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INTRODUCTION 


Postpartum haemorrhage (PPH) plays a significant role in mater-
 nal morbidity and mortality, and has had an impact on the world 
 for centuries  [1,2]. Thousands of women die each year due to 
 PPH, a few of which have given rise to not only cultural and medi-
 cal innovations, but also shaped the history of the world. The Taj 
 Mahal was built by Mughal emperor Shah Jahan in memory of his 
 wife that died of PPH in 1631after giving birth to their 14th child  
 [3]. Princess Charlotte, daughter of King George IV of England, 
 was in 1817 the only eligible heir to the throne, but died after 
 stillbirth due to 50 hours of labour and PPH, leading to change of 
 reign and the birth of the future Queen Victoria [4]. Last but not 
 least in 1825 the British obstetrician James Blundell was the first  


to successfully transfuse human blood. He saved the life of a 
 woman with PPH, by using blood from the woman’s husband;  


later he went on to invent several instruments for transfusion [5–


7].  Sadly these innovations do not nearly weigh up the trage-
 dy of a maternal death, and even though maternal deaths world-
 wide are decreasing [8], PPH has shown an increasing trend over 
 the last few years to an incidence of 3-8% in the developed world 
 [9–11], and is the most common cause of maternal morbidity 
 [12,13]. Therefore, research in prevention and treatment of PPH 
 including recovery measures for women developing life-
 threatening haemorrhage is needed more than ever [14]. 


BACKGROUND 


Postpartum haemorrhage – aetiology and risk factors 
 PPH is traditionally defined as blood loss ≥500 ml in the first 24 
 hours following childbirth, often developing minutes after child-
 birth, but can also be secondary if occurring after the first 24 
 hours up to 6 weeks postpartum [15]. For women undergoing 
 caesarean section the cut-off is higher and usually defined as 


≥1,000 ml [16]. However, not all countries or studies agree on 
 these definitions, creating not only confusion but also conflicting 
 results [17]. Further inconsistency is found when it comes to 
 defining severe PPH, where there is variation in not only the cut-
 off used to define it, but also no uniform agreement of whether 
 to use the term severe, major or moderate PPH [17–20]. Estima-
 tion of blood loss can be assessed in many ways depending on the 
 equipment available. Visual estimation is the easiest method, but 
 also the method that is most inaccurate as large quantities of 
 blood loss are often underestimated and small quantities of blood 
 loss overestimated compared to blood collection bags or weigh-
 ing of drapes ect [1,15,21].  


The aetiologies of PPH are classically divided into four dif-
 ferent categories, known as the four T’s – Tone, Trauma, Tissue, 
 and Thrombin [18]. Tone refers to atony, which is insufficient 
 contraction of the uterus during and after delivery of the placen-
 ta, leading to extensive bleeding from the placental bed. Trauma 
 refers mainly to lacerations of the vagina and perineum, graded 
 from first to fourth degree depending on their depth and extent, 
 but can also include vulvar and vaginal haematomas or uterine 
 rupture, all of which will need surgical repair. Tissue refers to 
 retained placenta or fragments of placenta inhibiting contraction 
 of the uterus. Thrombin refers to coagulopathies, that can be 
 defects known prior to childbirth or developed during or after 
 childbirth due to other complications such as amniotic fluid em-
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(2)bolism [16,18]. The majority of cases are traditionally attributed 
 to atony [18]. 


The time from the delivery of the baby to the delivery of 
 the placenta is known as the third stage of labour [22]. The uterus 
 will under normal circumstances contract and expel the placenta 
 within 10 minutes [23–25], efficiently cutting off the blood flow to 
 the placenta [15]. The placenta will in some circumstances need 
 manual removal if it is not delivered spontaneously. If the dura-
 tion of the third stage of labour exceeds 30 minutes there is an 
 increased risk of PPH [22,26,27]. Recent studies have questioned 
 the 30 minute threshold and have suggested that the risk of PPH 
 is increased after only 15 to 20 minutes [23–25,28,29]. An active 
 management of the third stage of labour has been shown to 
 reduce the risk of PPH. This includes administration of oxytocin (a 
 uterotonic that stimulates contraction of the uterus), controlled 
 cord traction and uterine massage [30]. If the placenta is not 
 delivered spontaneously, several conditions should be consid-
 ered. The placenta could be detached from the uterine wall but 
 still trapped inside the uterus due to a closed cervix: an entrapped 
 placenta; the placenta is not detached but there are no signs of 
 invasive growth in the uterine wall: an adherent placenta; or 
 there is abnormal invasive growth into or through the uterine 
 wall: an abnormal invasive placenta (AIP) [31,32].  


AIP has an incidence of approximately 0.2-3 per 1,000 de-
 liveries [33–36]. Depending on the depth of attachment AIP is 
 termed: placenta accreta (placenta attached to the myometrium); 


placenta increta (placenta invades the myometrium); or placenta 
 percreta (placenta invades through the myometrium) [33,37]. AIP 
 often leads to severe PPH requiring blood transfusions and in 
 more severe cases even the need for hysterectomy, complications 
 that can be minimized if diagnosed before labour [36]. Currently, 
 up to 50% of AIP cases are identified antenatally through ultra-
 sound screening of women with a prior caesarean section and 
 placenta praevia [33,38]. 


Numerous epidemiological studies have been performed 
 to try and identify women at risk of developing PPH, in the hope 
 of initiating sufficient preventive measures [27,39–41]. Some of 
 the risk factors identified include multiparity, previous caesarean 
 section, hypertensive disorders, macrosomia, previous PPH, in-
 duction of labour, augmentation of labour, operative vaginal 
 delivery, caesarean section and placenta praevia [42,43]. Some of 
 the risk factors have a higher risk of PPH than others, but women 
 with high risk or multiple low risks can still have a completely 
 uncomplicated delivery [40]. Furthermore, 22-39% of women that 
 develop PPH have no risk factors, making it extremely difficult to 
 predict which women will in fact develop PPH [9,44–46].  


There are a wide range of complications following PPH. 


Mild cases of PPH can lead to anaemia, fatigue, depression and 
 feelings of separation or anxiety [18,47,48]. In more severe cases 
 the complications are often critical and involve blood transfu-
 sions, open surgery, organ failure, treatment in an intensive care 
 unit, thromboembolic complications, hysterectomy and in worst 
 case even death [9,49–51]. 


Haemostasis in pregnancy and postpartum 


Haemostasis is the process that maintains equilibrium between 
 coagulation and fluidity of blood in damaged blood vessels 
 through the actions of the coagulation cascade, platelets, and 
 fibrinolysis [52,53]. The purpose of the coagulation cascade is to 
 stop bleeding by forming a clot, through a cascade of processes 
 initiated after the exposure of tissue factor primarily after vascu-
 lar damage [54,55]. The coagulation system is comprised of clot-
 ting factors in an inactive state that become activated through a 


cascade of processes, and culminates with conversion of large 
 amounts of thrombin from prothrombin. Thrombin converts 
 fibrinogen into fibrin fibres, which together with activated plate-
 lets and von Willebrand factor create the blood clot [53,56]. 


Fibrinogen is a glycoprotein synthesized in the liver and is indis-
 pensable in formation of the clot not only through conversion to 
 fibrin fibres but also for platelet aggregation. [57] There are sev-
 eral regulators of the coagulation cascade including the anticoag-
 ulation factors: antithrombin, protein C, and protein S that limit 
 the formation of clots in healthy vessels [53,55]. In addition simul-
 taneous activation of fibrinolysis dissolves the clot in a highly 
 regulated process, preventing  excessive clot formation [55,56]. 


