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Abstract
Postpartum Haemorrhage (PPH) is a major cause of maternal morbidity and
mortality. Treatment of acquired coagulopathy observed in severe PPH is an
important part of PPH management, but is mainly based on literature in trauma
patients, and data thus should be interpreted with caution. This review
describes recent advances in transfusion strategy and in the use of tranexamic
acid and fibrinogen concentrates in women with PPH.
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Introduction
Postpartum hemorrhage (PPH) is one of the most frequent  
life-threatening complications of going into labor and occurs 
mostly without any warning or predictive signs or symptoms and 
often in the absence of predisposing conditions. The main causes of 
PPH are uterine atony, retained placenta, and genital tract trauma. 
Abnormal placentation, placental abruption, and uterine rupture are 
less frequent but often responsible for severe PPH with acquired 
coagulopathy. PPH accounts for nearly one-quarter of all mater-
nal deaths worldwide and an estimated 125,000 deaths occur each 
year1. Most of the time, these deaths due to obstetric hemorrhage 
are considered to be potentially preventable2,3. Maternal mortality is 
the end result of a worsening process, and PPH is also responsible 
for half of maternal morbidity4. The incidence of PPH has recently 
increased in most developed countries such as Canada, Australia, 
and the US and has been notably related to an increased use of  
oxytocin for labor augmentation and subsequent uterine atony5.

Currently, the therapeutic strategies for PPH management  
are largely standardized; in particular, obstetric, surgical, 
and radiological interventions play a life-saving role in PPH  
management. However, medical treatment, namely transfusion and 
a pro-hemostatic strategy, is also essential and has shown impor-
tant changes in recent years. This review focuses on advances in 
transfusion strategy and on the use of pro-hemostatic agents such  
as tranexamic acid (TA) and fibrinogen concentrates in PPH.

Transfusion strategy in postpartum hemorrhage
Only few data are available to guide transfusion management in the 
acute phase of PPH. The current guidelines are based mainly on the 
literature coming from trauma patients.

In trauma patients, several cohort studies have demonstrated a 
decrease in mortality associated with the administration of red 
blood cells (RBCs) and fresh frozen plasma (FFP) in a 1:1 ratio in 
the context of massive transfusion (10 units of RBCs or more)6–9. 
This strategy, which comes from a military setting and which is 
called damage control resuscitation, aims to administer coagulation 
factors as early as RBCs in order to treat blood loss but at the same 
time to prevent the coagulopathy observed in massively bleeding 
patients by limiting the use of crystalloids as volume replace-
ment. These results are controversial. First, most of these studies 
were retrospective. Second, a survival bias cannot be ruled out10. 
Indeed, the more severe trauma patients died early and were not 
able to be timely transfused in FFP, inducing an increased mortality 
in patients receiving a transfusion with a low FFP-to-RBC ratio. 
The transfusion benefit of a high FFP-to-RBC ratio is not so clear 
in recent prospective cohort studies. In the prospective, observa-
tional, multicenter, major trauma transfusion (PROMMTT) study 
documenting the timing of transfusion during active resuscitation 
in 905 trauma patients, Holcomb et al. demonstrated that early and 
higher FFP-to-RBC ratios were associated with a decreased mortal-
ity in patients transfused with at least three units of RBCs during 
the first 24 hours after admission, but not at 30 days11. In a prag-
matic randomized controlled trial from the same authors (the Prag-
matic Randomized Optimal Platelet and Plasma Ratios [PROPPR]  
study), 680 severely injured patients requiring massive transfu-
sion were randomly assigned between early administration of FFP, 

platelets, and RBCs in a 1:1:1 ratio compared with a 1:1:2 ratio. 
No significant difference in mortality at 24 hours or at 30 days was 
observed. However, in the 1:1:1 group, more patients achieved 
hemostasis and fewer experienced death due to exsanguination by 
24 hours12. Finally, the use of FFP is associated with an increased 
incidence of complications such as post-injury multiple organ 
failure, acute respiratory distress, and infections, and the rate of 
complications increased with the quantities of FFP transfused13.  
For all of these reasons, the quality of the proofs in favor of a 
benefit in mortality with a transfusion in FFP and RBCs in a 1:1 
ratio is considered low, and the optimal FFP-to-RBC ratio is still 
not determined. The recent European guidelines on coagulopathy  
management in trauma patients recommend an initial administra-
tion of plasma in patients with massive bleeding and, if further 
plasma is administered, an optimal FFP-to-RBC ratio of at least 
1:2 is suggested. It is also recommended that FFP transfusion  
be avoided in trauma patients without substantial bleeding14.

