haemorrhage
regimen (pharmacology/haematology and antifibrinolysis/surgery/interventional radiology).
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DEFINITION OF HEMORRHAGIC SHOCK AND DISSEMINATED INTRAVASCULAR
COAGULOPATHY

Shock is state of hypoperfusion and anaerobic metabolism. In hemorrhagic, hypovo-
lemic shock, it is further characterized into four classes (Table 1). Although intravas-
cular volume increases up to 50% in the mid second trimester pregnancy,
hemorrhagic classification does not change for pregnancy.3

As shown in Table 1, hemorrhagic shock is not only based on loss of blood volume,
but also on clinical factors, such asmental status, heart rate, blood pressure, and urine
output. In the setting of postpartum hemorrhage (PPH), which is often rapid, large-bore
intravenous access should be confirmed and transition from crystalloid resuscitation to
blood products should be made once the patient shows signs of class III shock.
Although defined in the nineteenth century and clinically relevant, the precise defi-

nitions of disseminated intravascular coagulation (DIC) have not been completely
adopted and there have been no criteria that have shown improvement in clinical out-
comes.4–6 DIC affects 12.5 per 10,000 pregnancies and is reported to be the second
most common severe maternal morbidity indicator for obstetric admissions.7,8 The
pathophysiology of clinical DIC is defined as a general inflammatory response with
a release of cytokines, proteases, and hormones that leads to extensive microvascular
endothelial damage.5 This further causes vasodilation, capillary leak, and shock,
which dysregulates the coagulation pathway leading to excessive thrombin genera-
tion and microthrombus formation.5 This is clinically seen with exhaustion of both
platelets and coagulation factors (ie, fibrinogen).5 Clinically this is manifested as
thrombosis of small arterial and venous vessels resulting in organ dysfunction and se-
vere bleeding.
Outside of pregnancy, the three most common clinical conditions associated with

DIC are sepsis, acute leukemia, and solid cancers.4 However, pregnancy-related
true DIC is secondary to placental abruption, preeclampsia, amniotic fluid embolism,
and acute fatty liver of pregnancy (AFLP).9 Acute hemorrhage is not as much intrinsic
DIC as it is a dilutional coagulopathy. However, many times in acute hemorrhage and
trauma there is a release of cytokines and proinflammatory agents that can trigger an
intrinsic coagulopathy. Secondary to the lack of widely accepted guidelines, it is
important for providers to treat DIC in the context of the underlying clinical disease

Table 1
Classes of hemorrhagic shock

Class I Class II Class III Class IV

Blood loss (mL) Up to 750 750–1500 1500–2000 >2000

Blood loss (% of blood
volume)

Up to 15% 15%–30% 30%–40% >40%

Pulse rate <100 100–120 120–140 >140

Blood pressure (mm Hg) Normal Normal Decreased Decreased

Pulse pressure (mm Hg) Normal Decreased Decreased Decreased

Respiratory rate 14–20 20–30 30–40 >35

Urine output (mL/h) >30 20–30 5–15 Negligible

Mental status Slightly
anxious

Mildly
anxious

Anxious,
confused

Confused,
Lethargic

Fluid replacement Crystalloid Crystalloid Crystalloid 1 blood Crystalloid 1 blood

FromAdvancedTraumaLifeSupport (ATLS) student coursemanual. 9thedition. Chicago (IL): American
College of Surgeons; 2012.

Vaught612

Estimation of Blood Loss

The most common trigger for initiation of obstetric hemorrhage protocols is blood loss
exceeding 1500 mL. Timely identification of hemorrhage is complicated by inherent
inaccuracies in visual estimation of blood loss and the lack of early hemodynamic
changes. Several studies have indicated that visual assessment of blood loss is grossly
unreliable, with actual losses frequently exceeding twice the reported visual estima-
tions.31 Physiologic perturbations are often late signs of hypovolemia in young, healthy
parturients (Table 2). Peripheral and splanchnic vasoconstriction facilitates the reloca-
tion of blood from venous capacitance vessels to the central circulation, allowing the
blood pressure and heart rate to remain near normal until blood loss exceeds
1500mL inmost parturients. Laboratory evaluation is generally too slow tomeaningfully
reflect dynamic changes in Hct and coagulation status during an obstetric hemorrhage.
Precision in blood loss assessment is improvedwith the use ofwidely available pictorial
guidelines and/ormeticulous physical collection systems.32 Given the challenges in the
accurate estimation of blood loss during delivery, extreme vigilance is necessary to
assure the early recognition and treatment of obstetric hemorrhage.

Pharmacologic Treatment

Because uterine atony is the primary cause of obstetric hemorrhage, the early admin-
istration of uterotonic agents should be considered in the setting of significant post-
partum bleeding. Uterotonic medications decrease blood loss by directly
stimulating uterine contractions, thus compressing the spiral arteries supplying the
vacant placental bed. Oxytocin is generally regarded as the “first-line” pharmacologic
intervention for postpartum hemorrhage. Previous studies have demonstrated that
prophylactic use of oxytocin during the third stage of labor decreases the incidence
of obstetric hemorrhage.33 Other classes of uterotonic agents should be considered
if uterine atony is unresponsive to oxytocin. The specific “second-line” pharmacologic
intervention is dependent on the presence of maternal comorbidities. Administration
guidelines and contraindications of commonly used uterotonic agents are included
in Table 3.

Invasive Obstetric Management

Obstetric hemorrhage unresponsive to uterotonic agents may require mechanical or
surgical interventions to control blood loss. Uterine massage stimulates myometrial
contractions, although the benefit in the setting of ongoing uterotonic administration
is questionable.34,35 Internal uterine tamponade decreases blood loss by compressing

Table 2
Signs and symptoms of blood loss with obstetric hemorrhage in the healthy parturient

Blood Loss (mL)
Systolic Blood
Pressure (mm Hg) Heart Rate (bpm) Symptoms

1000 >100 <100 Palpitations,
lightheadedness

1500 90–100 100–120 Weakness, diaphoresis

2000 70–80 120–140 Restlessness, confusion,
pallor

3000 50–70 >140 Lethargy, air hunger

Adapted from Bonnar J. Massive obstetric haemorrhage. Baillieres Best Pract Res Clin Obstet
Gynaecol 2000;14(1):1–18.
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for vaginal deliveries. A systemic review and meta-analy-
sis by Li et al is evaluated prophylactic TXA for preven-
tion of PPH. Three of the 25 trials included vaginal
deliveries. This study showed that total postpartum
blood loss was reduced for patients that received pro-
phylactic TXA, with a mean reduction of 85 mL within
2 hours of delivery measured using a combination of
graduated collecting containers and weighted sponges.
There was a reduced occurrence of PPH (defined as
greater than 500 mL blood loss; risk ratio [RR], 0.37;
95% confidence interval [CI], 0.20–0.67); however,
the need for a blood transfusion was not impacted.
The author of this study noted that the results were un-
derpowered due to the small sample sizes from which
data were extracted.23

The TRAAP (Tranexamic Acid for the Prevention of
Postpartum Hemorrhage After Vaginal Delivery) trial is
a recent multicenter, double-blind trial of 3891 women
randomized to receive either prophylactic TXA versus
placebo to evaluate postpartum bleeding outcomes in
patients who had a vaginal delivery.24 Inclusion criteria
were singleton gestations greater than 35 weeks' gesta-
tion that underwent a vaginal delivery. Patients received
1 g intravenous (IV) TXAwithin 2 minutes of delivery.

This study showed a lower incidence of PPH in the TXA
group compared with placebo (6.6% vs 8.8%, P = 0.01),
a reduced need for uterotonics (7.3% vs 9.7%, P =
0.003), and a lower incidence of clinically significant
PPH according to providers' subjective impression
(7.8% vs 10.4%, P = 0.04). One thrombotic event oc-
curred in the TXA group compared with 4 events in
the placebo group; however, this was not statistically
significant (RR, 0.25; 95% CI, 0.03–2.23; P = 0.2). Of
note, nausea and vomiting were more common in the
TXA group compared with placebo, although the rate
of administration was faster than typically recom-
mended (7.0% vs 3.2%, P < 0.001).
An additional Cochrane review meta-analysis by

Novikova et al25 evaluated the efficacy of TXA used
prophylactically in reducing postpartum blood loss af-
ter a vaginal delivery (TXA vs placebo vs no interven-
tion). This review found that the effect of TXA on
blood loss greater than 500 mL was more pronounced
in vaginal deliveries (RR, 0.42; 95% CI, 0.28–0.63)
compared with cesarean deliveries (RR, 0.55; 95% CI,
0.44–0.69). However, prophylactic treatment with
TXA was not effective in decreasing the incidence of
blood loss greater than 1000mL. In addition, predelivery

TABLE 1
Summary of TXA Trials for the Prevention and Treatment of PPH

Study Country N Dose of TXA Timing

TXA for Prophylaxis of PPH–Vaginal Delivery
Yang (2001) China 181 1 g Over 2–3 min after

delivery of fetus
Gungorduk (2013) Turkey 441 1 g Over 5 min at delivery

of anterior shoulder
Mirghafourvand (2015) Iran 120 1 g Over 10 min at delivery

of anterior shoulder
TRAAP trial (2015–2016) France 4,070 1 g Within 2 min after

vaginal delivery
TXA for prophylaxis of PPH–cesarean delivery
Gai (2004) China 180 1 g 10 min before incision

over 5 min
Gohel (2007) India 100 1 g 10 min before incision

over 5 min
Movafegh (2011) Iran 100 10 mg/kg 20 min before spinal
Gungorduk (2011) Turkey 660 1 g At least 10 min prior to

skin incision
Xu (2013) China 174 10 mg/kg 10–20 min before spinal
Goswami (2013) Saudi Arabia 90 10 or 15 mg/kg 20 min before skin incision
Abdel-Aleem (2013) Egypt 740 1 g 10 min before cesarean
Senturk (2013) Turkey 225 1 g 1 h prior to cesarean
Shahid (2013) Pakistan 74 10 mg/kg 10 min before spinal
Ahmed (2014) Egypt 124 10 mg/kg 5 min before cesarean
MFMU Network trial (2018) US 11,000 1 g At the time of cord clamp

in cesarean delivery
TXA for treatment of PPH
Ducloy-Bouthors (2011) France 144 4 g (plus 1 g/h) —
WOMAN trial (2009–2016) Worldwide 20,060 1 g (plus repeat 1 g if ongoing hemorrhage) —
Gillissen (2017) Netherlands 1260 1 g (plus repeat 1 g if ongoing hemorrhage) —
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Effect of early tranexamic acid administration on mortality, 
hysterectomy, and other morbidities in women with 
post-partum haemorrhage (WOMAN): an international, 
randomised, double-blind, placebo-controlled trial
WOMAN Trial Collaborators*

Summary
Background Post-partum haemorrhage is the leading cause of maternal death worldwide. Early administration of 
tranexamic acid reduces deaths due to bleeding in trauma patients. We aimed to assess the effects of early administration 
of tranexamic acid on death, hysterectomy, and other relevant outcomes in women with post-partum haemorrhage.

Methods In this randomised, double-blind, placebo-controlled trial, we recruited women aged 16 years and older with a 
clinical diagnosis of post-partum haemorrhage after a vaginal birth or caesarean section from 193 hospitals in 21 countries. 
We randomly assigned women to receive either 1 g intravenous tranexamic acid or matching placebo in addition to usual 
care. If bleeding continued after 30 min, or stopped and restarted within 24 h of the first dose, a second dose of 1 g of 
tranexamic acid or placebo could be given. Patients were assigned by selection of a numbered treatment pack from a box 
containing eight numbered packs that were identical apart from the pack number. Participants, care givers, and those 
assessing outcomes were masked to allocation. We originally planned to enrol 15 000 women with a composite primary 
endpoint of death from all-causes or hysterectomy within 42 days of giving birth. However, during the trial it became 
apparent that the decision to conduct a hysterectomy was often made at the same time as randomisation. Although 
tranexamic acid could influence the risk of death in these cases, it could not affect the risk of hysterectomy. We therefore 
increased the sample size from 15 000 to 20 000 women in order to estimate the effect of tranexamic acid on the risk of 
death from post-partum haemorrhage. All analyses were done on an intention-to-treat basis. This trial is registered with 
ISRCTN76912190 (Dec 8, 2008); ClinicalTrials.gov, number NCT00872469; and PACTR201007000192283.

Findings Between March, 2010, and April, 2016, 20 060 women were enrolled and randomly assigned to receive 
tranexamic acid (n=10 051) or placebo (n=10 009), of whom 10 036 and 9985, respectively, were included in the analysis. 
Death due to bleeding was significantly reduced in women given tranexamic acid (155 [1·5%] of 10 036 patients vs 191  
[1·9%] of 9985 in the placebo group, risk ratio [RR] 0·81, 95% CI 0·65–1·00; p=0·045), especially in women given 
treatment within 3 h of giving birth (89 [1·2%] in the tranexamic acid group vs 127 [1·7%] in the placebo group, 
RR 0·69, 95% CI 0·52–0·91; p=0·008). All other causes of death did not differ significantly by group. Hysterectomy 
was not reduced with tranexamic acid (358 [3·6%] patients in the tranexamic acid group vs 351 [3·5%] in the placebo 
group, RR 1·02, 95% CI 0·88–1·07; p=0·84). The composite primary endpoint of death from all causes or hysterectomy 
was not reduced with tranexamic acid (534 [5·3%] deaths or hysterectomies in the tranexamic acid group vs 546 [5·5%] 
in the placebo group, RR 0·97, 95% CI 0·87-1·09; p=0·65). Adverse events (including thromboembolic events) did 
not differ significantly in the tranexamic acid versus placebo group.

Interpretation Tranexamic acid reduces death due to bleeding in women with post-partum haemorrhage with no 
adverse effects. When used as a treatment for postpartum haemorrhage, tranexamic acid should be given as soon as 
possible after bleeding onset. 

Funding London School of Hygiene & Tropical Medicine, Pfizer, UK Department of Health, Wellcome Trust, and 
Bill & Melinda Gates Foundation.

Copyright © The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 4.0  
license.

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

all (99%) occur in low-income and middle-income 
countries.4,5

Tranexamic acid reduces bleeding by inhibiting the 
enzymatic breakdown of fibrinogen and fibrin by 
plasmin.6 Findings of a systematic review of clinical trials 
of tranexamic acid in surgery showed that the drug 
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was not reduced with tranexamic acid (358 [3·6%] patients in the tranexamic acid group vs 351 [3·5%] in the placebo 
group, RR 1·02, 95% CI 0·88–1·07; p=0·84). The composite primary endpoint of death from all causes or hysterectomy 
was not reduced with tranexamic acid (534 [5·3%] deaths or hysterectomies in the tranexamic acid group vs 546 [5·5%] 
in the placebo group, RR 0·97, 95% CI 0·87-1·09; p=0·65). Adverse events (including thromboembolic events) did 
not differ significantly in the tranexamic acid versus placebo group.