During pregnancy blood volume and coagulation increase 
 while anticoagulants and fibrinolysis decrease, all part of the 
 prophylactic measures to prepare for blood loss and placental 
 separation after childbirth [52,55]. This change in haemostasis 
 involves a rise in some of the coagulation factors including pro-
 thrombin, fibrinogen, and von Willebrand factor, but also a de-
 crease in platelet count due to haemodilution and presumed 
 consumption at the placental site [52,58,59]. However, this hy-
 percoagulable state in pregnancy leads to an up to six-fold in-
 crease in the risk of thromboembolic complications including 
 pulmonary embolisms and deep vein thrombosis [59,60]. Addi-
 tional increase in coagulation factors including fibrinogen takes 
 place during labour and delivery. Coagulation factors are activat-
 ed through release of abundant amounts of tissue factor upon 
 placental separation leading to formation of clots. Increased 
 levels of fibrinogen and platelets postpartum are also a result of 
 inflammation [52]. An unimpaired coagulation system will to-
 gether with sufficient contraction of the uterus result in minimal 
 blood loss after delivery [52,58,59]. However, a high consumption 
 of coagulation factors and platelets in formation of clots at the 
 placental site can potentially lead to depletion if haemorrhage is 
 ongoing [59,61]. Under normal circumstances coagulation factors 
 remain high the first few days after delivery with fibrinolysis rising 
 to normal levels within 1-2 days postpartum and normal coagula-
 tion attained within 4-6 weeks postpartum. [52,58]  


Massive haemorrhage and transfusion 


Massive haemorrhage is defined as loss of total blood volume 
 within 24 hours, 50% within 3 hours, or a rate of blood loss of 150 
 ml/min [62]. Blood loss of this quantity can be difficult to assess 
 during an emergency situation, which is why massive haemor-
 rhage can also be defined as haemorrhage requiring massive 
 transfusion of ≥10 units of red blood cells (RBC) within 24 hours 
 [63]. In obstetrics there is no well-defined consensus for massive 
 haemorrhage, with the terms major and massive PPH being used 
 at random for blood loss of more than 1,000 ml to blood loss of 
 more than 2500 ml [18,64–66]. 


Massive haemorrhage following trauma, surgery or child-
 birth may lead to coagulopathy – a state of impaired haemostasis. 


In all three circumstances the abundant release of tissue factor 
leads to activation of the coagulation cascade and consequent 
consumption of coagulation factors and platelets [54,67]. The 
simultaneous systemic hypoperfusion causes hypothermia and 
acidosis, inhibiting coagulation and activating anticoagulation 
factors and fibrinolysis, which complicate coagulation further 
[63,67]. At the same time transfusion with RBCs, crystalloids or 
colloids are given in an effort to re-establish perfusion causing 
additional dilutional coagulopathy. The combination of consump-
tive and dilutional coagulopathy, acidosis and hypothermia, 
known as the lethal triad will result in further haemorrhage 
[54,67,68]. Therefore, treatment involving not only volume resus-



(3)citation and surgical control of haemorrhage, but also correction 
 of coagulopathy is necessary [68,69].  


Fibrinogen is the first coagulation factor known to drop to 
 critical levels during massive haemorrhage, and as the normal 
 level of fibrinogen is 2.0-4.5 g/L in healthy adults, low levels are 
 difficult to substitute with FFP alone, where the concentration is 
 1-3 g/L [57,70]. Additional substitution is, however, possible 
 through cryoprecipitate and fibrinogen concentrate. Cryoprecipi-
 tate contains high concentrations of fibrinogen (approximately 15 
 g/L), von Willebrand factor and other coagulation factors. How-
 ever, cross matching and thawing is necessary before administra-
 tion. Fibrinogen concentrate on the other hand only contains 
 fibrinogen (15-20 g/L), and comes as a powder that only requires 
 dissolving in sterile water before administration [57,71].  


Identifying patients with low levels of specific coagulation 
 factors is possible through conventional laboratory testing. How-
 ever, these tests can be time consuming and they do not assess 
 the general functionality of coagulation, which is why point-of-
 care viscoelastic assays are being used more and more. These 
 assays can be performed bedside and give an assessment of clot 
 formation and fibrinolysis, thereby providing vital information on 
 the development of coagulopathy [63,72]. Prevention and treat-
 ment of coagulopathy in patients with massive haemorrhage is 
 also possible with early transfusion of RBCs, FFP and PLTs. Fur-
 thermore, studies from both trauma and non-trauma have shown 
 a reduction in mortality when a fixed ratio of 1:1:1 of PLTs, FFP 
 and RBCs is used during massive haemorrhage [73–75].  


Due to the highs risks associated with blood transfusions, 
 all strategies that can reduce blood transfusions are essential. 


Today the risk of transmission of infection through blood transfu-
 sions is low; instead the risks are related to non-infectious reac-
 tions including haemolytic, allergic, and immunological reactions 
 that occur in approximately 1% of all transfusions [76–78]. Trans-
 fusion related acute lung injury (TRALI) is an immunological reac-
 tion and the leading cause of transfusion related morbidity and 
 mortality with an incidence of 0.08-15% [76]. TRALI evolves within 
 6 hours of transfusion and is mainly associated with plasma trans-
 fusions. Symptoms include dyspnoea, hypoxaemia and hypoten-
 sion due to pulmonary oedema and up to 70% will need respira-
 tory support [76].  Additional complications are seen in patients 
 requiring massive transfusions, including metabolic complications 
 due to haemolysis and high levels of citrate, and transfusion 
 associated circulatory overload [63]. 


Severe postpartum haemorrhage – prevention and treatment 
 Active management of the third stage of labour and removal of a 
 retained placenta can reduce the risk of PPH. Further preventive 
 measures include minimizing avoidable risk factors or giving 
 additional uterotonics to high risk women [14,18,79]. Once PPH 
 has developed treatment options relate to the cause of haemor-
 rhage: uterotonics for atony, surgical repair of lacerations, re-
 moval of retained tissue, and correction of diagnosed coagulopa-
 thy [18]. However, progression in severity is not always avoidable, 
 and has therefore led to increased focus on early warning signs 
 and treatment of severe PPH. Risk factors associated with pro-
 gression to a more severe PPH include instrumental delivery, 
 augmentation of labour, multiple pregnancy, polyhydramnios and 
 hypertensive disorders [39,80]. As these risk factors are not al-
 ways preventable or directly treatable, recent studies have tried 
 to identify more specific predictors of severity related to coag-
 ulopathy.  


The main focus has been on fibrinogen since Charbit et al 
 in 2007 showed that a fibrinogen concentration ≤2 g/L was 100% 


predictive of severe PPH [81]. The study included 128 women 
 with PPH of which 50 (39%) developed severe PPH (defined as 
 haemoglobin decrease ≥4 g/dl, transfusion of ≥4 RBCs, emboliza-
 tion, arterial ligation, hysterectomy or death). Women were 
 enrolled if they had PPH requiring IV prostaglandin infusion (uter-
 otonics). A fibrinogen level of ≤2 g/L at enrolment was identified 
 in 11 of the 50 women (22%) that developed severe PPH. A num-
 ber of other studies have confirmed the association between low 
 levels of fibrinogen and blood loss in PPH [20,82,83]. However, 
 association is not always the same as causation. The results from 
 Charbit et al have therefor led to recent studies investigating the 
 impact of fibrinogen substitution on development of a more 
 severe PPH [84–86]. However as the normal level of fibrinogen at 
 delivery is higher than in the non-pregnant woman (3.5-6.5 g/L vs. 


2.0-4.5g/L), the exact threshold for intervention is unclear 
 [58,70,87]. 


