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Summary
Postpartum hemorrhage (PPH) is still the leading cause of perinatal death in women of repro-
ductive age. It is characterized by high dynamics, and most women die within the first day of 
puerperium and as many as 88% of them within the first 4 hours from the onset of hemorrhage. 
Management of each massive obstetric hemorrhage requires interdisciplinary, team-based and 
multidirectional action. The need for simultaneous application of uterotonic agents, surgical 
and/or endovascular methods as well as procedures aimed at restoring volume and hemostasis 
should be emphasized. The protocol for the management of severe PPH should be individu-
alized and take into account hemorrhage etiology. Each time the volume of circulating blood 
as well as the degree of blood loss have to be determined, and the adequate procedures, the 
starting points for implementing aggressive treatment and the satisfactory end points must be 
defined. The most common cause of severe, life-threatening PPH is uterine atony. Restoration 
of hemostasis in massive PPH consists in transfusion of blood components, administration of 
antifibrinolytic drugs and coagulation factor concentrates, rFVIIa included. Patient survival 
is often determined by the very risk assessment for hemorrhage, early diagnosis and rapid 
implementation of PPH management algorithms.
Key words: hemorrhage, massive life-threatening PPH,  
severe postpartum hemorrhage, massive transfusion, hemostasis, rFVIIa

J. Transf. Med. 2023; 16:1–11

Postpartum hemorrhage (PPH) is still the 
most common cause of perinatal death in women 
of reproductive age [1, 2]. It is characterized by 
high dynamics, and its occurrence may surprise the 
obstetrician team. Most women die within the first 
day of the postpartum period, and as many as 88% 
during the first 4 hours of the onset of hemorrhage 
[3]. Most likely, even up to 90% of these deaths 

could have been avoided if standardized medical 
procedures were implemented [4]. Management 
of each massive obstetric hemorrhage should be 
interdisciplinary, team-based and multidirectional. 
The management strategy emphasizes the need for 
administration of uterotonic agents, surgical and/or 
endovascular procedures aimed at restoring hemo-
stasis [5]. Patient survival is often determined by 
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the physician’s awareness of the risk for hemorr-
hage, early diagnosis and rapid implementation of 
PPH management algorithms. 

It is not easy to precisely define PPH; there is 
currently no single satisfactory definition as reflec-
ted by several terms referring to this emergency 
the use of which depends on the accepted criterion 
[6]. The multitude of definitions is most likely one 
of the reasons for delayed implementation of proper 
management. PPH is most commonly defined as 
the loss of 2000 ml of circulating blood. This term 
however is too general and not sufficiently precise. 
From the point of view of hemodynamic changes, 
systemic effects/consequences and necessity of 
timely therapeutic decisions, more functional seem 
definitions referring to the rate of blood loss at 
a definite time interval in relation to the patient’s 
circulating blood volume. The most reliable defi-
nition of massive PPH refers to the loss of 20% of 
circulating blood which corresponds to a loss of 
150 ml/minute [7]. The current algorithms for the 
management of severe postpartum hemorrhage 
(sPPH), severe) are based on the physiology of the 
womant’s homeostasis and hemostasis in pregnan-
cy and puerperium as well as on the cellular model 
of thrombus/clot formation and dissolution [8–10].

The maternal organism adapts itself to the 
developing pregnancy and the process of adaptation 
induces changes in numerous systems and organs. 
The adjusted mechanisms regulate the pregnant 
woman’s homeostatic system at the molecular, 
immunological, hormonal and neurogenic levels, 
and together with the function and role of the 
uteroplacental unit they determine her response 
to nociceptive stimuli. In response to peripartum 
haemorrhage, the adaptative ability of the circulato-
ry and coagulation systems is of crucial importance 
as is the disturbed equilibrium between thrombus 
formation and fibrinolysis within the placenta [11]. 

At the term of delivery, the serum platelet 
count of pregnant women is lower than in the po-
pulation of non-pregnant women as caused by subli-
minal disseminated intravascular coagulation (DIC) 
only in placental capillaries. A pregnant woman 
synthesizes 200–500% of all coagulation factors, 
with the exception of factor XIII (FXIII), which is 
a fibrin stabilizing factor [12]. FXIII activity cannot 
be assessed with such routine tests as: activated 
partial thromboplastin time (APTT), prothrombin 
time (PT) and thrombin time (TT) [13].