Interpretation Tranexamic acid reduces death due to bleeding in women with post-partum haemorrhage with no 
adverse effects. When used as a treatment for postpartum haemorrhage, tranexamic acid should be given as soon as 
possible after bleeding onset. 
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Introduction
Primary post-partum haemorrhage, usually defined as a 
blood loss of more than 500 mL within 24 h of giving 
birth, is the leading cause of maternal death worldwide, 
responsible for about 100 000 deaths every year.1–3 Most of 
the deaths occur soon after giving birth and almost 

all (99%) occur in low-income and middle-income 
countries.4,5

Tranexamic acid reduces bleeding by inhibiting the 
enzymatic breakdown of fibrinogen and fibrin by 
plasmin.6 Findings of a systematic review of clinical trials 
of tranexamic acid in surgery showed that the drug 

Published Online 
April 26, 2017 
http://dx.doi.org/10.1016/
S0140-6736(17)30638-4

This online publication has 
been corrected. The corrected 
version first appeared at 
thelancet.com on May 5, 2017

See Online/Editorial 
http://dx.doi.org/10.1016/ 
S0140-6736(17)31111-X

*Collaborators listed at end of 
the report

Correspondence to: 
Clinical Trials Unit, London 
School of Hygiene & Tropical 
Medicine, London, UK 
thewomantrial@LSHTM.AC.UK

• Randomisée, contrôlée, double insu
• Mul6centrique; 193 hôpitaux dans 21 pays
• 15 000 è 20 000
• HPP contexte accouchement vaginal ou césarienne
• Acide tranexamique 1g
• Primaire; Mortalité 42 jours (hystérectomie)

• Secondaires
– Mortalité secondaire saignement
– Événements thrombo-emboliques/complicaAons
– IntervenAons chirurgicales



Articles

www.thelancet.com   Vol 389   May 27, 2017 2109

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

After publication of the planned primary and secondary 
analyses, the trial data will be made available via our data 
sharing portal, The Free Bank of Injury and Emergency 
Research Data (freeBIRD) website. This will allow for 
maximum utilisation of the data to improve patient care 
and advance medical knowledge.

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

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

There were 483 maternal deaths of which 374 (77%) 
were within 24 h of randomisation and 43 (9%) were 
within 1 h of randomisation (figure 2). The appendix 
shows the distribution of deaths from hours since 

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

To access data at freeBIRD see 
http://freebird.Lshtm.ac.uk

Figure 2: Cause of death by hours since randomisation (A) and cause of hysterectomy by hours since 
randomisation (B)
*Excludes data for 311 women who had a hysterectomy before randomisation.
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Hysterectomies for bleeding

Tranexamic acid group 
(n=10 036)

Placebo group 
(n=9985)

RR (95% CI) p value 
(two-sided)

Bleeding 155 (1·5%) 191 (1·9 %) 0·81 (0·65–1·00) 0·045

Pulmonary embolism 10 (0·1%) 11 (0·1) 0·90 (0·38–2·13) 0·82

Organ failure 25 (0·3%) 18 (0·2%) 1·38 (0·75–2·53) 0·29

Sepsis 15 (0·2%) 8 (0·1%) 1·87 (0·79–4·40) 0·15

Eclampsia 2 (0·02%) 8 (0·1%) 0·25 (0·05–1·17) 0·057

Other 20 (0·2%) 20 (0·2%) 0·99 (0·54–1·85) 0·99

Any cause of death 227 (2·3%) 256 (2·6%) 0·88 (0·74–1·05) 0·16

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

Table 2: Effect of tranexamic acid on maternal death

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

After publication of the planned primary and secondary 
analyses, the trial data will be made available via our data 
sharing portal, The Free Bank of Injury and Emergency 
Research Data (freeBIRD) website. This will allow for 
maximum utilisation of the data to improve patient care 
and advance medical knowledge.

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

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

There were 483 maternal deaths of which 374 (77%) 
were within 24 h of randomisation and 43 (9%) were 
within 1 h of randomisation (figure 2). The appendix 
shows the distribution of deaths from hours since 

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

To access data at freeBIRD see 
http://freebird.Lshtm.ac.uk

Figure 2: Cause of death by hours since randomisation (A) and cause of hysterectomy by hours since 
randomisation (B)
*Excludes data for 311 women who had a hysterectomy before randomisation.
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Bleeding 155 (1·5%) 191 (1·9 %) 0·81 (0·65–1·00) 0·045

Pulmonary embolism 10 (0·1%) 11 (0·1) 0·90 (0·38–2·13) 0·82

Organ failure 25 (0·3%) 18 (0·2%) 1·38 (0·75–2·53) 0·29

Sepsis 15 (0·2%) 8 (0·1%) 1·87 (0·79–4·40) 0·15

Eclampsia 2 (0·02%) 8 (0·1%) 0·25 (0·05–1·17) 0·057

Other 20 (0·2%) 20 (0·2%) 0·99 (0·54–1·85) 0·99

Any cause of death 227 (2·3%) 256 (2·6%) 0·88 (0·74–1·05) 0·16

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

Table 2: Effect of tranexamic acid on maternal death

See Online for appendix
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(227 [2·3%] in the tranexamic acid group vs 256 [2·6%] 
in the placebo group; RR 0·88, 95% CI 0·74–1·05; 
p=0·16).

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

709 women had hysterectomies of which 608 (86%) 
were on the day of randomisation and 191 (27%) were 
within 1 h of randomisation (figure 2). The appendix 
shows the distribution of hysterectomy from hours since 
childbirth (appendix p 1). 578 (81%) of 709 hysterectomies 
were done to control bleeding. The risk of hysterectomy 
was not reduced with tranexamic acid (358 [3·6%] done in 
the tranexamic acid group vs 351 [3·5%] in the placebo 
group, RR 1·02, 95% CI 0·88–1·07; p=0·84). The risk of 
hysterectomy to control bleeding was not significantly 
reduced with tranexamic acid (283 [2·8%] tranexamic acid 
group vs 295 [3·0%] placebo group, RR 0·95, 95% CI 
0·81–1·12; p=0·57).

The primary endpoint of death from all causes or 
hysterectomy within 42 days of giving birth occurred in 
1080 women. Of these, 371 (34%) women died without 
undergoing a hysterectomy, 112 (10%) died after 
hysterectomy, and 597 (55%) survived after hysterectomy. 
The risk of death from all causes or hysterectomy was not 
reduced with tranexamic acid (534 [5·3%] tranexamic acid 
group vs 546 [5·6%] placebo group, RR 0·97, 95% CI 
0·87–1·09; p=0·65). After adjusting for baseline risk, the 
risk ratio for death from all causes or hysterectomy was 
0·98 (95% CI 0·87–1·10; p=0·75). There was no significant 
heterogeneity in the effect of tranexamic acid by time to 
treatment, type of birth or cause of bleeding (table 3).

The use of intrauterine tamponade, embolisation, 
manual removal of the placenta, and arterial ligation did 
not differ significantly between the tranexamic acid and 
the placebo group (table 4). Brace sutures were used 
more often in the tranexamic group (300 [3·0%] 
tranexamic acid group vs 250 [2·5%] placebo group; 
RR 1·19, 95% CI 1·01–1·41; p=0·035). 209 laparotomies 
were done after randomisation to control bleeding and 
achieve haemostasis of which 114 (55%) followed 
caesarean section births and 95 (45%) followed vaginal 

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

Risk ratio 
(95% CI)

Tranexamic 
acid group

Placebo group†

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

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

Primary cause of haemorrhage
 Uterine atony
 Other/unknown
p=0·36*

All patients
Two-sided p=0·045

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

 110/7083 (1·6%)
   45/2952 (1·5%)

   77/6428 (1·2%)
   78/3608 (2·2%)

 155/10 036 (1·5%)

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

 135/7108 (1·9%)
   55/2871 (1·9%)

 103/6333 (1·6%)
   88/3652 (2·4%)

 191/9985 (1·9%)

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

  0·82 (0·64–1·05)
 0·80 (0·54–1·18)

  
  0·74 (0·55–0·99)
 0·90 (0·66–1·21)

  0·81 (0·65–1·00)

1·00·60·4 1·4 1·61·20·8

Favours placeboFavours tranexamic acid

Tranexamic acid group Placebo group Risk ratio (95% CI)

Time from delivery (h)

≤1 253/4844 (5·2%) 229/4726 (4·9%) 1·08 (0·91–1·28)

>1–≤3 122/2672 (4·6%) 154/2682 (5·7%) 0·80 (0·63–1·00)

>3 159/2514 (6·3%) 161/2569 (6·3%) 1·01 (0·82–1·25)

p=0·11*

Type of delivery

Vaginal 255/7080 (3·6%) 288/7108 (4·1%) 0·89 (0·75–1·05)

Caesarean section 279/2951 (9·5%) 257/2873 (9·0%) 1·06 (0·90–1·24)

p=0·15*

Primary cause of haemorrhage

Uterine atony 249/6426 (3·9%) 274/6333 (4·3%) 0·90 (0·76–1·06)

Other or unknown 285/3606 (7·9%) 272/3652 (7·5%) 1·06 (0·90–1·24)

p=0·15*

All patients 534/10 032 (5·3%) 546/9985 (5·5%) 0·97 (0·87–1·09)

Two-sided p=0·65

Data are n (%) unless otherwise indicated. *p value from likelihood ratio test.

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

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

All women Women who gave birth vaginally Women who gave birth by caesarean section

Tranexamic 
acid group 
(n=10 032)

Placebo group 
(n=9985)

RR 
(95% CI)

p value Tranexamic 
acid group 
(n=7080)

Placebo 
(n=7108)

RR (95% CI) p value Tranexamic 
acid group 
(n=2951)

Placebo 
(n=2873)

RR (95% CI) p value

Intrauterine 
tamponade

705 (7·0%) 729 (7·3%) 0·96 
(0·87–1·06)

0·45 519 (7·3%) 547 (7·7%) 0·95 
(0·85–1·07)

0·41 186 (6·3%) 182 (6·3%) 0·99 
(0·82–1·21)

0·96

Manual removal 
of placenta

918 (9·2%) 961 (9·6%) 0·95 
(0·87–1·04)

0·25 745 (10·5%) 779 (11·0%) 0·96 
(0·87–1·06)

0·40 173 (5·9%) 182 (6·3%) 0·93 
(0·76–1·13)

0·45

Embolisation 10 (0·1%) 13 (0·1%) 0·77 
(0·34–1·75)

0·52 4 (0·06%) 7 (0·1%) 0·57 
(0·17–1·96)

0·37 6 (0·2%) 6 (0·2%) 0·97 
(0·31–3·02)

0·96

Brace sutures 300 (3·0%) 250 (2·5%) 1·19 
(1·01–1·41)

0·035 50 (0·7%) 50 (0·7%) 1·00 
(0·68–1·48)

0·98 250 (8·5%) 200 (7·0%) 1·22 
(1·02–1·46)

0·031

Arterial ligation 225 (2·2%) 254 (2·5%) 0·88 
(0·74–1·05)

0·16 57 (0·8%) 65 (0·9%) 0·88 
(0·62–1·25)

0·48 168 (5·7%) 189 (6·6%) 0·87 
(0·71–1·06)

0·16

Laparotomy 
for bleeding

82 (0·8%) 127 (1·3%) 0·64 
(0·49–0·85)

0·002 37 (0·5%) 58 (0·8%) 0·64 
(0·42–0·97)

0·032 45 (1·5%) 69 (2·4%) 0·63 
(0·44–0·92)

0·016

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

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

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

Risk ratio 
(95% CI)

Tranexamic 
acid group

Placebo group

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

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

Primary cause of haemorrhage
 Uterine atony
 Other/unknown
p=0·873*

All patients
Two-sided p=0·002
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      35/2682 (1·3%)
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   58/7108 (0·8%)
   69/2873 (2·4%)

   58/6333 (0·9%)
   69/3652 (1·9%)
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 0·48 (0·29–0·79)
 0·54 (0·31–0·95)
 0·89 (0·59–1·35)

 0·64 (0·42–0·97)
 0·63 (0·44–0·92)

 0·63 (0·42–0·95)
 0·66 (0·45–0·96)

 0·64 (0·49–0·85)

1·00·60·4 1·4 1·61·20·8

Favours placeboFavours tranexamic acid
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measure completed. 57 additional adverse events were 
reported (appendix p 2).

Discussion
The administration of tranexamic acid to women with 
post-partum haemorrhage reduces deaths due to 
bleeding and laparotomy to control bleeding with no 
evidence of any adverse effects or complications. When 
given soon after delivery, tranexamic acid reduces death 
due to bleeding by nearly one third. 

Our study had several strengths but also some 
limitations. The randomisation method ensured that 
participating doctors had no foreknowledge of the 
treatment allocation. Baseline prognostic factors were 
well balanced and results adjusted for baseline risk were 
similar to the unadjusted analyses. Because almost all 
randomly assigned patients were followed up there is 
little potential for bias. We originally planned to enrol 
15 000 women to assess the effect of tranexamic acid on 
a composite primary endpoint of death from all-causes 
or hysterectomy within 42 days of giving birth. However, 
during the trial it became apparent that the decision to 

conduct a hysterectomy was often made at the same 
time as the decision to enrol a women into the trial. 
Although we excluded hysterectomies done before 
randomisation, we could not exclude those in which the 
decision to conduct a hysterectomy was made at the 
same time as the decision to randomise or before the 
trial treatment had been received. We predicted that this 
would dilute the effect of tranexamic acid on the risk of 
hysterectomy. There would also be dilution from 
hysterectomies done several days after birth for reasons 
other than to prevent life-threatening bleeding. With 
these concerns in mind, we increased the sample size 
from 15 000 to 20 000 patients in the hope that the trial 
would have enough power to detect a reduction in post-
partum haemorrhage death.17

There was a statistically significant reduction in death 
due to bleeding with tranexamic acid with no significant 
increase or decrease in any other cause of death. Because 
more than one quarter of deaths were not due to bleeding, 
the reduction in all-cause mortality with tranexamic acid, 
which is a weighted average of its effect on bleeding and 
non-bleeding deaths, was not statistically significant. 
Indeed, considering that one quarter of deaths after post-
partum haemorrhage are not bleeding related, it would 
require trials many times larger than ours to show a 
statistically significant reduction in all-cause mortality.18 

Nevertheless, because the relative contributions of 
bleeding and non-bleeding (eg, sepsis) deaths to all-cause 
mortality will vary by region or between hospitals, the 
effect on all-cause mortality is not generalisable. For 
example, tranexamic acid will have a larger effect on all-
cause mortality in hospitals where sepsis death is rare 
than in hospitals where sepsis death is common. The 
effect of tranexamic acid on death due to bleeding is the 
generalisable measure. 