Intensive treatment and care becomes the main focus 
 once PPH has progressed, involving a close collaboration between 
 obstetricians, gynaecologists, anaesthetists and sometimes also 
 coagulation experts. Atony is mainly treated with additional uter-
 otonics, but other causes of PPH should be considered if haemor-
 rhage is refractory to first-line uterotonics [30,88]. Further treat-
 ment of all causes of ongoing PPH mainly takes place in the 
 operating room involving all of the multidisciplinary team. Surgi-
 cal repair of lacerations, removal of placental tissue and intrauter-
 ine balloon tamponade can be performed from a vaginal ap-
 proach. Additional surgical interventions require laparotomy, with 
 uterine haemostatic suturing (e.g. B-lynch suture) or artery liga-
 tion being attempted before hysterectomy [18,88,89]. Even 
 though hysterectomy is often considered last option in uncontrol-
 lable PPH, it does not necessarily lead to haemostasis perhaps 
 due to untreated coagulopathy [51,90,91]. 


Coagulopathy should be considered early on in the events 
 of progressing PPH, with simultaneous focus on both transfusions 
 and surgical control as neither can stand alone [1,92]. As the rate 
 of transfusion in obstetrics is relatively low at 0.5-2.0%, research 
 into the optimal ratio of RBCs, FFP and PLTs is scarce [41,93–95]. 


A few retrospective studies have shown that a high FFP:RBC ratio 
 was associated with a reduced risk of interventions and a higher 
 success rate of hysterectomy, but none of the studies were in 
 relation to PPH requiring massive transfusion [91,96].  The meth-
 ods used to monitor coagulopathy in severe PPH are the same as 
 in other patients with severe haemorrhage. The Danish guideline 
 for PPH recommends traditional laboratory tests including plate-
 let count, international normalized ratio (INR), activated partial 
 thromboplastin time (APTT) and fibrinogen early on in the course 
 of events, or if available point-of-care viscoelastic assays [79]. 


Laboratory tests do not give rapid results, and the haemostasis of 
 the patient can have changed substantially before it is possible to 
 react to the results [87]. It is therefore of great importance to be 
 continuously aware of formation of clots in the operating field. 


OBJECTIVES 


Through the studies included in this PhD thesis we aim to investi-
 gate the causes of severe postpartum haemorrhage and minimize 
 the proportion of women developing severe postpartum haemor-
 rhage by identifying methods for early prevention.  


The objectives and hypotheses of this thesis were: 


•  To assess if pre-emptive treatment with fibrinogen con-
centrate could reduce the need for red blood cell trans-
fusion in relation to postpartum haemorrhage (Study I). 



(4)The hypothesis was that pre-emptive treatment with fi-
 brinogen could reduce the need for red blood cell trans-
 fusion in women with postpartum haemorrhage. 


• To describe the severe cases of PPH requiring massive 
 transfusion including the surgical procedures leading to 
 bleeding control, the causes, and the complications asso-
 ciated with the need of massive postpartum transfusion. 


And to describe the subgroup of women treated with 
 hysterectomy and compare the use of RBC, FFP, and PLT 
 transfusions with women not treated with hysterectomy 
 during massive postpartum transfusion (Study II). The 
 hypothesis was that women treated with a hysterectomy 
 due to massive postpartum transfusion had received less 
 or late fresh frozen plasma and platelets compared to 
 women with massive postpartum transfusions not treat-
 ed with a hysterectomy. 


•  To investigate whether the distribution of causes of 
 postpartum blood loss depended on the cut-off used to 
 define PPH. And to investigate the association between 
 quantity of postpartum blood loss, the duration of the 
 third stage of labour, a retained placenta, and other risk 
 factors (Study III). The hypothesis was that the distribu-
 tion of causes of postpartum blood loss depended on the 
 cut-off used to define PPH and that a retained placenta 
 had a higher impact on the quantity of blood loss than 
 the duration of the third stage of labour. 


MATERIAL AND METHODS 


Choosing the correct study design depends not only on the re-
 search question, but also on practical issues including the setting, 
 how common the condition is, the time frame available, data 
 available, and funding [97]. A randomised control trial (RCT) can 
 lead to high quality evidence of treatment effect, and was the 
 method of choice for study I [98]. Observational studies have a 
 higher risk of confounding but can be used to identify potential 
 associations between exposures and outcome [99]. We chose to 
 address the research questions in study II and III through observa-
 tional studies, identifying two separate cohorts from different 
 registries. Thereby, taking advantage of some of the exclusive 
 data already available in Danish registries, where data on more or 
 less all residents is registered, due to all being assigned a unique 
 Civil Registration Number  [100,101]. 


National registries 


The Danish National Patient Registry 


The Danish National Patient Registry was established in 1977 and 
 consists of data from all hospitalised patients [102]. It is compul-
 sory for all hospitals in Denmark to report to the registry, and the 
 registry is the general core database for health issues in Denmark 
 and is a source for some of the other more specialised registries 
 and databases such as The Danish National Birth Registry and The 
 Danish Transfusion Database [102]. 


The Danish National Birth Registry 


The Danish National Birth Registry contains information regarding 
 all births in Denmark dating back to 1973. The registry has since 
 1995 received all information regarding maternal demographics, 
 parity, pregnancy, labour and delivery by combining the unique 
 Civil Registration Numbers of both mother and child with data 
 from The Danish National Patient Registry [103]. 


The Danish Transfusion Database 


The Danish Transfusion Database receives information directly 
 from regional blood banks and The National Patient Registry, and 
 has done so since 1997. However, full coverage of Denmark was 
 not complete until 2005. The database includes information 
 regarding allogenic transfusions including data on the recipient, 
 serial numbers of the blood products and time of delivery of 
 blood products [104]. 


The Copenhagen Obstetric Database 


The Copenhagen Obstetric Database was established in 1996 and 
 receives detailed information on maternal demographics, preg-
 nancy, labour, delivery and details on the new-born directly from 
 midwives and specialist doctors during and after discharge. It has 
 a very high internal validity, and includes additional information 
 that is not registered in The Danish National Patient Registry such 
 as the quantity of blood loss [105]. 


Study populations 


All of our studies were comprised of women with an assorted 
 range of severity of PPH. Study I was a randomised controlled 
 double-blinded study where the primary outcome was the need 
 to transfuse RBCs up to six weeks postpartum in women random-
 ised to either placebo or 2 grams of fibrinogen concentrate. A 
 dose of 2 g was chosen based on an average weight of 65.9 kg, 
 with a target fibrinogen level of 4 g/L from a mean fibrinogen 
 level of 3.4 g/L after 500-1,000 ml of postpartum blood loss [84]. 


Fibrinogen concentrate was given at time of inclusion, and with-
 out taking body weight or fibrinogen levels (pre-emptive) into 
 account, to ensure quick administration and in accordance with 
 our objectives. Secondary outcomes included total blood loss, 
 total number of RBCs transfused, haemoglobin <58 g/L, and se-
 vere PPH (defined as decrease in haemoglobin >40 g/L, transfu-
 sion of ≥4 RBCs, embolization, arterial ligation, hysterectomy or 
 death).  Furthermore, an important part of the trial was monitor-
 ing of haemostasis and adverse events related to fibrinogen con-
 centrate.  


Inclusion criteria were women with PPH ≥500 ml requiring 
 manual removal of placenta after vaginal delivery or PPH ≥1,000 
 ml after caesarean section or requiring exploration of the uterus 
 after vaginal delivery within 24 hours of delivery. Exclusion crite-
 ria were: known inherited coagulation deficiencies, antenatal 
 anti-thrombotic treatment, pre-pregnancy weight <45 kg, or 
 refusal to receive blood transfusions. A multicentre approach at 
 four university affiliated hospitals in the Capital Region of Den-
 mark was decided on, due to the relatively low incidence of PPH 
 and the plan to include 245 women over a two year period 
 [84,98]. The trial was designed as a superiority trial and the sam-
 ple size was based on the fact that approximately 1% of women 
 giving birth receive blood transfusions and 1.75% have blood loos 


> 1,000 ml, thereby the incidence of transfusion in PPH > 1,000 ml 
 is 57% [106,107]. With an estimated risk reduction of 33%, 
 α=0.005 and 80% power, we would need to include 107 women in 
 each group. This would lead to a requirement of 245 women, if 
 calculating with a 15 % dropout/missing data. A follow-up period 
 of 6 weeks was chosen to monitor re-bleeding/secondary PPH 
 that is defined up to 6 weeks postpartum; and to monitor throm-
 boembolic complications, where there is a known increase in risk 
 up to 6 weeks postpartum [60].  