In the obstetrical setting, there is no study on the impact of the 
FFP-to-RBC ratio on maternal morbidity and mortality. As severe 
PPH may result in secondary coagulopathy similar to what is 
described in massive blood loss in patients with trauma injury, 
some experts have proposed extending the transfusion guidelines 
described in trauma patients to women with severe PPH15. One 
study in obstetric hemorrhage evaluating this strategy of transfu-
sion with a high FFP-to-RBC ratio was conducted by Alexander 
et al., who compared maternal outcomes between women who 
received whole blood only, women who received RBCs only, and 
women who received a combination of blood products16. In this 
study, complications attributable to hypovolemia were significantly 
increased in the combination group as compared with the whole 
blood and RBC groups. However, an indication bias could not be 
excluded, as hemorrhage was more severe in the group of women 
who received the combination of blood products, with larger  
quantities of RBCs transfused and an increased incidence of hys-
terectomy. For the moment, by analogy with transfusion strat-
egy in trauma patients, transfusion with a high FFP-to-RBC ratio  
(between 1:2 and 1:1) should be dedicated only for women with 
PPH requiring massive transfusion.

In collaboration with the local blood bank, some teams have suc-
cessfully developed the concept of massive transfusion protocol,  
which includes a transfusion package, early and repeated  
monitoring of hemostatic competence, and an intervention algo-
rithm which is modeled on existing protocols used in the trauma 
service17,18. In case of massive PPH, a package consisting of six 
RBC units, at least four FFP units, and one apheresis platelet unit  
is immediately released (without waiting for laboratory results); 
this treatment is repeated as long as bleeding is not controlled.

The only strong recommendation on blood transfusion in PPH is 
that women receive RBCs as soon as possible in case of massive 
PPH. Because cross-matched blood is not always available, mater-
nity units should have immediate access (within 5 minutes) to 
O-negative blood. If the need is less pressing, group-specific blood 
can be made available more quickly than fully cross-matched  
blood. Consequently, all maternity units should have their  
own reserve of blood products if there is no blood bank on-site19.
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Finally, it appears that, more than the predetermined ratio, the 
early treatment of coagulopathy with FFP and platelets determines 
maternal morbidity and mortality.

Unfortunately, blood transfusion has its own adverse consequences. 
To decrease transfusion exposure and to control the bleeding,  
pro-hemostatic agents are used more and more often in women  
with PPH.

Postpartum hemorrhage and tranexamic acid
TA is an antifibrinolytic agent that inhibits the activation of plas-
minogen into plasmin. Its use is now clearly established for the 
control and prophylaxis of menorrhagia20. Its efficacy has also been 
proven in elective surgery such as orthopedic, vascular, hepatic, or 
urologic surgery and more recently in bleeding trauma patients21.

A meta-analysis published in the British Medical Journal in 2012 
pooled all of the randomized controlled trials comparing TA with 
no TA or placebo in surgical patients22. The results showed that 
TA reduced the probability of receiving a blood transfusion by  
one-third in elective surgery, but its effects on thromboembolic 
events and mortality remained uncertain.

Concerning trauma patients, the CRASH-2 (Clinical Randomi-
sation of an Antifibrinolytic in Significant Haemorrhage-2) 
multicenter trial showed that mortality was significantly decreased 
in trauma patients who received TA (1 g in 10 minutes, followed 
by a 1 g continuous infusion over the course of 8 hours) as  
compared with placebo. In particular, mortality due to hemorrhagic 
shock was decreased by 15%21.

In the obstetrical setting, the literature focuses mostly on the pro-
phylactic use of TA to prevent PPH, particularly in the context of 
elective cesarean delivery. The most recent meta-analysis exploring 
the preventive effect on PPH and safety of TA versus placebo or 
no treatment was published in 2015 by the Cochrane database23. 
It included nine trials involving 2453 women who were at low 
risk of PPH and who were undergoing cesarean delivery and three  
trials with 832 women who delivered vaginally. These trials were of 
mixed quality. The results of the meta-analysis showed that overall 
the incidence of blood loss of greater than 500 mL was lower in 
women who received TA versus placebo or no intervention. Also, 
TA was effective in decreasing the incidence of blood loss of greater 
than 1000 mL in women who had undergone cesarean delivery but 
not vaginal birth. Mean blood loss within the first 2 hours post-
partum was lower in women who received TA, and this effect was  
similar following vaginal and cesarean birth, but the mean dif-
ference in blood loss reduction was very moderate; the mean  
difference was 78 mL (95% confidence interval of 58 to 98 mL). 
Blood transfusion was less frequent in women receiving TA versus 
placebo or no intervention. Finally, the authors found that the use 
of TA was associated with only mild side effects, such as nausea, 
vomiting, and dizziness.