Although tranexamic acid did not prevent hysterectomy, 
it substantially reduced the number of laparotomies to 
control bleeding. While hysterectomy might be a last 
resort to control bleeding in high-income settings, in 
Africa and Asia where many women are anaemic and 
blood supplies are limited,19–21 hysterectomy is often an 
early intervention to prevent death from exsanguination. 
Furthermore, there would probably have been a delay 
between randomisation and the administration of the 
trial treatment, so that even though the decision to 
randomise might have preceded the decision to do a 
hysterectomy, in some cases the trial treatment would 
not have been received when the hysterectomy decision 
was made. On the other hand, laparotomies which often 
involve re-operation to control bleeding following 
caesarean section, are more commonly done after other 
interventions including the trial treatment have been 
given. This might have allowed sufficient time for 
tranexamic acid to affect the risk of laparotomy. 
Randomised trials in elective surgery also show large 
reductions in the need for re-operation to control 
bleeding with tranexamic acid.22

Tranexamic acid group Placebo group RR (95% CI) p value

Thromboembolic events* 10 033 9985 ..

Any event 30 (0·3%) 34 (0·3%) 0·88 (0·54–1·43) 0·603

Venous events 20 (0·2%) 25 (0·3%) 0·80 (0·44–1·43) 0·446

Deep vein thrombosis 3 (0·03%) 7 (0·07%) 0·43 (0·11–1·65) 0·203

Pulmonary embolism 17 (0·2%) 20 (0·2%) 0·85 (0·44–1·61) 0·611

Arterial events 10 (0·1%) 9 (0·09%) 1·11 (0·45–2·72) 0·827

Myocardial infarction 2 (0·02%) 3 (0·03%) 0·66 (0·11–3·97) 0·651

Stroke 8 (0·08%) 6 (0·06%) 1·33 (0·46–3·82) 0·599

Complications* 10 033 9985 .. ..

Renal failure 129 (1·3%) 118 (1·2%) 1·09 (0·85–1·39) 0·505

Cardiac failure 110 (1·1%) 115 (1·2%) 0·95 (0·73–1·23) 0·710

Respiratory failure 108 (1·1%) 124 (1·2%) 0·87 (0·67–1·12) 0·274

Hepatic failure 29 (0·3%) 30 (0·3%) 0·96 (0·58–1·60) 0·882

Sepsis 180 (1·8%) 185 (1·9%) 0·97 (0·79–1·19) 0·756

Seizure 33 (0·3%) 43 (0·4%) 0·76 (0·49–1·20) 0·242

Use of uterotonics 10 034 9984 .. ..

Received at least one 
type

9996 (99·6%) 9930 (99·5%) 1·00 (1·00–1·00) 0·090

Oxytocin 9940 (99·1%) 9865 (98·8%) 1·00 (1.00–1·01) 0·079

Ergometrine 4326 (43·1%) 4314 (43·2%) 1·00 (0·97–1·03) 0·891

Misoprostol 6707 (66·8%) 6717 (67·3%) 0·99 (0.97–1·01) 0·513

Prostaglandin 689 (6·9%) 722 (7·2%) 0·95 (0·86–1·05) 0·313

ED-5Q+ 9805 9728 .. ..

Mobility 30 (0·3%) 31 (0·3%) 0·96 (0·58–1·58) 0·874

Self-care 39 (0·4%) 31 (0·3%) 1·25 (0·78–2·00) 0·355

Usual activities 38 (0·4%) 44 (0·5%) 0·86 (0·56–1·32) 0·484

Pain/discomfort 13 (0·1%) 18 (0·2%) 0·72 (0·35–1·46) 0·357

Anxiety/depression 30 (0·3%) 29 (0·3%) 1·03 (0·62–1·71) 0·920

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

Table 5: Effect of tranexamic acid on thromboembolic events, complications, use of uterotonics, and 
quality of life
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Table 1 Updated WHO recommendation on tranexamic acid for the treatment of postpartum
haemorrhage

Early use of intravenous tranexamic acid (within 3 hours of birth) in addition to standard care is
recommended for women with clinically diagnosed postpartum haemorrhage following vaginal birth or
caesarean section. (Strong recommendation, moderate quality of evidence)

Remarks

Based on the dosing regimen used in the WOMAN trial, the GDG supports the administration of tranexamic
acid (TXA) at a fixed dose of 1 g (100 mg/ml) intravenously (IV) at 1 ml per minute (i.e. administered over
10 minutes), with a second dose of 1 g IV if bleeding continues after 30 minutes, or if bleeding restarts
within 24 hours of completing the first dose.

The WOMAN trial defined “clinically diagnosed postpartum haemorrhage” as clinically estimated blood
loss of more than 500 ml after a vaginal birth or 1000 ml after caesarean section, or any blood loss
sufficient to compromise haemodynamic stability.

Based on evidence from the WOMAN trial, the reference point for the start of the 3-hour window for
starting TXA administration is time of birth. If time of birth is unknown, the best estimate of time of birth
should be used as the reference point. As most deaths due to postpartum haemorrhage (PPH) occur within
the first 2 to 3 hours after birth, it is critical that TXA is given as soon as possible to achieve clinical
benefits.

Analysis of the effects of timing of administration in the WOMAN trial, as well as an individual participant
data (IPD) meta-analysis of 40 138 bleeding patients (including WOMAN trial participants), indicates that
TXA administration beyond 3 hours does not confer any clinical benefit. Furthermore, the point estimates of
effect of TXA use beyond 3 hours on death for trauma or after PPH were both in the direction of harm,
albeit not statistically significant for women with PPH. In view of this evidence, the GDG does not support
the use of TXA more than 3 hours after birth.

Administration of TXA should be considered as part of the standard PPH treatment package. Standard care
in the context of this recommendation includes routine care for PPH treatment, including fluid replacement,
medical (uterotonics), monitoring of vital signs, nonsurgical (e.g. bimanual compression, intrauterine
balloon tamponade, nonpneumatic antishock garment, aortic compression) and surgical interventions (e.g.
brace sutures, arterial ligation, or hysterectomy) in accordance with WHO guidelines or adapted local PPH
treatment protocols.

TXA should be used in all cases of PPH, regardless of whether the bleeding is due to genital tract trauma or
other causes.

The use of TXA should be avoided in women with a clear contraindication to antifibrinolytic therapy
(including TXA) (e.g. a known thromboembolic event during pregnancy).

This recommendation applies only to IV use. The evaluation of benefits and potential harms of other routes
of TXA administration is a research priority.

· 1g acide tranexamique sur 10 minutes
ê À répéter si saignement après 30 min
ê À répéter si reprend dans le premier 24 heures

· Toutes causes d’hémorragie post partum

· Contre-indication idem thérapie 
antifibrinolytique

· Doit être disponible

· Autres voies d’administration à étudier
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Regardless of the level of health system resources, TXA should be recognized as a life-saving intervention
and be made readily available for the management of PPH in settings where emergency obstetric care is
provided.

From: Executive Summary

WHO Recommendation on Tranexamic Acid for the Treatment of Postpartum
Haemorrhage.
Geneva: World Health Organization; 2017.
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for vaginal deliveries. A systemic review and meta-analy-
sis by Li et al is evaluated prophylactic TXA for preven-
tion of PPH. Three of the 25 trials included vaginal
deliveries. This study showed that total postpartum
blood loss was reduced for patients that received pro-
phylactic TXA, with a mean reduction of 85 mL within
2 hours of delivery measured using a combination of
graduated collecting containers and weighted sponges.
There was a reduced occurrence of PPH (defined as
greater than 500 mL blood loss; risk ratio [RR], 0.37;
95% confidence interval [CI], 0.20–0.67); however,
the need for a blood transfusion was not impacted.
The author of this study noted that the results were un-
derpowered due to the small sample sizes from which
data were extracted.23

The TRAAP (Tranexamic Acid for the Prevention of
Postpartum Hemorrhage After Vaginal Delivery) trial is
a recent multicenter, double-blind trial of 3891 women
randomized to receive either prophylactic TXA versus
placebo to evaluate postpartum bleeding outcomes in
patients who had a vaginal delivery.24 Inclusion criteria
were singleton gestations greater than 35 weeks' gesta-
tion that underwent a vaginal delivery. Patients received
1 g intravenous (IV) TXAwithin 2 minutes of delivery.

This study showed a lower incidence of PPH in the TXA
group compared with placebo (6.6% vs 8.8%, P = 0.01),
a reduced need for uterotonics (7.3% vs 9.7%, P =
0.003), and a lower incidence of clinically significant
PPH according to providers' subjective impression
(7.8% vs 10.4%, P = 0.04). One thrombotic event oc-
curred in the TXA group compared with 4 events in
the placebo group; however, this was not statistically
significant (RR, 0.25; 95% CI, 0.03–2.23; P = 0.2). Of
note, nausea and vomiting were more common in the
TXA group compared with placebo, although the rate
of administration was faster than typically recom-
mended (7.0% vs 3.2%, P < 0.001).
An additional Cochrane review meta-analysis by

Novikova et al25 evaluated the efficacy of TXA used
prophylactically in reducing postpartum blood loss af-
ter a vaginal delivery (TXA vs placebo vs no interven-
tion). This review found that the effect of TXA on
blood loss greater than 500 mL was more pronounced
in vaginal deliveries (RR, 0.42; 95% CI, 0.28–0.63)
compared with cesarean deliveries (RR, 0.55; 95% CI,
0.44–0.69). However, prophylactic treatment with
TXA was not effective in decreasing the incidence of
blood loss greater than 1000mL. In addition, predelivery

TABLE 1
Summary of TXA Trials for the Prevention and Treatment of PPH

Study Country N Dose of TXA Timing

TXA for Prophylaxis of PPH–Vaginal Delivery
Yang (2001) China 181 1 g Over 2–3 min after

delivery of fetus
Gungorduk (2013) Turkey 441 1 g Over 5 min at delivery

of anterior shoulder
Mirghafourvand (2015) Iran 120 1 g Over 10 min at delivery

of anterior shoulder
TRAAP trial (2015–2016) France 4,070 1 g Within 2 min after

vaginal delivery
TXA for prophylaxis of PPH–cesarean delivery
Gai (2004) China 180 1 g 10 min before incision

over 5 min
Gohel (2007) India 100 1 g 10 min before incision

over 5 min
Movafegh (2011) Iran 100 10 mg/kg 20 min before spinal
Gungorduk (2011) Turkey 660 1 g At least 10 min prior to

skin incision
Xu (2013) China 174 10 mg/kg 10–20 min before spinal
Goswami (2013) Saudi Arabia 90 10 or 15 mg/kg 20 min before skin incision
Abdel-Aleem (2013) Egypt 740 1 g 10 min before cesarean
Senturk (2013) Turkey 225 1 g 1 h prior to cesarean
Shahid (2013) Pakistan 74 10 mg/kg 10 min before spinal
Ahmed (2014) Egypt 124 10 mg/kg 5 min before cesarean
MFMU Network trial (2018) US 11,000 1 g At the time of cord clamp

in cesarean delivery
TXA for treatment of PPH
Ducloy-Bouthors (2011) France 144 4 g (plus 1 g/h) —
WOMAN trial (2009–2016) Worldwide 20,060 1 g (plus repeat 1 g if ongoing hemorrhage) —
Gillissen (2017) Netherlands 1260 1 g (plus repeat 1 g if ongoing hemorrhage) —
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prophylaxis with TXA did not have an impact on trans-
fusion rates. Importantly, this study again demonstrates
no difference in the incidence of thromboembolic events
in patients who received TXA (RR, 0.98; 95% CI,
0.14–6.78; 11 trials, 3012 participants).
In summary, prophylactic TXA use has been shown

to produce a statistically significant decrease in postpar-
tum blood loss; however, this may not convey clinical
significance in terms of transfusion rates and maternal
comorbidity from severe hemorrhage. Currently, there
is no consensus regarding the optimal timing or dos-
ing of prophylactic TXA for vaginal deliveries. The
standard dose used in most studies is 1 g IV adminis-
tered at delivery of the anterior shoulder or complete
expulsion. Unfortunately, due to the limited availability
of generalizable high-quality evidence, we cannot jus-
tify the widespread use of prophylactic TXA use for
prevention of PPH in vaginal deliveries. Larger, well-
designed RCTs are required to help formulate guideline
recommendations.