Study II was an observational study where we investigated 
the influence of transfusions on hysterectomy in women with 
massive postpartum transfusion. To be able to gain a sufficient 
cohort size, we included women from all over Denmark for a 9-
year period from 2001 to 2009. Women were identified by com-



(5)bining data from The Danish National Birth Registry and The 
 Danish Transfusion Database, and included if they received ≥10 
 units of RBCs within a 24 hour period up to 6 weeks postpartum. 


In order to gain sufficient information regarding transfusions, 
 causes, and procedures it was necessary to review all patient 
 charts and extract relevant data. Deliveries from hospitals not 
 included in The Danish Transfusion Database before 2005 were 
 excluded together with women without accessible patient charts, 
 and women receiving blood transfusions due to non-obstetric 
 causes [108]. 


For our final study, study III, the primary outcome was 
 quantity of postpartum blood loss, where we investigated the 
 distribution of causes and the effect of a retained placenta and 
 the third stage of labour. We used data from The Copenhagen 
 Obstetric Database and included all vaginal deliveries from 22 to 
 43 weeks of gestation from 2009 to 2013, in order to obtain a 
 large cohort with a high degree of variation in quantity of blood 
 loss. We excluded all cases with blood loss below 50 ml due to 
 interpretation of faulty registration, and all hospitals reporting to 
 the registry for less than one year [109]. We calculated the dura-
 tion of the third stage of labour from the time of delivery of the 
 neonate until the time of either spontaneous delivery of the 
 placenta or manual removal of the placenta. A retained placenta 
 was defined as diagnosis of AIP, retained placenta or manual 
 removal of either placenta or tissue. The diagnosis “retained 
 placenta” is not used if the placenta is delivered spontaneously. 


When comparing causes with different definitions of PPH 
 (Study III), and between the three studies, each patient was only 
 assigned a single cause. “Retained placenta/tissue” was given as 
 the primary cause for women with retained placenta, retained 
 tissue or AIP. “Lacerations” was given as the primary cause for 
 women without “retained placenta/tissue” and with lacerations 
 of the cervix, vagina or perineum including an episiotomy and 
 paravaginal haematomas. “Other, including atony” was given as 
 the primary cause for women without “retained placenta/tissue” 


or “lacerations”. 


Coordinating a randomized controlled trial 


The randomised multicentre double blinded clinical trial (Study I) 
 was initiated by Dr. Anne Juul Wikkelsø [84]. I was appointed 
 project coordinator after the first patients had been enrolled in 
 the trial, and became responsible for all major aspects of the 
 project for the remainder of the study period. This involved all 
 practicalities, accountability for all patient consents, coordinating 
 blood tests 24/7, securing additional funding, and responsibility 
 for upholding regulations from The Department of Good Clinical 
 Practice, The Ethics Committee, and The Danish Health and Medi-
 cines Authority. The anaesthetist was responsible for patient 
 consent, trial drug administration and primary data collection. 


Other personnel groups also played a large role in the study in-
 cluding anaesthetic nurses taking care of randomisation, drug 
 dispensation, and blood sampling; and obstetricians and mid-
 wives supplying information regarding the trial to as many wom-
 en as possible before delivery. The project coordinators’ main 
 focus regarding training of these four different personnel groups 
 was therefore on adherence to protocol especially regarding 
 informed consent, randomisation, and blinding. 


Informed consent 


Informed consent is required by law according to the Helsinki 
 declaration regarding participation in research studies [110]. For 
 our study, informed consent was obtained either before delivery 
 during preparation for a caesarean section or an epidural, or after 


delivery in the emergency situation when PPH requiring interven-
 tion had been determined. Obtaining informed consent during an 
 emergency situation is known to be difficult, perhaps even more 
 so after delivery in a situation of anxiety and pain [111–113]. The 
 study grouped had sought approval from the local Ethics Commit-
 tee regarding possibility of surrogate consent, but this had been 
 rejected [114]. It was, therefore, crucial that I had focus on all 
 formalities regarding the informed consent. Furthermore, all 
 included women were asked about their experiences regarding 
 the inclusion process in the trial during follow-up. 


Randomisation 


Randomisation together with allocation concealment are the 
 most essential factors in controlling for confounders and eliminat-
 ing selection bias [115]. In our study the randomisation process 
 was computer generated by a third party company before initia-
 tion of the study, and was stratified by centre and in blocks of 
 four to optimise the control for confounders. Furthermore treat-
 ment allocation was concealed by using a centralised service with 
 concealed envelopes. Once randomised, personnel not involved 
 in the treatment of the patient dispensed placebo or fibrinogen 
 concentrate in opaque syringes, thereby concealing allocation to 
 all personnel in charge of further treatment [84]. 


Blinding 


Blinding is used to control for information bias, where interpreta-
 tion of results otherwise can be influenced by knowledge of allo-
 cation [116]. Triple-blinding was a fundamental part of the study’s 
 protocol and involved blinding of patients, personnel involved in 
 treatment, trial investigators, and statisticians [84]. Blinding of 
 fibrinogen measurements was also necessary to prevent clinicians 
 from identifying patients with increasing levels of fibrinogen after 
 infusion of the study drug. Therefore, all fibrinogen analyses at 
 inclusion were analysed by a separate laboratory. To assess the 
 success of blinding we asked all primary anaesthetist involved in 
 the inclusion process and all included women whether they had 
 suspicion of treatment allocation and why.  


Fibrinogen measurements 


All blood samples for fibrinogen were collected, frozen and stored 
 during the study period. After completion of the study all samples 
 were analysed using the Clauss method [117] at one single labor-
 atory, thereby eliminating methodological issues related to dif-
 ferent testing. The normal lower limit of fibrinogen was set at 3.7 
 g/L, [118] but the threshold for hyopfibrinogenaemia was set at 
 2.0 g/L in accordance with the findings from Charbit et al. [81] 


Variables  


The three studies had different data available, but the majority of 
 variables used are the same. The variables included in each study 
 are listed in Table 1. 


Table 1. List of all variables included in study I, II and III. 


Variable  Study 


I  Study 


II  Study 


Maternal age  Xa  III X


Parity  X  Xa X 


Gestational age at delivery  X  Xa X 


Previous Caesarean section  X  Xa X 


Multiple gestation  X  Xa X 


Hypertensive disorders  X  Xa X 


Antepartum haemorrhage  X  X  X 


Previous postpartum   X  Xa



(6)   haemorrhage 


Fertility treatment  X 


Amniotic fluid abnormalities  X  X 


BMI before pregnancy  X  Xa


Maternal weight at term  X 


Birthweight  X  Xa


Time and date of birth  X  X 


Duration of labour  X 


Induction of labour  Xb X 


Augmentation of labour  Xb X 


Time of birth of the placenta  X 


Site of birth  X  X  X 


Placenta praevia  X  Xa X 


Abnormal invasive placenta  X  Xa X 


Foetus presentation  X 


Preterm premature or premature 


rupture of membranes  X 


Neonatal outcome  X 


Episiotomy  X  Xb  X 


Retained tissue  X  Xc X 


Placental abruption  X  Xb X 


Uterine rupture  X  Xb X 


Genital tract lacerations  X  Xc X 


Mode of delivery  X  Xb X 


Reason for non-vaginal delivery  X 


Epidural analgesia  X  X 


Fever during labour  X 


Shoulder dystocia  X 


Uterine inversion  X  X  X 


Quantity of blood loss  X *  X  X 


Blood transfusions  X **  X 


Other causes of postpartum 


haemorrhage  X 


Time of start of bleeding  X  X 


Time of haemostasis  X 


Cumulated use of colloids or crys-


talloids  X *  X 


Cumulated use of uterotonics  X *  X 
 Cumulated use of fibrinogen, 


tranexamic acid, or recombinant 
 factor VIIa 


X *  X 


Surgical procedures performed  X  X 


Timing of consent  X 


Blood pressure and heart rate  X * 
 Measurements of fibrinogen, 


haemoglobin and platelets  X * 
 Postoperative complications   X  X 
 Adverse events after study drug  X 


Thromboembolic complications  X  X 


Death  X  X 


Assessment of blinding  X 


* Measured at inclusion and 15 minutes, 4 hours and 24 hours after 
 study drug. 