Despite these encouraging results, the routine use of TA as a 
preventive treatment of PPH is currently not recommended and this 
was because of the moderate quality of the available evidence, the 

limited benefit on blood loss, and the lack of data on the throm-
boembolic risk.

Concerning the use of TA as a curative treatment of PPH, only one 
randomized trial has been published until now. In this open-labeled 
controlled study, 144 women with a blood loss of 800 mL or more 
after vaginal delivery were randomly assigned to receive either 
4 g of TA within 1 hour followed by 1 g per hour during 6 hours or 
not24. In the treatment group, total blood loss at 6 hours after PPH 
diagnosis was significantly lower, but the difference was question-
able (170 versus 221 mL; P = 0.041). Duration of hemorrhage was 
also significantly shorter in the treatment group, and transfusion 
requirement and incidence of severe hemorrhage were lower.

To summarize, data on the effectiveness of TA in PPH are quite 
encouraging, but there is still only little reliable evidence coming 
from randomized controlled trials. However, owing to its low cost 
and low rate of side effects, the use of TA is currently recommended 
by several academic societies. For example, the most recently 
updated PPH treatment guidelines prepared by the World Health 
Organization state that TA (1 g over 5 minutes, repeated within  
30 to 60 minutes if necessary) is recommended for the treatment 
of PPH if oxytocin and other uterotonics fail to stop bleeding or if 
it is thought that the bleeding may be partly due to trauma (weak  
recommendation)25. Consequently, there is an urgent need for 
clinical randomized trials of good quality before TA can be  
strongly recommended as a curative treatment in PPH.

The World Maternal Antifibrinolytic (WOMAN) trial conducted 
worldwide aims to determine the effect of the early administration 
of TA on mortality and hysterectomy rates as well as major com-
plication rates in women with clinically diagnosed hemorrhage26. 
Inclusions are over now and the results of this study are due to be 
published later this year.

Fibrinogen concentrates in postpartum hemorrhage
Fibrinogen plays a critical role in achieving and maintaining  
hemostasis and is fundamental to effective clot formation. In the 
context of massive obstetric bleeding, fibrinogen is the first coagu-
lation factor to decrease27; rapid fibrinolysis has also been described 
in some specific causes of PPH, such as placental abruption,  
placenta previa, genital tract trauma, and uterine atony.

Fibrinogen plasma level has been demonstrated to be a good pre-
dictor of PPH severity28,29. In the study by Charbit et al., a fibrino-
gen plasma level of 2 g/L or less had a 100% positive predictive 
value for severe PPH28. This study also demonstrated that the risk 
for severe PPH was 2.6 fold higher for each 1 g/L decrease in 
fibrinogen plasma level. Therefore, the assumption that fibrinogen 
supplementation could be beneficial to treat PPH has been made, 
although this is likely an over-interpretation of the study results. 
It should indeed be noted that the study by Charbit et al. was not 
randomized and did not demonstrate that decreased fibrinogen 
concentration was a causal factor of PPH severity. This study  
demonstrated only that decreased fibrinogen concentration was 
associated with PPH severity. Therefore, basing our hemostatic 
strategy on this argument requires further study.
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FFP transfusion is not the optimal agent for treating fibrinogen 
deficiency, as a volume of 30 mL/kg is necessary to increase the 
fibrinogen concentration by 1 g/L, inducing a high risk of fluid 
overload. In the past, fibrinogen therapy was usually given as 
cryoprecipitate, but owing to the potential viral contamination and 
variable concentration of fibrinogen in cryoprecipitate, human 
plasma-derived fibrinogen concentrates are now available in most 
countries but not everywhere. For example, in the UK, the only 
licensed source of fibrinogen is FFP or cryoprecipitate, which 
also contains von Willebrand factor, factor VIII, factor XIII, and 
fibronectin. Fibrinogen concentrates offer rapid restoration of 
the fibrinogen concentration with a small-volume infusion, for a 
comparable cost, and with a minimal preparation time. Fibrinogen 
concentrates are considered by many to be preferable to  
cryoprecipitate, although there are no studies comparing the  
efficacy of these two products30.