PROPHYLACTIC TXA USE IN
CESAREAN DELIVERY

Cesarean delivery rates have increased to as high as
25% to 30% in many developing regions of the world,
with accompanying increases in the incidence of
PPH.26–30 As such, there is significant interest among
obstetricians in finding effective tools for managing
blood loss during cesarean delivery, including the use
of prophylactic TXA. Three recent large meta-analyses
demonstrate that prophylactic TXA at the time of cesar-
ean delivery may be helpful in reducing blood loss and
conferring additional secondary advantages.25,31,32

A study by Simonazzi et al31 is a large meta-analysis
of 9 RCTs that compared prophylactic TXA versus ei-
ther control or placebo in 2365 cesarean deliveries.
Compared with the group without intervention, patients
who received prophylactic TXA had significantly less
postpartum blood loss (−160.27; 95% CI, −224.63 to
−95.92), a lower drop in hemoglobin (−0.61 g/dL;
95% CI, −1.04 to −0.18), and a lower incidence of
PPH and severe PPH compared with controls. In

addition, prophylactic TXA use was associated with
a reduced need for additional uterotonics compared
with controls (4.2% vs 7.3%; RR, 0.54; 95% CI,
0.36–0.81). The percentage of patients requiring blood
transfusion during or after cesarean delivery was signif-
icantly lower in the TXA group (1.9% vs 5.7%; RR,
0.33; 95% CI, 0.19–0.58). The adverse outcomes
showed no significant difference: 2 patients in the inter-
vention group and 2 in the placebo group experienced
thromboembolic events (Table 2). This study was unique
in that it had broader inclusion criteria, includingmultiple
gestation pregnancies, aswell as both laboring and planned
cesarean deliveries. However, clinical heterogeneity
may have conflicted the results due to differences in
TXA dosing, timing of intervention, and methods for
measuring blood loss among the included studies.
A widely referenced study by Wang et al is a large

meta-analysis of 11 RCTs using planned TXA use be-
fore scheduled cesarean deliveries.32 This study also
showed that TXA intervention significantly reduced
intraoperative blood loss during and after cesarean de-
livery without an increase in thromboembolic events;
this reduction was similar for both 1 g dosing and
weight-based TXA dosing regimens. Similar to the
meta-analysis by Simonazzi et al, prophylactic TXA
was associated with a lower incidence of PPH, a smaller
drop in postpartum hemoglobin, and a reduced require-
ment for blood transfusion.
A third large meta-analysis of prophylactic TXA use

at the time of cesarean delivery, published as a
Cochrane Review, produced similar outcomes to other
large meta-analyses.25 For scheduled elective cesarean
deliveries, TXA use was effective in reducing the inci-
dence of PPH and blood transfusion requirements. As in
other studies, gastrointestinal adverse effects, such as nau-
sea and vomiting, were the most common adverse out-
comes. Of note, the authors concluded that the studies
were too small and underpowered to detect the effect of
TXA on risk of maternal death or thromboembolism.
On literature review, similar outcomes are described

among small RCTs of TXA use before cesarean
delivery.33–37 The available evidence suggests that rou-
tine TXA use before cesarean delivery may be a

TABLE 2
TXA Use for the Prevention of PPH a Summary Table of Recent Meta-analyses

Study No. Trials Delivery Mode Blood Loss >1000 mL Transfusion VTE

Novikova et al (2015) 12 VD RR, 0.28 (95% CI, 0.06–1.36) RR, 0.33 (95% CI, 0.03–3.17) RR, 0.98 (95% CI, 0.14–6.78)
CD RR, 0.43 (95% CI, 0.23–0.78)* RR, 0.23 (95% CI, 0.10–0.54)*

Simonazzi et al (2016) 9 CD RR, 0.42 (95% CI, 0.19–0.92)* RR, 0.33 (95% CI, 0.19–0.58)* RR, 0.98 (95% CI, 0.13–7.09)
Wang et al (2015) 11 CD RR, 0.43 (95% CI, 0.20–0.92)* RR, 0.23 (95% CI, 0.10–0.57)* —

*Found to be significant.
VD, tranvaginal delivey; CD, cesarean delivery.
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Table 2. Primary and Secondary Outcomes (Modified Intention-to-Treat Population).

Outcome or Event

Tranexamic Acid 
Group 

(N = 1945)

Placebo 
Group 

(N = 1946)
Risk Ratio 
(95% CI)

Difference 
(95% CI)* P Value

Unadjusted Adjusted†

Primary outcome — no./total no. (%)‡ 156/1921 (8.1) 188/1918 (9.8) 0.83 (0.68 to 1.01) −1.7 (−3.5 to 0.1) 0.07 —
Clinically significant postpartum hemorrhage,  

according to provider — no. (%)
151 (7.8) 203 (10.4) 0.74 (0.61 to 0.91) −2.7 (−4.5 to −0.7) 0.004 0.04

Additional uterotonic agent for excessive  
bleeding — no. (%)

141 (7.2) 189 (9.7) 0.75 (0.61 to 0.92) −2.5 (−4.2 to −0.7) 0.006 0.04

Severe postpartum hemorrhage —  
no./total no. (%)§

47/1921 (2.4) 57/1918 (3.0) 0.82 (0.56 to 1.21) −0.5 (−1.6 to 0.5) 0.32 0.59

Blood loss — ml¶
At 15 min 130.5±144.3 135.3±149.8 — −4.7 (−14.1 to 4.6) 0.32 0.59
At bag removal 199.1±261.2 210.4±256.1 — −11.3 (−27.7 to 5.0) 0.17 0.46
Estimated total 220.3±280.4 236.9±291.6 — −16.7 (−34.7 to 1.4) 0.07 0.23

Blood transfusion — no. (%) 17 (0.9) 18 (0.9) 0.94 (0.49 to 1.83) −0.1 (−0.6 to 0.5) 0.87 0.88
Arterial embolization or surgery for postpartum 

hemorrhage — no. (%)
3 (0.2) 5 (0.3) 0.60 (0.14 to 2.51) −0.1 (−0.4 to 0.2) 0.73 0.86

Hemoglobin∥
Peripartum change — g/dl −0.77±1.23 −0.79±1.28 — 0.02 (−0.06 to 0.10) 0.64 0.83
Decrease >2 g/dl 269 (14.6) 274 (15.2) 0.96 (0.82 to 1.12) −0.6 (−2.9 to 1.8) 0.63 0.83

Hematocrit**
Peripartum change — percentage points −2.05±3.89 −2.03±4.11 — −0.02 (−0.29 to 0.25) 0.88 0.88
Decrease >10 percentage points — no. (%) 47 (2.7) 53 (3.1) 0.88 (0.59 to 1.29) −0.4 (−1.5 to 0.7) 0.50 0.82

*  Differences between rates are presented in percentage points, and differences between mean values are presented in the unit of the mean values.
†  The P value was adjusted post hoc for multiple testing with the use of the Benjamini–Hochberg procedure.
‡  The primary outcome was postpartum hemorrhage, defined as blood loss of at least 500 ml, measured with a graduated collector bag. In the modified intention-to-treat population, 

data on the primary outcome were missing for 24 women in the tranexamic acid group and for 28 in the placebo group because no collector bag was available.
§  Severe postpartum hemorrhage was defined as blood loss of at least 1000 ml.
¶  Data on blood loss at 15 minutes were available for 1898 participants in the tranexamic acid group and for 1900 in the placebo group; data on blood loss at bag removal were avail-

able for 1921 and 1918, respectively; and data on estimated total blood loss were available for 1931 and 1927, respectively.
∥  Data on hemoglobin levels were available for 1837 participants in the tranexamic acid group and for 1802 in the placebo group. The prepartum hemoglobin level was measured be-

tween 8 months of gestation and arrival at the labor ward in 1459 women (79.4%) in the tranexamic acid group and in 1451 (80.5%) in the placebo group; at arrival in the labor ward 
in 159 (8.7%) and 124 (6.9%), respectively; and between 5 and 7 months of gestation in 202 (11.0%) and 209 (11.6%), respectively. The postpartum hemoglobin level was measured 
on day 2 in 1656 women (90.1%) in the tranexamic acid group and in 1642 (91.1%) in the placebo group and on day 1 or day 3 in 164 (8.9%) and 142 (7.9%), respectively. In women 
who underwent blood transfusion after delivery (17 women in the tranexamic acid and 18 in the placebo group), one unit of packed red cells was considered to indicate a decrease in 
the hemoglobin level of 1 g per deciliter.

**  Data on the hematocrit were available for 1746 participants in the tranexamic acid group and for 1725 in the placebo group. The prepartum hematocrit was measured from 8 months 
of gestation until arrival at the labor ward in 1382 women (79.2%) in the tranexamic acid group and in 1386 (80.3%) in the placebo group; at arrival at the labor ward in 168 (9.6%) 
and 129 (7.5%), respectively; and between 5 and 7 months of gestation in 179 (10.3%) and 192 (11.1%), respectively. The postpartum hematocrit was measured on day 2 in 1581 
(90.5%) women in the tranexamic acid and in 1573 (91.2%) in the placebo group and on day 1 or day 3 in 148 (8.5%) and 134 (7.8%), respectively. In women who underwent blood 
transfusion after delivery, one unit of packed red cells was considered to indicate a decrease in the hematocrit of 5 percentage points.
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Tr anexamic Acid for Blood-Loss Prevention after Delivery

This trial included a large population of preg-
nant women, including many women who had 
risk factors for postpartum hemorrhage, and ap-
plied relatively few exclusion criteria; thus, the re-
sults appear to be generalizable to women with 
vaginal delivery who are receiving care in similar 
facilities. Postpartum blood loss was determined 
objectively,23,24 since it was measured in a gradu-
ated collector bag24,27 rather than being visually 
estimated. Several studies have shown visual esti-
mation to be an unreliable method.25,32-36

Vomiting or nausea was significantly more 
frequent in the tranexamic acid group than in 
the placebo group, but none of the cases were 
judged to be severe. There were no significant 
between-group differences in the rates of throm-
boembolic events within 3 months after treatment. 
Although the trial was not powered to detect be-
tween-group differences in the rates of these 
events, the very low frequency of these events 
provides reassurance regarding the safety of 
tranexamic acid.

This trial has some limitations. Blood tests for 
the measurement of the hemoglobin level and he-

matocrit before delivery were performed as part 
of routine prenatal care, mostly in out-of-hospital 
laboratories and therefore without standardized 
timing. The trial did not have sufficient power to 
assess the effect of tranexamic acid on the rates 
of severe postpartum hemorrhage and of the use 
of interventions to treat it. Moreover, the defini-
tion of postpartum hemorrhage as blood loss of 
more than 500 ml instead of as blood loss of at 
least 500 ml might have affected the result for 
the primary outcome; this suspected threshold 
effect is an important consideration in the defi-
nition of outcomes in future trials. Finally, our 
trial was not designed to account for multiple 
testing. We conducted a post hoc adjustment for 
multiple testing for the analysis of secondary out-
comes and for subgroup analyses. Nevertheless, 
these results should be viewed as exploratory in 
nature.

We found lower rates of provider-assessed 
clinically significant postpartum hemorrhage and 
of the use of additional uterotonic agents for 
bleeding — markers of postpartum hemorrhage 
that reflected the clinical judgment of health 

Subgroup
Tranexamic Acid 

Group
Placebo 
Group

Relative Risk 
(95% CI) P Value

Interaction* Unadjusted Adjusted†

no./total no. (%)

Type of vaginal delivery 0.17

Operative 32/340 (9.4) 48/327 (14.7) 0.64 (0.42–0.98) 0.04 0.20

Spontaneous 124/1581 (7.8) 140/1591 (8.8) 0.89 (0.71–1.12) 0.33 0.43

Episiotomy 0.34

Yes 57/452 (12.6) 76/439 (17.3) 0.73 (0.53–1.00) 0.049 0.20

No 99/1469 (6.7) 112/1479 (7.6) 0.89 (0.69–1.15) 0.38 0.43

History of postpartum hemor-
rhage‡

0.25

Yes 23/91 (25.3) 14/82 (17.1) 1.48 (0.82–2.68) 0.19 0.38

No 48/817 (5.9) 48/801 (6.0) 0.98 (0.67–1.45) 0.92 0.92

Known risk factors for postpar-
tum hemorrhage§

0.75

Yes 80/557 (14.4) 92/545 (16.9) 0.85 (0.65–1.12) 0.25 0.40

No 76/1364 (5.6) 96/1373 (7.0) 0.80 (0.60–1.07) 0.13 0.35

*  The P value for interaction was determined by the Mantel–Haenszel test.
†  The P value was adjusted post hoc for multiple testing with the use of the Benjamini–Hochberg procedure.
‡  History of postpartum hemorrhage was assessed in multiparous women.
§  This subgroup was defined according to whether the participant had at least one risk factor for postpartum hemorrhage with an odds ratio 

of 3 or more in the literature (i.e., history of postpartum hemorrhage, gestational hypertensive disorder, or episiotomy).30

Table 3. Prespecified Subgroup Analyses for the Primary Outcome (Modified Intention-to-Treat Population).
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care providers — in the tranexamic acid group 
than in the placebo group, but such findings 
were not observed in other secondary measures 
of blood loss. Three smaller, randomized trials 
have assessed the use of tranexamic acid to pre-
vent blood loss after vaginal delivery.37-39 A meta-
analysis combining these trials showed that the 
risk of postpartum hemorrhage, defined as blood 
loss of more than 400 ml or blood loss of more 
than 500 ml, was 58% lower with tranexamic 
acid than with control (placebo or standard care) 
(relative risk, 0.42; 95% CI, 0.28 to 0.63).40 How-
ever, substantial methodologic deficiencies relating 
to blinding, methods for outcome assessment, and 
attrition bias make these results inconclusive.5,13-18,40

Given the proven preventive effect of tranexamic 

acid against blood loss in various elective surger-
ies,6,7 we had anticipated that this agent might be 
more likely to reduce the incidence of the primary 
outcome among women in whom vaginal deliv-
ery involved interventions (episiotomy or opera-
tive vaginal delivery) than among those in whom 
delivery did not involve such interventions. How-
ever, we did not find significant interactions with 
these variables, with a history of postpartum 
hemorrhage, or with a known risk of postpartum 
hemorrhage. Our trial was not powered to per-
form analyses in these subgroups. Large trials are 
needed to test the preventive effect of tranexamic 
acid in traumatic deliveries, such as vaginal deliv-
ery with episiotomy or instruments and cesarean 
delivery.

Event
Tranexamic Acid Group 

(N = 1945)
Placebo Group 

(N = 1946)
Relative Risk 

(95% CI) P Value

In the delivery room

Vomiting or nausea — no. (%) 136 (7.0) 63 (3.2) 2.16 (1.61–2.89) <0.001

Nausea — no. (%) 103 (5.3) 49 (2.5) 2.10 (1.51–2.94) <0.001

Vomiting — no. (%) 73 (3.8) 33 (1.7) 2.21 (1.47–3.32) <0.001

Photopsia — no. (%)* 4 (0.2) 6 (0.3) 0.67 (0.19–2.36) 0.53

Dizziness — no. (%) 40 (2.1) 30 (1.5) 1.33 (0.83–2.13) 0.23

Blood pressure — no./total no. (%)

Systolic ≥140 mm Hg 415/1597 (26.0) 378/1590 (23.8) 1.09 (0.97–1.23) 0.15

Diastolic ≥90 mm Hg 411/1594 (25.8) 406/1600 (25.4) 1.02 (0.90–1.14) 0.79

At 3 mo after delivery

Completed interviews at 3 mo — no. (%) 1844 (94.8) 1849 (95.0)

Thromboembolic event — no./total no. (%)

Any† 1/1844 (0.1) 4/1849 (0.2) 0.25 (0.03–2.24) 0.37

Deep-vein thrombosis 0/1844 1/1849 (0.1) — —

Pulmonary embolism 0/1844 0/1849 — —

Ovarian-vein thrombosis 0/1844 2/1849 (0.1) — —

Superficial-vein thrombosis 1/1844 (0.1) 1/1849 (0.1) — —

Seizure — no./total no. (%)‡ 1/1844 (0.1) 0/1849 — —

Readmission after discharge — no./total no. (%) 18/1844 (1.0) 16/1849 (0.9) 1.13 (0.58–2.21) 0.72

Anticoagulant therapy at and after discharge — 
no./total no. (%)

57/1830 (3.1) 56/1842 (3.0) 1.02 (0.71–1.47) 0.90

*  Photopsia was defined as a sensation of seeing lights, sparks, or flashes of color.
†  One woman in the tranexamic acid group had superficial phlebitis along a peripheral venous line at day 1 post partum. In the placebo 

group, one woman had superficial phlebitis along a peripheral venous line in the immediate postpartum period, two had thrombosis of the 
ovarian vein in the immediate postpartum period, and one had deep-vein thrombosis of the leg at day 30 post partum. No retinal vascular 
occlusion, myocardial infarction, stroke, or kidney failure occurred in either group.