** Measured at inclusion and 15 minutes, 4 hours, 24 hours, 7 days, 6 
 weeks postpartum. 


a Antenatal risk factors (age >35, BMI >35, Parity >3, birthweight 


>4,000g, Gestational age >42 weeks. 


b Labour and delivery risk factors (mode of delivery = caesarean sec-
 tion or operative vaginal delivery) 


c Postpartum risk factors


Statistical analyses 


The results of study I were analysed as an intention-to-treat (ITT) 
 population and as a per-protocol population. The ITT analysis was 
 performed prior to disclosure of allocation and included all partic-
 ipants with informed consent that had been randomised, irre-
 spective of whether they fulfilled exclusion criteria or whether 
 they received the complete allocated treatment. The per-protocol 
 analysis was performed after disclosure of allocation and exclud-
 ed any participants that fulfilled exclusion criteria or received 
 incomplete allocated treatment. Chi2 test was used for binary 
 outcome measures and Student’s t-test or Wilcoxon rank-sum 
 test for continuous measures of unadjusted analyses. These re-
 sults are presented as relative risks with a 95% confidence inter-
 val (CI). Logistic regression analysis was used for adjusted anal-
 yses of association between baseline variables, allocated 
 treatment, stratification variable (centre) and primary outcome. 


Logistic regression analysis was also used for post hoc analysis of 
 association between significant baseline variables including strati-
 fication variable (centre) and primary outcome. These results are 
 presented as odds ratios (OR) with a 95% CI. Changes in fibrino-
 gen and haemoglobin levels during the first 24 hours after study 
 drug infusion were compared between groups using longitudinal 
 analysis (mixed-effect model). 


For study II we used univariate logistic regression analyses 
 to evaluate differences between women treated with and with-
 out hysterectomy. Analyses used to determine differences in-
 cluded Chi2 test for categorical variables, t-test for normally dis-
 tributed continuous variables, and Kruskal-Wallis for non-
 normally distributed continuous variables. 


The outcome measure of quantity of blood loss in study III 
 was logarithmic transformed (log10) due to substantial skewed 
 non-normal distribution. Univariate and multivariate linear re-
 gression analysis were used to evaluate variables and their influ-
 ence on quantity of postpartum blood loss. These results are 
 presented as β-coefficients and 95% CI. Interpretation is quite 
 simple: you obtain the percent change in the predicted quantity 
 of postpartum blood loss for each variable by raising 10 to the 
 power of the β-coefficient and subtracting 1.00.  


For all studies a two-sided p-value of <0.05 was consid-
 ered statistically significant. All data analyses were carried out 
 using either R statistical software (R Foundation for Statistical 
 Computing, Vienna, Austria) or SPSS 22.0 (SPSS, Chicago, IL, USA). 


RESULTS 


Study I: Pre-emptive treatment with fibrinogen concentrate for 
postpartum haemorrhage: randomized controlled trial 
This was the first published RCT with fibrinogen concentrate in 
obstetrics. A total of 249 women were randomised during the 
planned study period of two years (Figure 1). No-one was lost to 
follow-up but five women were excluded due to insufficient in-
formed consent, three of whom did not receive intervention. This 
left 244 women for the ITT analysis; 123 in the fibrinogen group 
and 121 in the placebo group (Figure 2). The mean estimated 
blood loss at inclusion was 1,459 ml (SD ±476) with the majority 
(84%) included after vaginal delivery and due to retained placen-
tal tissue (64%). The mean fibrinogen concentration at inclusion 
was 4.5 g/L, with 2.2% below 2 g/L. The fibrinogen concentrate 
dose of 2 g/L corresponded with a dose of 26mg/kg and signifi-
cantly increased the fibrinogen concentration 0.40 g/L (CI: 0.15-
0.65) compared to the placebo group 15 minutes after admin-
istration. 



(7)A total of 25 (20.3%) of the fibrinogen group and 26 
 (21.5%) of the placebo group received a RBC transfusion during 
 the 6 week follow-up, with no significant difference in RBC trans-
 fusion at any time point registered (Table 2). The majority of 
 women received their blood transfusions within the first 24 
 hours, and all first transfusions were initiated within the first 
 week. We found no significant difference between the two 
 groups in regard to any of the remaining secondary outcomes 
 (Table 2).  


Figure 2. Flow diagram of enrolment. (Adapted from “Pre-emptive 
 treatment with fibrinogen concentrate for postpartum 


haemorrhage: randomized control trial” [98]). 


Assessed for 
 eligibility 
 (n=1967) 


Randomized   
 (n=249)  


• No informed 
 consent given 
 (n=5) 


Intention to treat 
 analysis (n=244)  


• Received subtotal 
 dose (n=2) 


• Fulfilled exclu-
 sion criteria and 
 excluded after 
 randomization 
 (n=3 


Per protocol 
 analysis 
 (n=239) 


Excluded 
 (n=1718) 


• Due to exclusion criteria (n=22) 


• Not meeting inclusion criteria (n=655) 


• Declining to participate (n=592) 


• Not able to give informed consent (n=449) 


We did, however, find a significant association between fibrino-
 gen concentration after intervention and the risk of transfusion, 
 but this effect was no longer significant after adjustment in the 
 multivariable analysis (Table 3). 


There was no difference in adverse events in the two 
 groups at 24 hours post-intervention, including dizziness, shiver-
 ing, headache, abdominal pain, nausea or vomiting. Furthermore, 
 there were no thromboembolic complications in either group by 
 the 6-week follow-up and very few readmissions, with no differ-
 ence between the groups. 


Out of the 235 anaesthetists that evaluated blinding, a to-
 tal of 220 (94%) had no idea about treatment allocation. Howev-
 er, nine (4%) guessed that their patient had been allocated to 
 fibrinogen due to the presence of foam in the tubes, and one 
 knew their patient had been allocated to placebo due to deliber-
 ate un-blinding as a result of universal urticaria.  


Table 2. Unadjusted analysis of primary and secondary outcome 
 measures. Intention to treat analysis. (Adapted from “Pre-emptive 
 treatment with fibrinogen concentrate for postpartum haemor-
 rhage: randomized control trial” [98]). 


      


   * Chi2 test, ** Wilcoxon test, *** t-test 
    CI = Confidence interval, RBC = Red Blood Cell.


Table 3. Post hoc univariate and multivariate analysis for odds 
 ratios of RBC transfusion. Intention to treat analysis. (Adapted 
 from “Pre-emptive treatment with fibrinogen concentrate for 
 postpartum haemorrhage: randomized control trial” [98]). 