In response to vascular injury, the body in labor 
or postpartum rapidly forms a clot which is unstab-
le. “Point of care” testing ([POC]: TEG — throm-
boelastography, ROTEM — thromboelastometry) 

used to assess the overall physiological response 
of the system of clot formation and dissolution, 
display a hypercoagulable profile for pregnancy. 
Hypercoagulability is primarily determined by an 
increased concentration of coagulation factors, 
fibrinogen included [14–16]. 

Fibrinogen plays a key role at all stages of he-
mostasis, including platelet hemostasis, clot forma-
tion and fibrinolysis. Recent research emphasizes 
the correlation between fibrinogen concentration 
at delivery and the risk of PPH; this refers to 
20–25% of patients with a fibrinogen level > 4 g/l. 
Hemorrhage might be expected in 50% of pregnant 
women with normal fibrinogen level at term, while 
all pregnant women with a fibrinogen level < 2 g/l 
are likely to develop PPH [17].

Placental hemostasis is characterized by 
a disturbed equilibrium/balance between TF (tis-
sue factor) and TFPI (tissue factor inhibitor) and 
impaired fibrinolysis which occurs as result of 
adaptive changes [18, 19]. Activation of the coa-
gulation system and increased TF expression are 
the main mechanisms that protect the parturient 
against excessive blood loss following placental ab-
ruption, while impaired fibrinolysis facilitates fibrin 
deposition and clot formation. Physiological pla-
centa abruption is associated with a simultaneous 
reduction in platelet count and lower concentration 
of coagulation factors involved in the process of 
clot formation [20, 21]. Fibrinogen level is reduced 
not only as result of clot formation, but also due 
to deposition of fibrinogen in the extraplacental 
hematoma. Fibrinolysis impairment facilitates clot 
formation, while the relative deficiency of factor 
XIII in pregnant women is responsible for lower 
cohesion, stability and durability. In the physiolo-
gical bleeding at normal delivery, fibrinolysis is 
significantly impaired and clot-formation activity 
predominates [22, 23]. 

Any hemorrhage in the perinatal period acti-
vates fibrinolysis within the endometrium and 
induces a mechanism of a vicious circle that in-
tensifies blood loss [24]. Fibrinolysis in PPH 
results from endothelial ischemia and increased 
activity of tissue plasminogen activator (tPA) [25]. 
A major problem in controlling PPH is fibrinolysis 
in capillaries [26]. Activation of fibrinolysis at the 
onset of hemorrhage may be confined merely to 
the extraplacental site and often goes undetected 
with POC methods such as thromboelastography 
or thromboelastometry (TEG, ROTEM). Due 
to fibrinogen consumption and deposit following 
physiological placenta separation, the lowest 
fibrinogen concentration is observed on the first 
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postpartum day and in such cases PPH correlates 
with severe coagulopathy, afibrinogenemia and 
life-threatening hemorrhage which is difficult to 
control with conventional methods [27]. Fibrinogen 
is an acute-phase protein and its concentration 
increases systematically from the 72nd postpartum 
hour. Additionally, in the first 3 postpartum days, 
platelet adhesion and aggregation is impaired [28]. 

Management of sPPH requires defining the 
parturient’s circulating blood volume, the degree 
of blood loss, the starting points for aggressive 
management and the satisfactory end points as well 
as timely implementation of adequate procedures 
[29–31].

The most common cause of severe, life-thre-
atening PPH is uterine atony (70% PPH) [32]. In 
the setting of the maternity/obstetric ward, the 
key problem is to define the volume of circulating 
blood [33, 34]. 

The presented algorithm (Tables 1  and 2) 
estimates the volume and percentage of blood loss 
in relation to body weight and body mass index 
(BMI) [35]. In normal weight pregnant women the 
circulating blood volume is about 100/ml/kg [36], 
while in women with BMI > 35–73 ml/kg; similar 
to the estimated volume for non-pregnant women 
with normal body weight (70 ml/kg on body weight) 
[37]. In the clinical setting, the estimation of the 
circulating blood loss in PPH may be difficult and 
is usually underestimated [38]. In pregnant women 
with low body weight or obese women the risk of 
underestimation is high.

The loss of blood is estimated mainly by the 
number of surgical drapes used during a procedu-
re; in everyday clinical practice however not all 
surgical dressing material is routinely weighed. 
Depending on the degree of saturation, a standard 
surgical drape (45 × 45 cm) corresponds to the loss 
of 100–300 ml of blood but this may be subjective. 
For example, a 5 × 5 cm wet swab corresponds to 
30 ml of blood loss and a 10 × 10 cm swab to as 
much as 60 ml. The difference is usually overlo-
oked [39].

Depending on the degree of blood loss and the 
accompanying clinical symptoms, four categories of 
hypovolemic shock have been determined (Table 3)  
[40, 41]. 