‡  One woman in the tranexamic acid group had seizures at day 30 post partum in a context of sleep deprivation and acute alcohol intake.  
The clinical examination, computed tomographic scan of the head, and electroencephalogram were normal, and she received no additional 
treatment.

Table 4. Adverse Events (Modified Intention-to-Treat Population).
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for vaginal deliveries. A systemic review and meta-analy-
sis by Li et al is evaluated prophylactic TXA for preven-
tion of PPH. Three of the 25 trials included vaginal
deliveries. This study showed that total postpartum
blood loss was reduced for patients that received pro-
phylactic TXA, with a mean reduction of 85 mL within
2 hours of delivery measured using a combination of
graduated collecting containers and weighted sponges.
There was a reduced occurrence of PPH (defined as
greater than 500 mL blood loss; risk ratio [RR], 0.37;
95% confidence interval [CI], 0.20–0.67); however,
the need for a blood transfusion was not impacted.
The author of this study noted that the results were un-
derpowered due to the small sample sizes from which
data were extracted.23

The TRAAP (Tranexamic Acid for the Prevention of
Postpartum Hemorrhage After Vaginal Delivery) trial is
a recent multicenter, double-blind trial of 3891 women
randomized to receive either prophylactic TXA versus
placebo to evaluate postpartum bleeding outcomes in
patients who had a vaginal delivery.24 Inclusion criteria
were singleton gestations greater than 35 weeks' gesta-
tion that underwent a vaginal delivery. Patients received
1 g intravenous (IV) TXAwithin 2 minutes of delivery.

This study showed a lower incidence of PPH in the TXA
group compared with placebo (6.6% vs 8.8%, P = 0.01),
a reduced need for uterotonics (7.3% vs 9.7%, P =
0.003), and a lower incidence of clinically significant
PPH according to providers' subjective impression
(7.8% vs 10.4%, P = 0.04). One thrombotic event oc-
curred in the TXA group compared with 4 events in
the placebo group; however, this was not statistically
significant (RR, 0.25; 95% CI, 0.03–2.23; P = 0.2). Of
note, nausea and vomiting were more common in the
TXA group compared with placebo, although the rate
of administration was faster than typically recom-
mended (7.0% vs 3.2%, P < 0.001).
An additional Cochrane review meta-analysis by

Novikova et al25 evaluated the efficacy of TXA used
prophylactically in reducing postpartum blood loss af-
ter a vaginal delivery (TXA vs placebo vs no interven-
tion). This review found that the effect of TXA on
blood loss greater than 500 mL was more pronounced
in vaginal deliveries (RR, 0.42; 95% CI, 0.28–0.63)
compared with cesarean deliveries (RR, 0.55; 95% CI,
0.44–0.69). However, prophylactic treatment with
TXA was not effective in decreasing the incidence of
blood loss greater than 1000mL. In addition, predelivery

TABLE 1
Summary of TXA Trials for the Prevention and Treatment of PPH

Study Country N Dose of TXA Timing

TXA for Prophylaxis of PPH–Vaginal Delivery
Yang (2001) China 181 1 g Over 2–3 min after

delivery of fetus
Gungorduk (2013) Turkey 441 1 g Over 5 min at delivery

of anterior shoulder
Mirghafourvand (2015) Iran 120 1 g Over 10 min at delivery

of anterior shoulder
TRAAP trial (2015–2016) France 4,070 1 g Within 2 min after

vaginal delivery
TXA for prophylaxis of PPH–cesarean delivery
Gai (2004) China 180 1 g 10 min before incision

over 5 min
Gohel (2007) India 100 1 g 10 min before incision

over 5 min
Movafegh (2011) Iran 100 10 mg/kg 20 min before spinal
Gungorduk (2011) Turkey 660 1 g At least 10 min prior to

skin incision
Xu (2013) China 174 10 mg/kg 10–20 min before spinal
Goswami (2013) Saudi Arabia 90 10 or 15 mg/kg 20 min before skin incision
Abdel-Aleem (2013) Egypt 740 1 g 10 min before cesarean
Senturk (2013) Turkey 225 1 g 1 h prior to cesarean
Shahid (2013) Pakistan 74 10 mg/kg 10 min before spinal
Ahmed (2014) Egypt 124 10 mg/kg 5 min before cesarean
MFMU Network trial (2018) US 11,000 1 g At the time of cord clamp

in cesarean delivery
TXA for treatment of PPH
Ducloy-Bouthors (2011) France 144 4 g (plus 1 g/h) —
WOMAN trial (2009–2016) Worldwide 20,060 1 g (plus repeat 1 g if ongoing hemorrhage) —
Gillissen (2017) Netherlands 1260 1 g (plus repeat 1 g if ongoing hemorrhage) —
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prophylaxis with TXA did not have an impact on trans-
fusion rates. Importantly, this study again demonstrates
no difference in the incidence of thromboembolic events
in patients who received TXA (RR, 0.98; 95% CI,
0.14–6.78; 11 trials, 3012 participants).
In summary, prophylactic TXA use has been shown

to produce a statistically significant decrease in postpar-
tum blood loss; however, this may not convey clinical
significance in terms of transfusion rates and maternal
comorbidity from severe hemorrhage. Currently, there
is no consensus regarding the optimal timing or dos-
ing of prophylactic TXA for vaginal deliveries. The
standard dose used in most studies is 1 g IV adminis-
tered at delivery of the anterior shoulder or complete
expulsion. Unfortunately, due to the limited availability
of generalizable high-quality evidence, we cannot jus-
tify the widespread use of prophylactic TXA use for
prevention of PPH in vaginal deliveries. Larger, well-
designed RCTs are required to help formulate guideline
recommendations.

PROPHYLACTIC TXA USE IN
CESAREAN DELIVERY

Cesarean delivery rates have increased to as high as
25% to 30% in many developing regions of the world,
with accompanying increases in the incidence of
PPH.26–30 As such, there is significant interest among
obstetricians in finding effective tools for managing
blood loss during cesarean delivery, including the use
of prophylactic TXA. Three recent large meta-analyses
demonstrate that prophylactic TXA at the time of cesar-
ean delivery may be helpful in reducing blood loss and
conferring additional secondary advantages.25,31,32

A study by Simonazzi et al31 is a large meta-analysis
of 9 RCTs that compared prophylactic TXA versus ei-
ther control or placebo in 2365 cesarean deliveries.
Compared with the group without intervention, patients
who received prophylactic TXA had significantly less
postpartum blood loss (−160.27; 95% CI, −224.63 to
−95.92), a lower drop in hemoglobin (−0.61 g/dL;
95% CI, −1.04 to −0.18), and a lower incidence of
PPH and severe PPH compared with controls. In

addition, prophylactic TXA use was associated with
a reduced need for additional uterotonics compared
with controls (4.2% vs 7.3%; RR, 0.54; 95% CI,
0.36–0.81). The percentage of patients requiring blood
transfusion during or after cesarean delivery was signif-
icantly lower in the TXA group (1.9% vs 5.7%; RR,
0.33; 95% CI, 0.19–0.58). The adverse outcomes
showed no significant difference: 2 patients in the inter-
vention group and 2 in the placebo group experienced
thromboembolic events (Table 2). This study was unique
in that it had broader inclusion criteria, includingmultiple
gestation pregnancies, aswell as both laboring and planned
cesarean deliveries. However, clinical heterogeneity
may have conflicted the results due to differences in
TXA dosing, timing of intervention, and methods for
measuring blood loss among the included studies.
A widely referenced study by Wang et al is a large

meta-analysis of 11 RCTs using planned TXA use be-
fore scheduled cesarean deliveries.32 This study also
showed that TXA intervention significantly reduced
intraoperative blood loss during and after cesarean de-
livery without an increase in thromboembolic events;
this reduction was similar for both 1 g dosing and
weight-based TXA dosing regimens. Similar to the
meta-analysis by Simonazzi et al, prophylactic TXA
was associated with a lower incidence of PPH, a smaller
drop in postpartum hemoglobin, and a reduced require-
ment for blood transfusion.
A third large meta-analysis of prophylactic TXA use

at the time of cesarean delivery, published as a
Cochrane Review, produced similar outcomes to other
large meta-analyses.25 For scheduled elective cesarean
deliveries, TXA use was effective in reducing the inci-
dence of PPH and blood transfusion requirements. As in
other studies, gastrointestinal adverse effects, such as nau-
sea and vomiting, were the most common adverse out-
comes. Of note, the authors concluded that the studies
were too small and underpowered to detect the effect of
TXA on risk of maternal death or thromboembolism.
On literature review, similar outcomes are described

among small RCTs of TXA use before cesarean
delivery.33–37 The available evidence suggests that rou-
tine TXA use before cesarean delivery may be a

TABLE 2
TXA Use for the Prevention of PPH a Summary Table of Recent Meta-analyses

Study No. Trials Delivery Mode Blood Loss >1000 mL Transfusion VTE

Novikova et al (2015) 12 VD RR, 0.28 (95% CI, 0.06–1.36) RR, 0.33 (95% CI, 0.03–3.17) RR, 0.98 (95% CI, 0.14–6.78)
CD RR, 0.43 (95% CI, 0.23–0.78)* RR, 0.23 (95% CI, 0.10–0.54)*

Simonazzi et al (2016) 9 CD RR, 0.42 (95% CI, 0.19–0.92)* RR, 0.33 (95% CI, 0.19–0.58)* RR, 0.98 (95% CI, 0.13–7.09)
Wang et al (2015) 11 CD RR, 0.43 (95% CI, 0.20–0.92)* RR, 0.23 (95% CI, 0.10–0.57)* —

*Found to be significant.
VD, tranvaginal delivey; CD, cesarean delivery.

590 Obstetrical and Gynecological Survey

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

Bellos et al. Am J Obstet Gynecol 2022;226(4):510-523
Franchini et al. Blood Transus 2018;16:329-37
Li et al. Medecine (Baltimore) 2017;jan96(1):e5653
Ker et al. BJOG 2016;123:1745-52

Oseni et al. Pan Afr Med J 2021;39:34
Naeji et al. J Gynecol Obstet Hum Reprod 2021;50:101973



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 384;17 nejm.org April 29, 2021 1623

The authors’ full names, academic de-
grees, and affiliations are listed in the Ap-
pendix. Address reprint requests to Dr. 
Sentilhes at the Department of Obstet-
rics and Gynecology, Bordeaux University 
Hospital, Place Amélie Raba Léon, 33076 
Bordeaux, France, or at  loicsentilhes@ 
 hotmail . com.

*A list of the members and collaborators 
is provided in the Supplementary Ap-
pendix, available at NEJM.org.

Drs. Sénat and Le Lous contributed equal-
ly to this article.

N Engl J Med 2021;384:1623-34.
DOI: 10.1056/NEJMoa2028788
Copyright © 2021 Massachusetts Medical Society.

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

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

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

CONCLUSIONS
Among women who underwent cesarean delivery and received prophylactic utero-
tonic agents, tranexamic acid treatment resulted in a significantly lower incidence 
of calculated estimated blood loss greater than 1000 ml or red-cell transfusion by 
day 2 than placebo, but it did not result in a lower incidence of hemorrhage-related 
secondary clinical outcomes. (Funded by the French Ministry of Health; TRAAP2 
ClinicalTrials.gov number, NCT03431805.)
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Table 2. Primary and Secondary Outcomes in the Modified Intention-to-Treat Population.*

Outcome
Tranexamic Acid Group 

(N = 2222)
Placebo Group 

(N = 2209)
Unadjusted Difference 

(95% CI)†
Adjusted Risk Ratio or Mean 

Difference (95% CI)‡ P Value§

Postpartum hemorrhage — no./total no. (%)¶ 556/2086 (26.7) 653/2067 (31.6) −4.9 (−7.7 to −2.2) 0.84 (0.75 to 0.94) 0.003

Calculated estimated blood loss >1000 ml 550/2084 (26.4) 650/2066 (31.5) −5.1 (−7.8 to −2.3) 0.84 (0.75 to 0.94) —

Red-cell transfusion by day 2 35/2221 (1.6) 30/2209 (1.4) 0.2 (−0.5 to 0.9) 1.16 (0.71 to 1.89) —

Gravimetrically estimated blood loss — ml∥ 689±887 719±920 −30.6 (−90.2 to 29.0) −33.06 (−77.48 to 11.37) NS

Gravimetrically estimated blood-loss category  
— no./total no. (%)∥

>500 ml 1133/1774 (63.9) 1110/1754 (63.3) 0.6 (−2.6 to 3.8) 1.01 (0.93 to 1.09) —

>1000 ml 545/1774 (30.7) 521/1754 (29.7) 1 (−2 to 4) 1.03 (0.92 to 1.16) —

Clinically significant postpartum hemorrhage according to 
health care providers — no./total no. (%)

303/2220 (13.6) 327/2208 (14.8) −1.2 (−3.2 to 0.9) 0.92 (0.79 to 1.08) NS

Additional uterotonic agents for excessive bleeding  
— no./total no. (%)

130/2217 (5.9) 159/2206 (7.2) −1.3 (−2.8 to 0.1) 0.81 (0.64 to 1.03) NS

Blood transfusion — no./total no. (%) 42/2221 (1.9) 39/2208 (1.8) 0.1 (−0.7 to 0.9) 1.07 (0.69 to 1.66) NS

No. of red-cell units transfused 3.1±1.9 3.2±2.2 −0.1 (−1.0 to −0.08) −0.08 (−1.18 to 1.01) —

Postoperative iron sucrose infusion — no./total no. (%) 60/2196 (2.7) 44/2185 (2.0) 0.7 (−0.2 to 1.6) 1.35 (0.91 to 1.99) —

Arterial embolization, emergency surgery for postpartum 
 hemorrhage, or hysterectomy — no./total no. (%)**

13/2221 (0.6) 7/2209 (0.3) 0.3 (−0.1 to 0.7) 1.84 (0.73 to 4.62) NS

Transfer to intensive care unit — no./total no. (%) 32/2221 (1.4) 22/2209 (1.0) 0.4 (−0.2 to 1.1) 1.44 (0.83 to 2.47) —