Variable  Univariate analysis 


Odds ratio  95% CI  p-value 
 Fibrinogen level at 


15 minutes  0.65  0.47-0.87  0.005 


Centre No.2  0.38  0.12-1.07  0.08 


Centre No.3  0.51  0.19-1.30  0.16 


Centre No.4  0.68  0.32-1.52  0.34 


Trauma  2.82  1.50-5.46  0.002 


Tissue  2.11  1.07-4.45  0.04 


Baseline estimated 


blood loss (ml)  3.56  1.88-6.96  <0.001 
 Outcome  Fibrinogen  Placebo  Relative risk 


(95% CI)  p-value 
 Any RBC trans-


fusion at 6 
 weeks 


25 (20.3%)  26 (21.5%)  0.95 (0.58-


1.54)  0.88* 


Any RBC trans-
 fusion at 4 
 hours 


4 (3.3%)  10 (8.3%)  0.39 (0.13-


1.22)  0.11* 


Any RBC trans-


fusion at 24 hrs  14 (11.4%)  19 (15.7%)  0.72 (0.38-


1.38)  0.35* 


Any RBC trans-


fusion at 7 days  25 (20.3%)  26 (21.5%)  0.95 (0.58-


1.54)  0.88* 


Total number of 


RBCs   0  [0-0]  0  [0-0]  0.83** 


Post-
 intervention 
 estimated blood 
 loss 


1,700  
  [1,500-
 2,000] 


1,700 
  [1,400-200] 


66 


  [-78;210]  0.37*** 


Severe PPH  20 (40.0%)  24 (52.2%)  0.77 (0.49-


1.19)  0.31* 


Figure 1. Optimal and cumulated inclusion rates of patients.  
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(8)Baseline haemoglo-


bin (g/L)  0.95  0.93-0.97  <0.001 


Baseline crystalloids 


(L)  1.49  1.02-2.19  0.04 


Crystalloids post-


intervention (L)  1.62  1.14-2.31  0.007 


Systolic blood 
 pressure 


<100mmHg 


2.60  1.03-6.28  0.04 


Variable  Multivariate analysis 


Odds ratio  95% CI  p-value 
 Fibrinogen level at 


15 minutes  0.9  0.6-1.34  0.605 


Centre No.2  0.66  0.16-2.67  0.561 


Centre No.3  0.38  0.08-1.68  0.211 


Centre No.4  0.6  0.19-1.96  0.391 


Trauma  3.96  1.54-11.04  0.006 


Tissue  2.17  0.82-6.3  0.133 


Baseline estimated 


blood loss (ml)  3.36  1.32-9.03  0.013 


Baseline haemoglo-


bin (g/L)  0.38  0.24-0.58  < 0.005 


Baseline crystalloids 


(L)  1.32  0.75-2.37  0.342 


Crystalloids post-


intervention (L)  1.97  1.21-3.38  0.009 


Systolic blood 
 pressure 


<100mmHg 


0.62  0.14-2.91  0.535 


   CI = Confidence interval 


Out of the 1,967 women assessed for eligibility in the trial 
 22 (1.3%) fulfilled exclusion criteria, 592 (30%) declined to partic-
 ipate, and 449 (23%) were unable to give informed consent due 
 to: 1) the acute situation (10%), 2) their psychological state (7%), 
 3) the language barrier (29%), 4) were uninformed of the study 
 (48%), or 5) had other reasons (6%) (Figure 2). A total of 186 of 
 the included women (76%) had had a positive experience of the 
 trial, but 39 (16%) would have liked more information, 12 (5%) 
 found timing of consent difficult, and 2 (1%) regretted participat-
 ing in the trial. 


Study II: Massive postpartum transfusion: a multidisciplinary 
 observational study 


A total of 245 women received massive transfusion of ≥10 units of 
 RBC due to PPH, with 128 (52.2%) requiring hysterectomy in an 


effort to gain haemostasis.  A total of 163 (66.5%) gave birth by 
 caesarean section, 19 (7.8%) by instrumental delivery and 63 
 (25.7) by vaginal delivery. The median total blood loss was 8,000 
 ml ranging up to 53,000 ml, and with 57 women (24.2%) receiving 
 more than 20 units of RBCs. The women spent a median of 9 days 
 (IQR: 6-14) in hospital, with 170 (69.4%) spending a minimum of 
 24 hours in an Intensive Care Unit. Two women (0.8%) died, and 
 an additional six (2.4%) had a cardiac arrest. 


Haemorrhage started either just before or just after delivery 
 (median 0 minutes, IQR: -7; +8 minutes), but first surgery after 
 vaginal delivery was not performed before a median of 70 
 minutes (IQR: 41-157) after haemorrhage started. For all deliver-
 ies the median time from haemorrhage to the first RBC transfu-
 sion was 120 minutes (IQR: 49-229). The mean ratio of FFP:RBC 
 given at the end of surgery leading to haemostasis was 0.45 
 (±0.23), with a significant increase from the 2001 to 2009, 
 p=0.005 (Figure 3). The majority of RBC transfusions in women 
 requiring hysterectomy were given before or during hysterectomy 
 (median 13, IQR: 10-19). 


Figure 3. Mean FFP:RBC ratio of all women from 2001 to 2009. 


Whiskers indicating Interquartile range. 


   FFP = Fresh Frozen Plasma, RBC = Red Blood Cell.


From the data we had available, we identified 23 known 
 risk factors seen either antenatally, during labour and delivery, or 
 postpartum (Table 1). A total of 244 (99.6%) had at least one of 
 these risk factors, 191 (78%) had an antenatal risk factor, 217 
 (89%) had a labour or delivery risk factor, and 80 (33%) had a 
 postpartum risk factor. 


Causes of PPH were divided into causes of onset and sub-
 sequent causes not involved in the onset of PPH. There was a 
 wide variation in causes overall and also a variation in the two 
 subgroups of causes with the main causes of onset dominated by 
 atony (n=93; 38%), abnormal invasive placenta (n=62; 25%), 
 unintended extension of the uterine incision (n=59; 24%), genital 
 tract lacerations (n=60; 24%), and retained tissue (n=42; 17%) and 
 subsequent causes dominated by atony (n=77; 53%), coagulopa-
 thy (n=31; 21%) or haematomas (n=17; 12%) (Figure 4). 
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In the 64 cases of AIP, only 6 were identified prior to de-
 livery, all of which needed a hysterectomy. A total of 36 (56%) of 
 women with an AIP had placenta praevia, 36 (56%) had a previous 
 caesarean section of which 26 (41%) had both. Leaving a total of 
 18 women (28%) that had neither. However, the 36 women with 
 placenta praevia and AIP constituted 86% of women with placen-
 ta praevia. 


Figure 4. Total number of women with each cause divided into 
 primary causes and subsequent causes emerging after onset of 
 haemorrhage. Multiple causes were possible. (Adapted from the 
 manuscript “Massive postpartum transfusion: a multidisciplinary 
 observational study” [108]) 


A wide variation of procedures was performed in an attempt to 
 gain haemostasis. Hysterectomy was performed most widespread 
 (n=128, 52%), closely followed by suturing of genital tract lacera-
 tions (n=95, 39%), intrauterine palpation (n=85, 35%), extra sutur-
 ing of the uterotomy (n=76, 31%), and B-lynch suture (n=71, 


29%). There was a large variation in the procedures’ ability to gain 
 haemostasis, with 100% of splenectomies (n=4), 70% of hysterec-
 tomies (n=90), and 67% of embolizations (n=2) gaining haemosta-
 sis. The procedure that gained haemostasis varied between the 
 different causes. Hysterectomy had the most substantial role in 
 gaining haemostasis in cases of AIP and/or placenta praevia, 
 placental abruption and retained tissue (Figure 5). 


Figure 5. Procedures that gained haemostasis for each primary 
 cause of onset. 


We found that the 128 women requiring hysterectomy 
 had a higher rate of previous caesarean section (p=0.002), placen-
 ta praevia (p<0.001), and AIP (p<0.001). Furthermore, they had 
 greater blood loss (p<0.001) and received more units of RBCs 
 (p<0.001), FFP (p<0.001) and PLTs (p<0.001) than women not 
 requiring a hysterectomy. The FFP:RBC ratio was also higher in 
 the hysterectomy group at time of haemostasis (p=0.010), but 
 they received significantly more RBCs before their first PLT trans-
 fusion (p=0.006) (Table 4).  