The efficacy and safety of fibrinogen concentrates have been proven 
in congenital fibrinogen deficiencies31. Additionally, some in vitro 
and animal studies with thromboelastography monitoring have 
shown that the addition of fibrinogen concentrates corrects the 
coagulation disorders induced by experimental hemodilution32,33.  
Clinical data on the efficacy of fibrinogen concentrates in the man-
agement of hemorrhage are still scarce. Overall, fewer than 10 
randomized controlled trials have explored the potential benefit 
of fibrinogen concentrates in terms of transfusion requirement and 
correction of hemostasis disorders analyzed either by traditional 
hemostatic monitoring or by point-of-care (POC) viscoelastic 
methods34–41. These trials included 384 patients overall and were 
all performed in the setting of perioperative bleeding in sched-
uled cardiovascular surgery, except one trial including patients 
undergoing radical cystectomy35. Overall, five trials found a 
decrease in transfusion requirement in patients who received fibrin-
ogen concentrates34,35,39–41, and five trials described an increased 
clot firmness measured by thromboelastometry35,38–41. However, 
only one study found a significant reduction in blood loss, which 
was not associated with a transfusion-sparing effect37, and none of 
these trials found a significant difference in mortality rate. These 
trials have several methodological flaws: small sample size, no 
prolonged follow-up, no intention-to-treat analysis, and no or poor 
blindness design. The protocol of fibrinogen concentrate adminis-
tration differed between studies in terms of dose and of therapeutic 
target (prophylactic or curative treatment) as well as the control 
group. Consequently, it is difficult to extend these results to the 
obstetrical setting.

In trauma patients, only observational studies have been  
published42. In retrospective studies, the administration of fibrino-
gen concentrates was associated with a decrease in transfusion  
needs and with the correction of biologic hemostatic disorders43–46. 
In one of these studies, the observed mortality was lower than pre-
dicted mortality for patients who received fibrinogen concentrates47.  
However, these retrospective studies also have several meth-
odological flaws. In particular, the severity of hemorrhage and 
confounding factors concerning blood loss volume were not 
taken into account, inducing an indication bias. No randomized  
controlled trial on the impact of fibrinogen concentrates in trauma 

patients has yet been published. To summarize, data on fibrinogen 
concentrate efficacy and safety in bleeding trauma patients are too 
limited for a conclusion to be drawn.

The use of fibrinogen concentrate in PPH has been explored 
in seven observational studies, in which a total of 222 women 
participated43,48–51. In six studies, a significant increase in fibrinogen 
plasma level was described after the administration of fibrinogen 
concentrate, but without a control group, the efficacy of fibrinogen 
concentrates cannot be determined. The only controlled study is a 
before-and-after study of 77 women with PPH52. In this retrospec-
tive study, maternal outcomes were compared between women who 
received cryoprecipitate (n = 14) and those who received fibrinogen 
concentrate (n = 20). The authors did not find any difference in 
blood loss, transfusion requirement, or need for a surgical hemo-
static procedure. The first randomized controlled trial investigat-
ing the use of fibrinogen concentrate in PPH, in which 229 women 
participated, was published this year53. The “FIB-PPH Trial”, as it is 
known, is a Danish multicenter placebo-controlled, double-blinded 
clinical trial evaluating whether initial treatment with fibrinogen 
concentrate (2 g) reduces the need for allogenic blood transfusion 
in PPH. No difference was observed between the two groups in 
RBC transfusion requirement up to 6 weeks postpartum or in any of 
the secondary predefined outcomes (total blood loss, total amount 
of blood transfused, occurrence or rebleeding, low hemoglobin 
level, a composite outcome of severe PPH, and RBC transfusion 
within 4 hours, 24 hours, and 7 days). However, women included in 
this trial had no acquired hypofibrinogenemia. Consequently, this 
study could draw conclusions only on the inefficacy of the use of 
fibrinogen concentrates as a pre-emptive treatment for severe PPH 
in patients with normofibrinogenemia.

Finally, the literature on the use of fibrinogen concentrate in non-
obstetric hemorrhage only moderately suggests an efficacy on 
transfusion requirement and morbidity without formally proving 
it. Even if it appears to be a promising therapeutic, there is still 
no strong evidence that the use of fibrinogen concentrate would 
improve maternal outcomes in severe PPH. Moreover, the risk 
of thromboembolic events associated with the use of fibrinogen  
concentrate has never been explored in this context. Therefore, we 
still need valid data before administration of fibrinogen concentrate 
as a curative treatment of PPH can be firmly recommended.

Additional strategies
Recombinant human FVIIa generated great hope several years ago 
when early case reports suggested immediate efficacy in refrac-
tory PPH54. Unfortunately, randomized trials in trauma and more 
recently in obstetrics have shown only a moderate decrease in blood 
product consumption but no survival benefit, whereas the risk of 
thrombotic events seems to increase significantly55.