Calculated estimated blood loss — ml†† 680±748 787±750 −107 (−152 to −61) −107 (−152 to −63) <0.001

Calculated estimated blood loss category — no./total no. (%)††

>500 ml 1213/2084 (58.2) 1326/2066 (64.2) −6.0 (−8.9 to −3.0) 0.91 (0.84 to 0.98) —

>1500 ml 215/2084 (10.3) 263/2066 (12.7) −2.4 (−4.4 to −0.5) 0.81 (0.68 to 0.97) —

Hemoglobin‡‡

Peripartum change — g/dl −1.2±1.2 −1.4±1.2 0.2 (0.1 to 0.3) 0.18 (0.11 to 0.25) <0.001

Peripartum decrease >2 g/dl — no./total no. (%) 397/2088 (19.0) 497/2071 (24.0) −5.0 (−7.5 to −2.5) 0.79 (0.69 to 0.90) —

Hematocrit††

Peripartum change — percentage points −3.5±3.7 −4.0±3.7 0.5 (0.3 to 0.8) 0.53 (0.31 to 0.75) <0.001

Peripartum decrease >10 percentage points  
— no./total no. (%)

66/2086 (3.2) 93/2071 (4.5) −1.3 (−2.5 to −0.2) 0.70 (0.51 to 0.97) —

*  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 448 women 
in the tranexamic acid group and 455 in the placebo group; on red-cell units transfused for 2180 and 2170, respectively; on calculated estimated blood loss for 138 and 143, respec-
tively; on peripartum change in hemoglobin level for 134 and 138, respectively; and on peripartum change in hematocrit for 136 and 138, respectively. NS denotes not significant (in 
accordance with the Benjamini–Hochberg procedure).
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tive or postoperative hematocrit or maternal 
weight was not available. Postpartum hemor-
rhage, defined as a calculated estimated blood 
loss greater than 1000 ml or red-cell transfusion 
by day 2, occurred in 556 of 2086 women 
(26.7%) in the tranexamic acid group and in 653 
of 2067 (31.6%) in the placebo group (adjusted 
risk ratio, 0.84; 95% confidence interval [CI], 
0.75 to 0.94; P = 0.003 with multiple imputation 
of missing values) (Table 2). Sensitivity analyses 
with missing values imputed as failures and with 
complete cases yielded similar results (Table S5).

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

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

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

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

 Maternal Satisfaction, Psychological Status, 
and Per-Protocol Analyses

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

 Discussion

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

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

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

Shown is the risk ratio for postpartum hemorrhage (PPH) (tranexamic acid 
vs. placebo), adjusted for randomization stratification variables (center and 
timing of the cesarean delivery). PPH was defined as a calculated estimated 
blood loss greater than 1000 ml or receipt of a red-cell transfusion within 
2 days after delivery. Women who were at risk for PPH were defined as those 
who had one or more risk factors for PPH with an odds ratio of at least 3 in 
the literature32: previous PPH, pregnancy-related hypertensive disorder, mul-
tiple pregnancy, or cesarean delivery during labor.
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No. of
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Table 3. Adverse Events (Safety Population).*

Event or Measure
Tranexamic Acid Group 

(N = 2190)
Placebo Group 

(N = 2177)
Unadjusted 

Difference (95% CI)†
Adjusted Risk Ratio or Mean 

Difference (95% CI)‡ P Value

Unadjusted Adjusted§

In the operating room or PACU

Vomiting or nausea — no. (%) 940/2186 (43.0) 786/2166 (36.3) 6.7 (3.8 to 9.6) 1.19 (1.08 to 1.30) <0.001 0.001

Photopsia — no. (%)¶ 8/2186 (0.4) 2/2166 (0.1) 0.3 (0.0 to 0.6) 3.92 (0.83 to 18.45) — —

Dizziness — no. (%) 93/2186 (4.3) 68/2166 (3.1) 1.1 (0.0 to 2.2) 1.35 (0.99 to 1.85) — —

Day 2 after delivery∥

Urea nitrogen — mmol/liter 3.5±1.6 3.5±1.5 0.0 (−0.1 to 0.1) 0.03 (−0.06 to 0.13) 0.47 NS

Creatinine — µmol/liter 55.1±12.1 55.6±11.3 −0.5 (−1.2 to 0.3) −0.41 (−1.11 to 0.30) 0.26 NS

Alanine aminotransferase >2× ULN — no. (%) 26/2042 (1.3) 19/2043 (0.9) 0.3 (−0.3 to 1.0) 1.37 (0.76 to 2.48) 0.29 NS

Aspartate aminotransferase >2× ULN — no. (%) 32/2047 (1.6) 34/2039 (1.7) −0.1 (−0.9 to 0.7) 0.94 (0.58 to 1.52) 0.79 NS

Up to 3 mo after delivery

Completed interviews at 3 mo — no. (%) 2047/2190 (93.5) 2056/2177 (94.4) — — — —

Deep-vein thrombosis or pulmonary embolism — no. 
(%)**

8/2049 (0.4)†† 2/2056 (0.1) 0.3 (0.0 to 0.6) 4.01 (0.85 to 18.92) 0.08 NS

Seizure — no. (%)‡‡ 1/2047 (<0.1) 1/2054 (<0.1) — — — —

*  Plus–minus values are means ±SD. The safety population included 2190 women who received tranexamic acid (2187 who had been randomly assigned to the tranexamic acid group 
and 3 who had been randomly assigned to the placebo group), and 2177 women who received placebo (2 who had been randomly assigned to the tranexamic acid group and 2175 
who had been randomly assigned to the placebo group). No retinal vascular occlusion, myocardial infarction, or kidney failure treated with dialysis 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 ratios and adjusted mean differences were estimated with the use of Poisson mixed-effects regression models and linear mixed-effects models, respectively, with system-

atic adjustment for randomization stratification variables (center and timing of cesarean delivery [before or during labor]).
§  P values were adjusted for multiple testing with the use of the Benjamini–Hochberg procedure; the secondary outcomes are listed in a logical order for clinicians and not in the order 

of the P values obtained through the Benjamini–Hochberg procedure (details are provided in Table S7). No P values are provided for outcomes for which the difference was not tested 
in accordance with the statistical analysis plan.

¶  Photopsia is the sensation of seeing lights, sparks, or colors.
∥  If no blood sample was available at 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 160 women in the tranexamic acid group and 170 
women in the placebo group, and data on creatinine at postpartum day 2 were not available for 173 women and 182 women, respectively.

**  In the tranexamic acid group, 7 women had pelvic-vein thromboses (ovarian vein in all cases), and 1 a central venous catheter in the internal jugular vein and subsequent thrombosis 
of this catheterized vein. In the placebo group, 1 woman had a pulmonary embolism and pelvic-vein thrombosis (left ovarian and renal veins), and 1 a deep-vein thrombosis in both 
legs.

††  The denominator (2049) differs from the numerator of the item “Completed interviews at 3 months” (2047) because 2 women had deep-vein thrombosis during the delivery hospital-
ization but did not complete the interview at 3 months.

‡‡  In the tranexamic acid group, 1 woman with preexisting diabetes mellitus treated with insulin-pump therapy had seizures at postpartum day 2 in the context of severe hypoglycemia. 
In the placebo group, 1 woman who had severe immediate postpartum hemorrhage had seizures at postpartum day 12. The clinical examinations, computed tomographic scans of 
the head, and electroencephalograms were normal in both women, and they received no additional treatment.
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BACKGROUND
Prophylactic use of tranexamic acid at the time of cesarean delivery has been 
shown to decrease the calculated blood loss, but the effect on the need for blood 
transfusions is unclear.

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

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

CONCLUSIONS
Prophylactic use of tranexamic acid during cesarean delivery did not lead to a 
significantly lower risk of a composite outcome of maternal death or blood trans-
fusion than placebo. (Funded by the Eunice Kennedy Shriver National Institute of 
Child Health and Human Development; ClinicalTrials.gov number, NCT03364491.)
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as a major secondary outcome), interventions for bleeding and related complica-
tions, the preoperative-to-postoperative change in the hemoglobin level, and post-
partum infectious complications. Adverse events were assessed.

RESULTS
A total of 11,000 participants underwent randomization (5529 to the tranexamic 
acid group and 5471 to the placebo group); scheduled cesarean delivery accounted 
for 50.1% and 49.2% of the deliveries in the respective groups. A primary-outcome 
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in 233 of 5470 (4.3%) in the placebo group (adjusted relative risk, 0.89; 95.26% 
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−1.8 g per deciliter and −1.9 g per deciliter, respectively (mean difference, −0.1 g 
per deciliter; 95% CI, −0.2 to −0.1); and postpartum infectious complications oc-
curred in 3.2% and 2.5% of the participants, respectively (relative risk, 1.28; 95% 
CI, 1.02 to 1.61). The frequencies of thromboembolic events and other adverse 
events were similar in the two groups.

CONCLUSIONS
Prophylactic use of tranexamic acid during cesarean delivery did not lead to a 
significantly lower risk of a composite outcome of maternal death or blood trans-
fusion than placebo. (Funded by the Eunice Kennedy Shriver National Institute of 
Child Health and Human Development; ClinicalTrials.gov number, NCT03364491.)
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Table 2. Primary and Secondary Outcomes.*

Outcome
Tranexamic Acid 

(N = 5525)
Placebo 

(N = 5470)
Relative Risk or Mean Difference 

(95% CI)†

Primary outcome: maternal death or blood transfusion by hospital discharge or 7 days 
post partum, whichever was earlier — no. (%)

201 (3.6) 233 (4.3)  0.89 (0.74 to 1.07)‡

Maternal death 0    1 (<0.1) —

Blood transfusion 201 (3.6) 232 (4.2) 0.86 (0.71 to 1.03)

Estimated blood loss >1 liter — no./total no. (%) 339/4641 (7.3) 368/4573 (8.0) 0.91 (0.79 to 1.05)

Intervention in response to bleeding and related complications by 7 days post partum 
— no. (%)

 892 (16.1)  986 (18.0) 0.90 (0.82 to 0.97)

Surgical or radiologic intervention by 7 days post partum — no. (%) 233 (4.2) 231 (4.2) 1.00 (0.84 to 1.19)

Uterotonic agent other than oxytocin by 48 hr post  
partum — no. (%)

 649 (11.7)  732 (13.4) 0.88 (0.80 to 0.97)

Open-label use of tranexamic acid by 7 days post partum — no. (%) 108 (2.0) 109 (2.0) 0.98 (0.75 to 1.28)

Transfusion of any blood product by 7 days post partum — no. (%) 205 (3.7) 238 (4.4) 0.85 (0.71 to 1.02)

Change in hemoglobin level — g/dl§ −1.8±1.1 −1.9±1.1 −0.1 (−0.2 to −0.1)

Transfusion of blood products other than packed red cells by 7 days post partum  
— no. (%)

 29 (0.5)  31 (0.6) 0.93 (0.56 to 1.53)

Blood transfusion of ≥4 units by 7 days post partum — no. (%)  20 (0.4)  19 (0.3) 1.04 (0.56 to 1.95)

Median postoperative duration of hospital stay (IQR) — days 3 (2 to 3) 3 (2 to 3) 0.0 (−0.1 to 0.0)

Acute kidney injury by 7 days post partum — no. (%)  30 (0.5)  27 (0.5) 1.10 (0.65 to 1.85)

Transfusion-associated reaction by 7 days post partum — no. (%)   5 (0.1)   3 (0.1)  1.65 (0.32 to 10.63)

Postpartum infectious complication by 6 wk — no./total no. (%) 162/5080 (3.2) 125/5009 (2.5) 1.28 (1.02 to 1.61)

Endometritis  54/5080 (1.1)  42/5009 (0.8) 1.27 (0.85 to 1.89)

Surgical-site infection 104/5080 (2.0)  81/5009 (1.6) 1.27 (0.95 to 1.69)

Pelvic abscess   7/5080 (0.1)   3/5009 (0.1) 2.30 (0.53 to 13.8)

*  Blood transfusion was defined as the transfusion of packed red cells or whole blood or use of a cell-saver autotransfusion device. IQR denotes interquartile range.
†  Relative risks are provided for analyses in which numbers and percentages of participants are reported, and mean differences for analyses in which mean or median values are reported. 

The primary-outcome analysis was adjusted for a preoperative hemoglobin level of less than 8 g per deciliter and used a 95.26% confidence interval (on the basis of a P-value threshold 
of less than 0.047). All the other analyses were unadjusted and used 95% confidence intervals.

‡  P = 0.19.
§  The change in hemoglobin level was assessed by comparing the most recent value obtained within 4 weeks before delivery to the lowest measurement obtained during the first 48 

hours post partum. Data were available for 5224 participants in the tranexamic acid group and for 5201 in the placebo group.
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Table 3. Safety Outcomes.*

Event
Tranexamic Acid 

(N = 5513)
Placebo 

(N = 5457)
Relative Risk 

(95% CI) P Value

Thromboembolic event, ischemic stroke, or myocardial infarction  
— no./total no. (%)

12/5069 (0.2) 13/4996 (0.3) 0.91 (0.42–1.99) 0.81

Thromboembolic event, venous or arterial†  8/5069 (0.2) 13/4996 (0.3) 0.61 (0.25–1.46) 0.26

Ischemic stroke   2/5069 (<0.1) 0/4996 — 0.50

Myocardial infarction   2/5069 (<0.1) 0/4996 — 0.50

New-onset seizure — no./total no. (%)   2/5069 (<0.1) 0/4996 — 0.50

Admission to ICU for more than 24 hr — no./total no. (%) 21/5069 (0.4) 17/4996 (0.3) 1.22 (0.64–2.30) 0.55

Maternal death — no./total no. (%)‡   2/5069 (<0.1)   2/4996 (<0.1) 0.99 (0.07–13.6) >0.99

Thromboembolic event, ischemic stroke, myocardial infarction, new-
onset seizure activity, admission to the ICU for more than  
24 hr, or maternal death — no./total no. (%)

35/5069 (0.7) 32/4996 (0.6) 1.08 (0.67–1.74) 0.76

Hospital readmission — no./total no. (%) 199/5069 (3.9) 162/4996 (3.2) 1.21 (0.99–1.48) 0.07

Any side effect — no. (%)§  616 (11.2)  667 (12.2) 0.91 (0.82–1.01) 0.09

Nausea 362 (6.6) 403 (7.4) 0.89 (0.78–1.02) 0.09

Vomiting 266 (4.8) 273 (5.0) 0.96 (0.82–1.14) 0.67

Dizziness 156 (2.8) 186 (3.4) 0.83 (0.67–1.02) 0.08

*  The safety population included all the participants who received tranexamic acid or placebo, according to the treatment they actually received. Risks of thromboembolic event, ischemic 
stroke, myocardial infarction, new-onset seizure, admission to intensive care unit (ICU) for more than 24 hours, maternal death, and hospital readmission were assessed until 6 weeks 
post partum.