A total of 38 (29.7%) of the hysterectomies performed did 
not lead to haemostasis. Women requiring further surgical man-
agement had a significantly higher rate of previous caesarean 
section and received higher volumes of RBCs, FFP, PLTs and col-
loids, and also had a higher ratio of FFP:RBC before initiating the 
surgery that led to haemostasis (Table 5). 



(10)Table 4. Characteristics of women with massive postpartum 
 transfusions with and without hysterectomy. Comparison by 
 univariate logistic regression. Data presented as n (%), mean ± SD 
 or median  [IQR]. (Adapted from the manuscript “Massive post-
 partum transfusion: a multidisciplinary observational study” 


[108]) 


Hysterectomy  No  


hysterectomy  p-value 
 Maternal characteristics 


Maternal age  34.0 ± 4.6  31.3 ± 5.1  < 0.001 
 Gestational age 


(missing n=12)  266 ± 23.9  274 ± 24.1  0.012 


Parity  2.4 ± 1.2  1.6 ± 0.8  < 0.001 


Previous caesarean 


section  50 (39.1)  24 (20.5)  0.002 


Placenta praevia  36 (28.1)  6 (5.1)  <0.001 
 Emergency caesare-


an section  59 (46.1)  66 (56.4)  0.11 


Birthweight  >4,000g  15 (11.7)  29 (24.8)  0.009 
 Characteristics of PPH 


and treatment 
 Number of RBCs be-
 fore first PLT (miss-
 ing n=62) 


10  [6-13]   8  [5-10]   0.006 
 Number of FFP be-


fore first PLT (miss-
 ing n=62) 


4  [2-5]   2  [1-4]   0.025 
 RBC = Red Blood Cell, FFP = Fresh Frozen Plasma, PLT = Platelets. 


Bold indicates significant p < 0.05 


Table 5. Comparison of characteristics of women requiring hys-
 terectomy not leading to haemostasis with hysterectomy leading 
 to haemostasis. Data presented n(%), mean ±SD or median [IQR]. 


Hysterectomy, 
 non-
 haemostasis,   


n= 38 


Hysterectomy, 
 haemostasis, 


n=90  p-value 


Maternal characteristics 
 Previous Caesarean 


section  21 (55.3)  29 (32.2)  0.020* 


Characteristics of PPH 
 Time from start of life 
 threatening haemor-
 rhaging to haemosta-
 sis (hours:minutes) 


11:52  [5:48-


20:52]  3:00  [2:00-4:52]  0.000** 


Characteristics of trans-
 fusions 


Total no. of RBC at 


haemostasis  20  [15-27.5]  14  [11-19]  0.000** 


Total no. of FFP at 


haemostasis  10  [6-17.5]  7.5  [4-10]  0.007** 


Total no. of TRC at 


haemostasis  3.0  [1-3]  2.0  [0.75-3]  0.035** 


FFP:RBC ratio before 


start of haemostasis  0.45±0.28  0.28±0.31  0.007*** 


surgery 
 Total crystalloids 


(ml)  8,000  [7,000-


11,200]  6,000  [5,000-


8,000]  0.000** 


Recombinant Factor 


VIIa, any  13 (36.1)  15 (17.4)  0.034* 


Complications 
 Hospitalization 


(days)  11  [8-19]  9  [6-16]  0.048** 


Total blood loss 


(ml)  11,100  [9,000-


14,000]  8,800  [7,500-


11,000]   0.003** 


Time in intensive 


care (n=242) (days)  1  [0.75-2.5]  1  [0.5-1]  0.006** 


PPH = Postpartum haemorrhage, RBC = Red Blood Cell, FFP = Fresh Frozen 
 Plasma, PLT = Platelets 


*Chi2 test, ** Kruskal-Wallis analysis, *** t-test. Bold indicates p <0.05 
 Study III: Causes and predictors of postpartum blood loss: a 
 cohort study 


We identified 43,357 vaginal deliveries with a median of blood 
 loss of 300 ml (IQR 200-400). There was a significant change in 
 the distribution of causes the higher the cut-off used for defining 
 PPH in the cohort. In cases of blood loss ≥500 ml (n=7,514) re-
 tained placenta accounted for 12%, lacerations 57%, and other 
 causes including atony the remaining 31%. When increasing the 
 cut-off to blood loss ≥1,000 ml (n=2,198) retained placenta ac-
 counted for 34%, lacerations 44%, and other causes including 
 atony 22%. Further increase in the cut-off to blood loss ≥1,500 ml 
 (n=1,113) led to retained placenta accounting for 47%, lacerations 
 37%, and other causes including atony 16%. Finally, in the cohort 
 with a cut-off of blood loss at ≥2,000 ml (n=546) 53% were caused 
 by retained placenta, 34% by lacerations, and 14% by other caus-
 es including atony.  


A multivariate linear regression model was used to identi-
 fy all available risk factors with a significant effect on the predic-
 tion of quantity of blood loss. This model accounted for 23.2% of 
 the variability in quantity of postpartum blood loss (R2=0.232). 


Figure 6 represents the variables with the highest signifi-
 cant effect on prediction of quantity of postpartum blood loss in 
 the final multivariate analysis model, illustrated in percent 
 change. Uterine rupture, uterine inversion and eclampsia all had 
 very high significant effects, but had very wide CIs as they con-
 sisted of less than five cases each, and have therefor not been 
 included in the illustration. The effect of the duration of the third 
 stage of labour was decreased substantially in the multivariate 
 analysis compared to the univariate analysis, a reduction that was 
 mainly facilitated by including “retained placenta” in the model 
 (see full model analysis in the manuscript: “Causes and predictors 
 of postpartum blood loss: a cohort study” [109]). Figure 6 illus-
 trates the minimal effect the third stage of labour has on the 
 predicted quantity of postpartum blood loss if a retained placenta 
 is identified. We also identified factors with a negative effect on 
 prediction of quantity of postpartum blood loss, i.e. a protective 
 effect on blood loss. These included second or third parity (-
 3.17%, CI: -4.3 to -1.8), oligohydramnios (-6.0%, CI:-10.7 to -1.1), 
 chorioamnionitis (-29.7%, CI: -46.3 to -7.7), gestational age 22-32 
 weeks (-19.8%, CI:-24.1 to -15.1) and gestational age 33-36 weeks 
 (-6.9%, CI: -10.3 to -3.6). 


Some of the identified risk factors are caused by proce-
dures performed by obstetricians and midwives at a previous 
delivery or at the delivery in question (e.g. augmentation, previ-
ous caesarean section, medical induction or artificial rupture of 



(11)membranes). These iatrogenic risk factors play an increasing role, 
 the larger the cut-off used for defining PPH. Furthermore, fewer 
 women had none of the risk factors included in the model, the 
 larger the cut-off (Figure 7).  


Figure 6. Percent change each risk factors affected the mean 
 predicted quantity of blood loss. Whiskers represent Confidence 
 Intervals. 


Figure 7. Percentage of women with iatrogenic risk factors or no 
 risk factors for different definitions of postpartum blood loss. 