Prothrombin complex concentrates contain several important 
coagulation factors and it has been suggested that they could 
replace FFP. This has been shown mainly in case reports or series 
in which coagulation factor deficit was detected by using POC vis-
coelastic tests in trauma47 or traditional hemostatic tests in obstetric 
patients56.
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Viscoelastic point-of-care coagulation monitoring
In current strategies, drugs and blood products are administered 
very early and with aggressive protocols. These are mostly “blind” 
techniques, since drugs or blood products are given either prophy-
lactically or in response to severe blood loss but very often before 
the return of laboratory results can inform the physician of coagula-
tion abnormalities. Moreover, blood product and, especially, FFP 
administration is aimed at globally correcting coagulation without 
a precise target.

However, it has been shown in recent years that it is possible to 
obtain coagulation tests results very early by using POC devices 
which are based mainly on viscoelastic techniques: thromboelas-
tography (TEG) or thromboelastometry (ROTEM). These biological 
techniques can provide results within minutes and precisely inform 
the physician of the main hemostatic abnormalities. Physicians can 
thus direct treatment against precise targets and avoid (or reduce) 
the use of blood products. As shown above, hyperfibrinolysis and 
decreased fibrinogen concentration are important coagulation 
defects in massive hemorrhage and especially in obstetrics27 and 
can be detected early by using viscoelastic techniques57. Thus, early 
administration of fibrinogen concentrates can be guided by POC 
results rather than by the theoretical premise that these defects are 
very frequent. In a before-and-after study, Mallaiah et al. recently 
showed a significant decrease in blood product component use and 
a reduced incidence of circulatory overload with ROTEM-guided 
fibrinogen concentrate administration in major obstetric hemor-
rhage as compared with traditional care58. There is currently no 
randomized study in obstetrics showing that this strategy decreases 
blood product use and improves outcomes, but small randomized 
studies performed in cardiovascular surgery have described posi-
tive results39,41. Increased use of these viscoelastic tests is likely to 
occur soon because although these tests remain relatively costly and 
there is a need for quality control of these machines, new versions, 
which are as easy to use as POC hemoglobin measurement tests, 
have been recently released.

Teamwork and safety issues
PPH is a typical obstetric emergency situation that can develop 
rapidly and unexpectedly. Health-care professionals taking care of 
obstetric emergencies act as a team in which each provider uses 
his or her specific competencies. Moreover, because each obstetric 
emergency situation is a relatively rare event, even in high-level 
reference centers, providers have relatively few opportunities to 
train by self-experience and to evaluate and discuss how previ-
ous cases have been managed. During any emergency situation, 
communication and organizing the process of care are difficult 
tasks. It has been recognized that in many cases there is no clear 
leadership59, and poor teamwork has been recognized as a major 
cause of poor outcome60. For each team member, non-technical 

skills thus represent an important component of competency. 
Flin and Maran have described non-technical skills as two cog-
nitive competencies (situational awareness and decision making) 
and two social competencies (teamwork and leadership)61. Most 
of these competencies are universal and should be practiced by 
every health-care provider whatever his or her profession or grade. 
Unfortunately, using these four skills is difficult and does not come 
naturally to most humans. Recognition of these deficiencies and 
subsequent training are thus essential. Unfortunately, traditional 
teaching is almost ineffective to improve patients’ outcomes. 
Recently developed strategies have emerged to facilitate adoption 
of these non-technical skills in clinical practice. Interprofessional 
education is a relatively recent concept and is said to occur ‘when 
two or more professions learn with, from and about each other to 
improve collaboration and the quality of care’62. Interprofessional 
education is believed to be important for undergraduate students63 
but also for professionals working in clinical units to develop or 
maintain interprofessional collaboration. Team training is gaining 
popularity, as it is now recognized to improve quality of care64. 
Team training as well as interprofessional education for students 
can be done through formal courses and meetings, but many stud-
ies have shown that simulation is effective to improve communi-
cation, teamwork, and patients’ outcomes65,66. Quality of care can 
also be improved by writing protocols that are made available to all 
providers67 and through retrospective audits, which reduce the 
incidence of severe PPH and improve the application of  
recommendations68.

Conclusions
Until now, no study has proven that a specific transfusion strategy 
or the use of any pro-hemostatic agent would improve maternal  
outcomes in the context of PPH. Levels of evidence of TA 
and fibrinogen concentrate efficacy and safety in PPH are low.  
Randomized controlled trials in the context of severe PPH are  
difficult to perform, but there is room for studies of good quality to 
explore these therapeutic options.

Abbreviations
FFP, fresh frozen plasma; POC, point-of-care; PPH, postpartum 
hemorrhage; RBC, red blood cell; TA, tranexamic acid.
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