†  All the thromboembolic events that occurred were venous.
‡  Of the four deaths, one (in the placebo group) occurred 1 day after delivery and was counted as part of the primary outcome (cause of death was undetermined). The other three deaths 

occurred after discharge, and the causes were septic shock of fungal cause (in the tranexamic acid group), trauma-induced injury (in the tranexamic acid group), and opioid overdose 
(in the placebo group).

§  The analysis of side effects included all the events that occurred by 24 hours post partum.

The N
ew

 England Journal of M
edicine 

D
ow

nloaded from
 nejm

.org on O
ctober 28, 2023. For personal use only. N

o other uses w
ithout perm

ission. 
 Copyright ©

 2023 M
assachusetts M

edical Society. A
ll rights reserved. 



Citation: Binyamin, Y.; Frenkel, A.;

Gruzman, I.; Lerman, S.; Bichovsky,

Y.; Zlotnik, A.; Stav, M.Y.; Erez, O.;

Orbach-Zinger, S. Prophylactic

Administration of Tranexamic Acid

Reduces Blood Products’ Transfusion

and Intensive Care Admission in

Women Undergoing High-Risk

Cesarean Sections. J. Clin. Med. 2023,

12, 5253. https://doi.org/10.3390/

jcm12165253

Academic Editor: Michael Froelich

Received: 10 July 2023

Revised: 7 August 2023

Accepted: 9 August 2023

Published: 12 August 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

Prophylactic Administration of Tranexamic Acid Reduces Blood
Products’ Transfusion and Intensive Care Admission in Women
Undergoing High-Risk Cesarean Sections
Yair Binyamin 1,* , Amit Frenkel 2 , Igor Gruzman 1, Sofia Lerman 1, Yoav Bichovsky 2, Alexander Zlotnik 1,
Michael Y. Stav 3, Offer Erez 4 and Sharon Orbach-Zinger 3

1 Department of Anesthesiology, Soroka University Medical Center, The Faculty of Health Sciences,
Ben-Gurion University of the Negev, Beer-Sheva 84101, Israel; igorgr@clalit.org.il (I.G.);
alekszl@clalit.org.il (A.Z.)

2 General Intensive Care Department, Soroka University Medical Center, The Faculty of Health Sciences,
Ben-Gurion University of the Negev, Beer-Sheva 84101, Israel; frenkela@clalit.org.il (A.F.);
bichovsk@gmail.com (Y.B.)

3 Department of Anesthesia, Beilinson Hospital, Rabin Medical Center Associated with Sakler Medical School,
Tel Aviv University, Tel Aviv 6423906, Israel; michaelstav86@gmail.com (M.Y.S.);
sharonorbach@yahoo.com (S.O.-Z.)

4 Division of Obstetrics and Gynecology, Soroka University Medical Center, The Faculty of Health Sciences,
Ben-Gurion University of the Negev, Beer-Sheva 84101, Israel; offererez@gmail.com

* Correspondence: yairben1@gmail.com; Tel.: +972-8-640-0727; Fax: +972-8-640-3390

Abstract: Postpartum hemorrhage (PPH) remains a major cause of maternal mortality. Tranexamic
acid (TxA) has shown effectiveness in reducing PPH-related maternal bleeding events and deaths.
We conducted a cohort study including parturient women at high risk of bleeding after undergoing
a cesarean section (CS). Participants were divided into two groups: the treatment group received
prophylactic 1-g TxA before surgery (n = 500), while the comparison group underwent CS without
TxA treatment (n = 500). The primary outcome measured increased maternal blood loss following
CS, defined as more than a 10% drop in hemoglobin concentration within 24 h post-CS and/or
a drop of �2 g/dL in maternal hemoglobin concentration. Secondary outcomes included PPH
indicators, ICU admission, hospital stay, TxA complications, and neonatal data. TxA administration
significantly reduced hemoglobin decrease by more than 10%: there was a 35.4% decrease in the
TxA group vs. a 59.4% decrease in the non-TxA group, p < 0.0001 and hemoglobin decreased by
�2 g/dL (11.4% in the TxA group vs. 25.2% in non-TxA group, p < 0.0001), reduced packed red
blood cell transfusion (p = 0.0174), and resulted in lower ICU admission rates (p = 0.034) and shorter
hospitalization (p < 0.0001). Complication rates and neonatal outcomes did not differ significantly. In
conclusion, prophylactic TxA administration during high-risk CS may effectively reduce blood loss,
providing a potential intervention to improve maternal outcomes.

Keywords: tranexamic acid; cesarean section; post-partum hemorrhage; prevention; hemoglobin;
hysterectomy; renal failure; prophylaxis

1. Introduction
During delivery, there is an activation of the fibrinolytic system, seen in the increased

plasma urokinase-plasminogen activator (u-PA) or tissue plasminogen activator (t-PA)
levels and decreased plasminogen activator inhibitor 1 (PAI-1) [1]. Previous studies have
shown that tranexamic acid (TxA) significantly reduced maternal death due to postpartum
hemorrhage (PPH) and reduced bleeding in cesarean and other surgeries [2–8]. A random-
ized control trial provide evidence of TXA reducing estimated blood loss (but not blood
loss based on gravimetric assessment) in patients undergoing cesarean delivery [9].
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Abstract: Postpartum hemorrhage (PPH) remains a major cause of maternal mortality. Tranexamic
acid (TxA) has shown effectiveness in reducing PPH-related maternal bleeding events and deaths.
We conducted a cohort study including parturient women at high risk of bleeding after undergoing
a cesarean section (CS). Participants were divided into two groups: the treatment group received
prophylactic 1-g TxA before surgery (n = 500), while the comparison group underwent CS without
TxA treatment (n = 500). The primary outcome measured increased maternal blood loss following
CS, defined as more than a 10% drop in hemoglobin concentration within 24 h post-CS and/or
a drop of �2 g/dL in maternal hemoglobin concentration. Secondary outcomes included PPH
indicators, ICU admission, hospital stay, TxA complications, and neonatal data. TxA administration
significantly reduced hemoglobin decrease by more than 10%: there was a 35.4% decrease in the
TxA group vs. a 59.4% decrease in the non-TxA group, p < 0.0001 and hemoglobin decreased by
�2 g/dL (11.4% in the TxA group vs. 25.2% in non-TxA group, p < 0.0001), reduced packed red
blood cell transfusion (p = 0.0174), and resulted in lower ICU admission rates (p = 0.034) and shorter
hospitalization (p < 0.0001). Complication rates and neonatal outcomes did not differ significantly. In
conclusion, prophylactic TxA administration during high-risk CS may effectively reduce blood loss,
providing a potential intervention to improve maternal outcomes.

Keywords: tranexamic acid; cesarean section; post-partum hemorrhage; prevention; hemoglobin;
hysterectomy; renal failure; prophylaxis

1. Introduction
During delivery, there is an activation of the fibrinolytic system, seen in the increased

plasma urokinase-plasminogen activator (u-PA) or tissue plasminogen activator (t-PA)
levels and decreased plasminogen activator inhibitor 1 (PAI-1) [1]. Previous studies have
shown that tranexamic acid (TxA) significantly reduced maternal death due to postpartum
hemorrhage (PPH) and reduced bleeding in cesarean and other surgeries [2–8]. A random-
ized control trial provide evidence of TXA reducing estimated blood loss (but not blood
loss based on gravimetric assessment) in patients undergoing cesarean delivery [9].
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Table 1. Cont.

Characteristic Tranexamic Acid
Group (N = 500)

No Tranexamic Acid
Group (N = 500) p Value

Twins 88 (17.6%) 81 (16.2%) 0.5552

Triplets 6 (1.2%) 3 (0.6%) 0.3173

Quadruplets 0 (0%) 1 (0.2%) 0.3173

Placenta previa 26 (5.2%) 19 (3.8%) 0.2846

Placenta accreta 6 (1.2%) 3 (0.6%) 0.3173
PPD—Postpartum depression.

Primary outcome: The rate of hemoglobin decrease by >10% was higher in the non-
TxA vs. the TxA group (Non-TxA group 59.4% (297/500) vs. TxA group 35.4% (177/500),
p < 0.0001). The rate of hemoglobin decrease by �2 gm/dL was higher in the non-TxA
group versus the TxA group (non-TxA 25.2% (126/500) vs. TxA11.4% (57/500), p < 0.0001)
(Table 2).

Table 2. Maternal outcomes.

Outcome
Tranexamic
Acid Group
(N = 500)

No Tranexamic
Acid Group
(N = 500)

p Value

Delta hemoglobin (gr/dL) 0.85 ± 1.02 1.42 ± 1.01 <0.0001

Hemoglobin decrease � 2 gr/dL—no (%) 57 (11.4%) 126 (25.2%) <0.0001

Hemoglobin drop >10%—no (%) 177(35.4%) 297 (59.4%) <0.0001

Estimated blood loss% (mL) 705.2 ± 178.06 766.82 ± 172.48.26 <0.0001

Estimated blood loss > 1000 mL—no (%) 42 (8.4%) 53 (10.6%) 0.2808

Emergent hysterectomy—no (%) 3 (0.6%) 3 (0.6%) 1

Packed red blood cell transfusion during
surgery—no (%) 7 (1.4%) 15 (3%) 0.1313

Packed red blood cell transfusion during
surgery above 3 units 1 (0.2%) 3 (0.6%) 0.3173

FFP transfusion during surgery—no (%) 5 (1%) 9 (1.8%) 0.4194

Cryoprecipitate transfusion during
surgery—no (%) 5 (1%) 6 (1.2%) 1

Platelet transfusion during surgery—no (%) 2 (0.4%) 6 (1.2%) 0.2869

Packed red blood cell transfusion 48 h—no (%) 21 (4.2%) 40 (8%) 0.0174

FFP transfusion 48 h—no (%) 5 (1%) 6 (1.2%) 1

Cryoprecipitate transfusion 48 h—no (%) 4 (0.8%) 4(0.8%) 1

Platelet cell transfusion 48 h—no (%) 3 (0.6%) 4 (0.8%) 1

ICU admission—no (%) 2 (0.4%) 9 (1.8%) 0.034

Hospital stay (days) 4.52 ± 1.48 5.12 ± 2.4 <0.0001

Hospital stay > 5 days—no (%) 59 (11.8%) 109 (21.8%) <0.0001

Secondary outcomes other indicators of PPH: The prophylactic administration of TxA
was associated with a reduced delta hemoglobin (pre vs. post CS hemoglobin), estimated
blood loss, packed red blood cell transfusion within 48 h of CS. There was no difference in
need for hysterectomy or need for intraoperative blood transfusion (Table 2).

Secondary outcomes: ICU admission and hospital stay were shorter in the group that
received TxA (Table 2).



· « Données récentes » littérature de qualité   
ê Tendance/impression persiste pertes sanguines
ê Pas d’impact sur les transfusions 

· Certains éléments supportés par une littérature 
de moindre qualité à étudier 
ê Facteurs de risque à étudier de façon isolée
ê Administration pré incision

· Sécurité de la mère et de l’enfant rassurante, 
mais le doute persiste 
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· Réa; hémodynamie et équilibre acido-
basique
ê Volume ; 

ê Amines ;  TAM 60-70 mmHg

· Traitement curatif de l’hémorragie
ê Contraction utérine; tamponnade
ê Occlusion vaisseaux

• Geste chirurgical
• Embolisation

ê Hystérectomie

30-
60  

60   
et 
+



· Initiation
ê Aucun critère strict
ê Perte sanguine 1500ml??/Instabilité HD??

· Aucune donnée randomisée sur le ratio 
propre à l’obstétrique, la pratique est 
guidée par des cibles générales…

· Définition transfusion massive
ê ≥ 10 culots en 24hrs OU 
ê ≥ 4 culots en 1 heure

Bienstock et al. N Engl J Med 2021;384(17): 1635-45



· TEG® & ROTEM® multiples études femmes 
enceintes

· Algorithmes publiés, mais peu de validation
ê FIBTEM; bon prédicteur de la sévérité
ê Gestion transfusion

• Nombre de transfusion

• Surcharge 

· Avenir
ê Anticipation chez patientes à risque
ê Comparaison d’une approche standard versus TEG® & 

ROTEM® 

Amgalan et al. J Thromb Haemost 2020;18:1813-38
McNamara et al. Anaesthesia 2019;74(8):984-91
Snegovskikh et al. J Clin Anesth 2018;44:50-6.



· Globules rouges - mécanismes
ê Volume intravasculaire
ê Perfusion & oxygénation des tissus
ê Maintien coagulation ; transit et fonction 

plaquettes

· Globules rouges – cibles 
ê Comorbidités
ê Hémorragie active 
ê Évaluation de la situation

Hunt. New Engl J Med 2014;370:847-59



· PFC - mécanismes
ê Facteurs de coagulation (dilution & 

consommation)
• 30% du taux de base nécessaire
• Protection en grossesse 

ê Volume

· PFC – cibles
ê Une unité = 8% facteurs de coagulation

• 30ml/kg PFC ≅ 8 PFC = fibrinogène 1g/L

ê Empiriquement ad 1L pour débuter è 4 PFC
Rani. J Clin Diagn Res 2017;11(2):QE01-05



· Études trauma
ê Biais & résultats mitigés 
ê En HM ratio 1:2

· Étude observationnelle obstétricale
ê Ratio 1: 1,8 è 1,1 moins d’intervention

· Recommandations
ê Vers un ratio 1:1 ; traitement précoce de la 

coagulopathie 
ê Attention s’applique SI saignement massif ou 

consommation en cours
Guash. Med Intensiva 2016;40(5):298-310
Bonnet. F1000Res 2016;27;5
Holcomb. JAMA 2015;313(5):471-82
Pasquier. Anesth Analg 2013;116:155-61



· Plt – mécanismes
ê Fonction plaquettaire
ê Dilution

· Plt – cibles
ê 50 000 – 75 000

ê Une unité (pool 6 donneurs) = 25-30 000

· Ratio Plt
ê Ratio 4:4:1? 
ê Aucune étude obstétricale 

Baird. Anesthesiology Clin 2017;35:15-34
LeGouez. Transfus clin biol 2016;23:229-32
Oluwatoyosi. Int J Gyn Obstet 2012;119:3-5
Johansson. Transfusion 2007;47:593-8



· Déplétion en fibrinogène rapide
ê Saignement
ê Fibrinolyse
ê Hémodilution

· Bon prédicteur de la sévérité de HM
• 2g/L ou moins valeur prédictive positive 100%
• 4g/L ou plus valeur prédictive négative 79%
• Association, pas de preuve de causalité

Bonnet. F1000Res 2016;27;5
Wikkelso. Br J Anaesth 2015;114(4);623-33
Ahmed. Transf Med 2012;22(5):344-9
Charbit. J Thromb Haemost 2007;5(2):266-73



· Fibrinogène préventif en début HPP?..
ê Pas de bénéfice prouvé
ê Sécuritaire?