(Women with “no risks” had none of the following risk factors: previous 
 caesarean section, multiple pregnancy, hypertensive disorders, antepar-
 tum haemorrhage, oligohydramnios or chorioamnitis, gestational age <42 
 weeks, augmentation or induction of labour, low/mid cavity operative 
 delivery, episiotomy, lacerations, fever during labour, uterine inversion, 
 shoulder dystocia, epidural analgesia, uterine rupture, placental abruption 
 and retained placenta) 


Causes of PPH in vaginal deliveries: Study I, II and III 


In all three studies, we identified the causes of PPH. Even though 
 they are not all assessed in the same way, it is still interesting to 
 compare them, as they represent three different severities of 
 PPH. Study III consisted of vaginal deliveries, where each case was 
 assigned a single cause. Therefore, we applied the same method 
 to study I and II, including only vaginal deliveries and giving all 
 women only one cause. ”Retained placenta/tissue” was assigned 
 first, then “lacerations” and finally “others, including atony” (see 
 methods and materials). Study II and III are population based 
 studies. As study II was comprised of the most severe cases of 
 PPH it can be seen as a continuation of study III that mainly con-
 sisted of cases with PPH <2-3L (figure 8). Study I included a se-
 lected cohort of women able and willing to give informed con-
 sent, and is therefore not directly comparable to the population 
 based studies, but it is still shown to the right in figure 8. Figure 8 
 illustrates the increasing role of a retained placenta and the de-
 creasing role of atony the higher the blood loss in cases of PPH. 


Figure 8. Distribution of causes for all vaginal deliveries in study I, 
 II, and III. 


DISCUSSION 
 Overall findings 


•  Severe PPH could not be prevented with a fixed pre-
 emptive dose of fibrinogen in women with normofibrin-
 ogenaemia. The study was not large enough to evaluate 
 rare complications such as thromboembolisms. 


•  Women with massive postpartum transfusion had a 
 high incidence of severe morbidity and hysterectomy. 


Only 70% of the hysterectomies resulted in haemosta-
 sis. Women treated with hysterectomy had higher 
 blood loss, and received more transfusions of RBCs, FFP 
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(12)and PLTs, than women not treated with hysterectomy 
 during massive postpartum transfusion.  


•  The distribution of causes of PPH varied depending on 
 the severity of PPH, with atony playing a smaller role 
 and retained placenta a larger role than first anticipat-
 ed. Retained placenta was, furthermore, a strong pre-
 dictor of quantity of blood loss and diminished the ef-
 fect a prolonged duration of the third stage of labour 
 had on prediction of quantity of blood loss.  


Strengths and limitations 
 Study I 


Completing an RCT in an acute setting in obstetrics in the time 
 frame planned, and only using independent funding is an accom-
 plishment and strength in itself. What further strengthened the 
 study were the successful block randomisation and allocation 
 concealment reducing confounders and selection bias, and dou-
 ble-blinding of the majority of clinicians and all patients, thereby 
 limiting performance bias. Furthermore, the external validation is 
 strengthened through our ability to include women, through a 
 multicentre set-up with few exclusion criteria. Limitations in this 
 study are, however, also present. Considerably fewer women 
 included in the trial received RBC transfusions than first anticipat-
 ed (placebo group 21.5%, estimate for sample size calculations 
 57%). The fact that we did not meet a transfusion rate of 57% 


results in a lower statistical power. If we wanted to find a risk 
 reduction of 33% (and 15% dropout) we would have needed to 
 include 1,021 women. Therefore the study was not powered to 
 evaluate the planned effect of fibrinogen concentrate. In a recent 
 randomised controlled trial of 56 women with severe PPH >1,000 
 ml, 31 women (55%) received at least one blood transfusion, 
 however, they also found no risk reduction when increasing the 
 fibrinogen level from approximately 3 g/l to 4 g/L.  


One of the reasons for our low rate of transfusions could 
 be the inability to include women with the most severe PPH, 
 either due to the women being incapable of giving an informed 
 consent or due to the clinicians being unable to cope with further 
 challenges in an already critical situation. This is discussed further 
 below. We have as yet not been able to extract data regarding 
 women who were not included in the study with regard to their 
 quantity of PPH. Another reflection of the low inclusion rate of 
 the most severe cases of PPH, can be seen in the low rate of 
 women with fibrinogen concentrate <2 g/L at inclusion, which 
 was the group expected to have the highest effect of an increase 
 in fibrinogen. Even four hours after intervention when the esti-
 mated blood loss was close to 3 L, the mean fibrinogen level in 
 the placebo group was above 4 g/L. Our findings of a higher level 
 of fibrinogen in women with severe PPH are discussed below. 


Even though 120 women received 2g of fibrinogen con-
 centrate it was not enough to assess the risk of thromboembolic 
 complications. In our population the risk of venous thromboem-
 bolic complications is estimated at 0.7-2.0/1,000 pregnancies 
 [60], therefore even if fibrinogen concentrate caused a two-fold 
 increase in risk, we would not necessarily have seen a single case 
 in our cohort during the six week follow-up.  


Study II 


With massive transfusion being a rare occurrence in obstetrics, a 
 cohort of this size, with only six case files missing, gives a good 
 description of a group of extremely severe cases. Identification of 
 the cohort through Danish national registries representing the 
 majority of births in Denmark in the chosen period increased the 
 external validity. Detailed validation of the data obtained through 


patient files using standardised abstraction forms for all patients, 
 excluding women receiving massive transfusion due to non-
 obstetric complications, strengthened the internal validity, and by 
 using only one abstractor we minimised interrater variability.   


Some aspects of selection bias have been accommodated 
 through well-defined inclusion criteria of  ≥10 RBC transfusions 
 and childbirth, establishing a cohort from national registries of 
 known high validity [103,119]. However, selection bias in general 
 is one of the major limitations of this study, due to non-random 
 assignment of not only treatment, but in our case probably also 
 the outcome of hysterectomy, both of which could be highly 
 influenced by confounders, that we could not take into considera-
 tion. These confounders include experience level of the clinicians 
 involved in treating these severe cases and availability of blood 
 products. Both of these correlate to some extent with a large 
 birth place. Size of birth place was included in the analyses, but 
 this can in no means take the whole effect into account. Multivar-
 iate analysis increases selection bias further, excluding all cases 
 with missing values in variables included, perhaps causing a selec-
 tion of more severe cases where recording of information was 
 more thorough. All in all determination of causation is not possi-
 ble due to confounding-by-indication where the decision to per-
 form hysterectomy could be influenced by failure of treatments 
 attempted before the decision to perform hysterectomy. Fur-
 thermore, our findings could be due to random error, as the level 
 of significance at p<0.05 still leaves a risk of 1/20 that our findings 
 could be obtained by chance.  


Study III 


Cohort studies of this size increase the probability of identifying 
 true association, and by using multivariate regression analysis we 
 were able to account for multiple factors that could influence the 
 prediction of quantity of postpartum blood loss. Known high 
 validity of the Obstetric Database strengthens this study  [105], 
 and as the population included has known homogeneity with the 
 rest of Denmark, external validity is increased [120]. The limited 
 exclusion criteria reduced selection bias, but could not eliminate 
 this completely due to exclusion of cases with missing data. In 
 addition missing data contributed to further limitations, as we 
 were not able to include possible confounders (pervious PPH, BMI 
 and birthweight) in the model. As in study II there is a risk of 
 random error, albeit smaller as the majority of p-values fall below 
 0.001.  


Clinical trials in emergency obstetrics 


Clinical trials are important in all fields of medicine, but are fairly 
rare in emergency obstetrics probably due to challenges with 
informed consent and the recruitment process [111,113]. We also 
met several of these challenges and had an initial slow inclusion 
rate in study I, partly due to the multi-centre set-up and 24 hour 
recruitment under emergency situations. Under these circum-
stances it is not possible for the project coordinator to be on site 
for each inclusion but relies instead on the staff on duty feeling 
properly prepared for all aspects of the inclusion process. It is well 
known that slow recruitment is one of the main problems in 
clinical trials, with as little as 31% of trials meeting recruitment 
targets, even fewer in emergency medicine [121,122]. We man-
aged to overcome the slow inclusion rate once all fours sites had 
got used to inclusion, but the trial was still affected by some of 
the known obstacles of trials in emergency obstetrics, as illustrat-
ed by the large number of women declining to participate (30%) 
or unable to give informed consent (23%). This could be the rea-
son that we did not include women with the most severe PPH, 
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