· Fibrinogène traitement
ê Niveau à viser ≥ 2 g/L 
ê Algorithmes dans la littérature

• Intérêt des test de visco-élasticité
Matsunaga. J Obstet Gynaecol Res 2018;doi:10.1111
McDonnell. . Int J Obstet Anesth 2018;33:4-7
Seto. Int J Obstet Anesth 2017; 32:11-16
Ducloy-Bouthors. Anaesth Crit Care Pain Med 2016;35:293-298
Wikkelso. Br J Anaesth 2015;114(4);623-33



· Plasma frais congelé 
ê 30ml/kg PFC ≅ 8 PFC = fibrinogène 1g/L

· Cryoprécipités; fc VIII-XIII, vWF, fibrinogène, 
fibronectine 
ê Pool de 10 unités = 100 ml = 0,7-1g/L fibrinogène
ê Empiriquement 10 unités
ê Crainte virale?

· Concentrés de fibrinogène
ê Étude rétrospective; efficacité similaire
ê Sécurité?
ê Petits milieux…

Bonnet. F1000Res 2016;27;5
Wikkelso. Br J Anaesth 2015;114(4);623-33
Ahmed. Transf Med 2012;22(5):344-9
Charbit. J Thromb Haemost 2007;5(2):266-73



· Recevoir les produits sanguins rapidement

· Avoir du soutien technique
ê Vérifications et administration de produits
ê Laboratoires
ê Autres; instrumentation, préparation autres 

traitements

· Guide 
ê Paramètres à corriger

ê Seuils laboratoires à viser
ê Molécules à envisager PHM – Hôpital Sainte-Justine

Rani. J Clin Diagn Res 2017;11(2):QE01-05
Guash. Med Intensiva 2016;40(5):298-310
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OUTIL DE TRAVAIL 

Ne sera pas conservé 
          au dossier de l’usager 

 
 

PRISE EN CHARGE DE L’HÉMORRAGIE MASSIVE 
 
Traitement médical : 
 
x Mettre 2 voies veineuses  du plus gros calibre possible 
x Remplissage avec NaCl 0.9% ad arrivée de produits sanguins (20 ml/kg/bolus à répéter) 
x Corriger l’hypothermie : T°> 35°C  

o Utiliser le  réchauffe-sang, couvertures, lampes chauffantes, etc. 
x Corriger l’acidose : pH> 7.35 
x Corriger l’hypocalcémie: Ca i mesuré >1.10 (Annexe 1) 
x Corriger la coagulopathie (voir Transfusions) 
x Corriger thrombopénie ou thrombopathie (voir Transfusions); considérer qu’il y a dysfonction plaquettaire 

malgré un seuil adéquat lors de  la prise d’antiplaquettaires ex :Aspirine, Plavix, Persantin ou insuffisance rénale 
chronique 

x Renverser l’anticoagulation si applicable  (Annexe 1) 
x Considérer antifibrinolytique: Cyclokapron 10mg/kg/dose IV × 1 dose (discuter avec hématologue pour doses 

subséquentes) 
x Si considération du Facteur rVIIa ou de concentrés de facteurs, discuter avec l’hématologue (Annexe 1)  
 

 
Traitement chirurgical du saignement : Chirurgie ou embolisation  

 
 

Transfusions : 
 

1.  Débuter les culots globulaires dès que possible 
2.  Débuter plasma, plaquettes et cryoprécipités par la suite  
3. Évaluer  la pertinence des transfusions selon les résultats de laboratoire et les pertes sanguines actives. 

Utiliser la feuille de suivi à cet effet. 
 
 
Aide-mémoire : 
 

Seuils visés : Doses usuelles chez un patient stable (sans hémorragie) 
Hb > 80 g/l Culot globulaire: 15 ml/kg (ad 1 culot ) 

Plaquettes > 75 x 109/L 1 unité /10 kg (ad 5 unités) 

Fibrinogène > 1.5 g/L Cryoprécipités : 1 unité/10 kg 

APTT < 1.5x témoin 

INR < 1.5 
Plasma  congelé : 20 ml/kg (ad 4 unités de 250 ml) 

 

 





Protocole Hémorragie massive



· La température > 35 0C
ê Réchauffe sang
ê Couverture chauffante

· Le pH > 7,35

· Le Cai mesuré > 1,10
ê Empiriquement 1g chlorure de calcium à 

chaque 4 culots
ê Précautions à l’injection

PHM – Hôpital Sainte-Justine
James. Semin Thromb Hemost 2016;42:724-31
LeGouez. Transfus clin biol 2016;23:229-32



· Peu ou pas utilisé

· Littérature 
ê Bénéfice potentiel sur la transfusion
ê Pas d’impact sur la survie
ê Risques thromboemboliques, notamment 

artériels

· Usages investigués
ê Zones éloignées
ê Topique au site placentaire

Schjoldager. Am J Obstet Gynecol 2017;216:608e1-2
Hunt et al. Br J Haematol 2015;170: 788-803
Murakami. J Obstet Gynaecol Res 2015;41:1161-1168
Phillips. Anesthesiology 2009;109(6):1908-15



· Concentré des facteurs II, VII, IX et X & 
protéines anticoagulantes C et S

· Pas de littérature obstétricale
ê Utilisation anecdotique
ê Justification possible dans un contexte HM 

James et al. Semin Thromb Hemost 2016;42:724-31
Hunt et al. Br J Haematol 2015;170: 788-803
Tanaka et al. J Thromb Haemost 2010; 8(12):2589-2591



· POUR
ê Profiter du profil physiologique favorable
ê Minimiser les risques de réactions

· CONTRE 
ê HypoTA sur bris filtre (leucocytes – cytokines)
ê Allo-immunisation 

ê Syndrome anaphylactoïde de la grossesse
ê $$$
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use of these indications, multiple large studies have found 
rates of autologous transfusion ranging from 36% to 100%, 
with 6% to 97% of these patients completely avoiding allo-
geneic transfusions.9 For very high-risk patients, such as 
those undergoing a planned cesarean hysterectomy for 
placenta accreta, a 75% rate of autologous transfusion was 
observed.11 Eighty-seven percent of these patients success-
fully avoided allogeneic transfusions. The high variability 
in the percentage of patients receiving autologous transfu-
sions and avoiding allogeneic transfusions can be partially 
explained by the risk of postpartum hemorrhage because 
patients with low-volume blood loss did not have suf!cient 
salvaged material to allow processing.1,9,12,31 As patient selec-
tion is re!ned and familiarity with the technique grows, it is 
reasonable to expect that the proportion of patients success-
fully avoiding allogeneic transfusions will increase.

An argument against the use of cell salvage has been 
that the need for transfusion during cesarean delivery is 
unusual.32 The Association of Anesthetists of Great Britain 
and Ireland, Royal College of Anesthetists, and the American 
Association of Blood Banks all recommend consideration of 
cell salvage when the expected blood loss is >1 L or 20% 
of the patient’s estimated blood volume, cross-match com-
patible blood is unobtainable, the patient is unwilling to 
accept allogeneic blood, >10% of patients undergoing the 
procedure require transfusion, or the mean transfusion 
requirement for the planned procedure exceeds 1 unit of 
blood.1,19,33,34 It is important to note that these recommen-
dations are not tailored to the obstetric population. The 
American College of Obstetricians and Gynecologists cur-
rently endorses consideration of cell salvage for postpartum 
hemorrhage, and the American Society of Anesthesiologists 
recommends consideration of cell salvage in cases of post-
partum hemorrhage when banked blood is not available or 
when the patient refuses banked blood.35,36

ECONOMIC CONSIDERATIONS OF CELL SALVAGE 
AS A STRATEGY FOR BLOOD CONSERVATION IN 
OBSTETRICS
A recent single-institution economic analysis found that the 
use of cell salvage is not cost-effective for routine cesarean 
deliveries but is cost-effective in patients with predictably 
high rates of hemorrhage and transfusion.37 The authors 
found that only high-risk cases such as severe maternal 
anemia or abnormal placentation had transfusion rates that 
justi!ed cell salvage (54% and 75% of patients required trans-
fusion, respectively). A 2007 cost analysis of intraoperative 
cell salvage suggested that “standby use” be considered to 
improve cost-effectiveness.38 Standby use consists of only a 
basic setup (suction and reservoir) to which the additional 

(and expensive) system components can be added if suf!cient 
blood loss is collected to allow processing. The authors deter-
mined that the average cost of a unit of allogeneic packed 
red blood cells was $200 compared with $89.46 for a salvaged 
autologous unit.38 Both studies cited signi!cant initial and 
!xed-cost expenses for cell salvage, which may be too sub-
stantial to allow for use at institutions with small case vol-
umes. In addition, the generalizability of these conclusions 
may be limited because the cost analyses from these studies 
are dependent on factors that vary greatly across institutions.

CONCLUSIONS
Cell salvage has an acceptable safety pro!le and should be 
considered when treating patients at high risk for obstetric 
hemorrhage and transfusion. Cell salvage collection should 
start after delivery of the placenta. Leukocyte depletion !lters 
should be added to the cell salvage circuit to improve safety. 
In Rh-negative mothers, the appropriate dose of RhoGAM 
should be administered after performance of the Kleihauer-
Betke assay. Further trials investigating cell salvage as a means 
to reduce allogeneic transfusions should be considered. E

DISCLOSURES
Name: Haley Goucher, MD.
Contribution: This author helped write the manuscript.
Attestation: Haley Goucher approved the !nal manuscript.
Name: Cynthia A. Wong, MD.
Contribution: This author helped write the manuscript.
Attestation: Cynthia A. Wong approved the !nal manuscript.
Name: Samir K. Patel, MD.
Contribution: This author helped write the manuscript.
Attestation: Samir K. Patel approved the !nal manuscript.
Name: Paloma Toledo, MD, MPH.
Contribution: This author helped write the manuscript.
Attestation: Paloma Toledo approved the !nal manuscript.

ACKNOWLEDGMENTS
The authors acknowledge Jennifer H. Kim, MD, for her assis-
tance with this project.

RECUSE NOTE 
Dr. Cynthia A. Wong is the Section Editor for Obstetric 
Anesthesiology for the Journal. This manuscript was handled 
by Dr. Steven L. Shafer, Editor-in-Chief, and Dr. Wong was not 
involved in any way with the editorial process or decision.

REFERENCES
 1. Ashworth A, Klein AA. Cell salvage as part of a blood conser-

vation strategy in anaesthesia. Br J Anaesth 2010;105:401–16
 2. Callaghan WM, Kuklina EV, Berg CJ. Trends in postpartum 

hemorrhage: United States, 1994-2006. Am J Obstet Gynecol 
2010;202:353.e1–6

 3. Dwyre DM, Fernando LP, Holland PV. Hepatitis B, hepatitis C 
and HIV transfusion-transmitted infections in the 21st century. 
Vox Sang 2011;100:92–8

 4. Vetter TR, Adhami LF, Porter!eld JR Jr, Marques MB. Perceptions 
about blood transfusion: a survey of surgical patients and their 
anesthesiologists and surgeons. Anesth Analg 2014;118:1301–8

 5. Waters JH, Biscotti C, Potter PS, Phillipson E. Amniotic "uid 
removal during cell salvage in the cesarean section patient. 
Anesthesiology 2000;92:1531–6

 6. Waters JH, Tuohy MJ, Hobson DF, Procop G. Bacterial reduc-
tion by cell salvage washing and leukocyte depletion !ltration. 
Anesthesiology 2003;99:652–5

Table 3.  Suggested Indications for Consideration of 
Cell Salvage for Cesarean Delivery
Medical indications Obstetric indications
Thrombocytopenia Placenta previa
Severe anemia Placenta accreta
Rare blood types Prior uterine rupture
Dif!culty cross-matching Placental abruption
Jehovah Witness Abnormal placentation
Refusal of allogeneic blood

Higgins. Curr Opin Anesthesiol 2019;32:278-284
Baird. Anesthesiology Clin 2017;35:15-34
Goucher. Anesth Analg 2015;121:465-8



· Tamponnade
ê Ballon; Bakri

ê Sutures de compression; B-Lynch

· Vaisseaux
ê Ligatures chirurgicales des vaisseaux

ê Embolisation

· Hystérectomie d’hémostase

· Paquetage en dernier recours

Bienstock et al. N Engl J Med 2021;384(17): 1635-45



500 ml max dans le ballon
Le col de l’utérus doit être 
préalablement ouvert
Maximum 24 heures
Sécuritaire
85% taux succès 

Comprimer l’utérus
Risques nécrose & synechies
Taux succès 90%
Grossesse future 11-75%

Figure 2 (facing page). Mechanical Methods for Managing Uterine Atony.
Panel A shows balloon tamponade (with a Bakri balloon), Panel B uterine compression 
sutures (B-Lynch sutures, placed according to the numbers, from 1 to 6), and Panel C uterine 
artery ligation.
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#1 Ligature bilatérale des a. utérines #2 Si échec; A. iliaques internes

#3 A. ovariennes au besoin 



· Prévention dans certains cas 

· À considérer en cas d’échec au tx 
ê Atonie réfractaire
ê Anomalie d’insertion

· Règle #1 stabilité HD 
ê Transfert
ê Salle d’angio n’est pas une salle d’op

· Taux de succès 75-100%

· Grossesse future 43-48%
Ruiz et al. Eur J Obstet Gynecol Reprod Biol 2016;206:12-21
McLucas et al. Minim Invasive Ther Allied Technol 2016; 25:1-7



· Habituellement pour atonie réfractaire 
ou anomalies insertions

· Difficultés techniques 
ê Gros utérus
ê Vaisseaux engorgés et collatérales

· Complications majorées
ê Hémorragique
ê Trauma
ê infection



· L’hémorragie massive
ê Partage d’informations ; quantitatives & 

qualitatives
ê Anticipation
ê Actions concertées; réanimation efficace et 

rapide & traitement curatif  

· Simulation
ê Communication
ê Tester protocoles/aides mémoires



Questions?