The intensity of hemorrhagic shock can  
currently be estimated in a minute with an ana-
lyzer for rapid assessment of acid-base balance 
and the reading is based only on the base excess 
(BE) parameter. Successive assessment of this 
BE parameter (approx. every 20 minutes) enab-
les hemorrhage follow-up. It also has prognostic 

value because — as result of the adaptation of the 
circulatory system to pregnancy — the maternal 
general condition parameters remain normal for 
long despite significant blood loss [42]. 

Noninvasive measurement of systolic and 
diastolic arterial blood pressure displays normal 
value in 20–30% of pregnant women who lose more 
than 1500–2000 ml of blood [43]. The critical point 
is the loss of 40% of circulating blood because it is 
then that the transition from hypovolemic shock 
to decompensated shock occurs [44]. 

Disturbed microvascular flow in vital organs 
brings about impaired oxygen delivery to tissues, 
which results in hypoxia. Hypoxia enhances me-
tabolic acidosis, as well as neutrophil adhesion to 
endothelial cells, blood stasis, intravascular coagu-
lation, ischemia and multiple organ failure, associa-
ted with poor prognosis and poor quality of life (if 
the patient survives). Therefore, the last moment 
to implement aggressive PPH management is the 
loss of 30% of circulating blood. Obstetricians call 
it the “Rule of 30” (Table 4) [45].

In every case of PPH, it is necessary to con-
sider the response of the coagulation system to 
hemorrhage of different etiology. In uterine atony 
and trauma to the genital tract, coagulopathy is 
equally dependent on the consumption of co-
agulation factors and hemodilution [46], while 
premature separation of a correctly positioned 
placenta is a clear example of fibrinogen con-
sumption up to afibrinogenemia [47]. Amniotic 
fluid embolism is a coagulopathy resulting from 
the loss and biodegradation of coagulation fac-
tors and the intravascular coagulation syndrome. 
Uterine atony during caesarean section may also 
be an atypical form of amniotic fluid embolism 
that requires implementing the AOK algorithm 
(ATROPINE-ONDANSETRON-KETONAL) to 
inhibit the transition from the pulmonary phase 
to the next phases (cardiac, coagulopathy) [48]. 
It has been determined that each PPH episode is 
primarily related to fibrinogen consumption [49]. 
There is a linear correlation between the circula-
ting blood loss and fibrinogen concentration that 
has not been observed for hemoglobin levels and 
routine coagulation tests [50, 51].

The management of severe PPH is a multi-
disciplinary approach that is conducted simulta-
neously. The treatment of a patient with severe 
PPH is not based on the knowledge and skills of 
a single physician but that of a team of professio-
nals who cooperate with each other. Severe PPH 
always implies massive transfusion and volume and 
hemostatic resuscitation. Implementation of the 
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Holocomb algorithm (the RBC:FFP ratio of 1:1) is 
successfully used in obstetrics and has contributed 
to significant improvement of prognosis in severe, 
life-threatening PPH [52]. 

The recommended initial procedure is the 
quickest possible order of 4 units of RBC, 4 units 
of FFP and 4 units of cryoprecipitate (Cryo). If 
bleeding continues or becomes more intensive, 
the next step is to order another 4 units of RBCs, 
4 units of FFP, 4 units of Cryo and 1 therapeutic 
dose of PC (platelet concentrate), either pooled 
or from apheresis. If more than 5 units of RBC are 
ordered from the start, it is recommended to order 
PC in a stoichiometric ratio [53]. When ordering 
blood components, even in centers with their own 
Blood Bank, one should include the time necessary 
for FFP and cryoprecipitate thawing which delays 
transfusion by about 30–40 minutes [54]. Imme-
diate access to RBCs for rapid transfusion which 
requires no compatibility test, is also possible 
but the delivery of erythrocytes does not restore 
hemostasis. 

At least two large peripheral accesses ports 
should be secured and intravenous fluid therapy 
with balanced crystalloids should be started accor-
ding to the ROSE algorithm (resuscitation-optimi-
zation-stabilization-elimination), taking into acco-
unt the strong ion difference (SID) [55] to restore 
the circulating blood volume [56]. In hypovolemic 
shock the infused crystalloids act like colloids in 
the blood vessel. After infusion, 60–70% leave 
the vascular bed. Stabilization of the vascular bed 
with intravenous catecholamines (norepinephri-
ne) should be considered to maintain permissive 
hypotension with mean arterial pressure (MAP) 
not exceeding 65 mmHg until the surgical cause 
of bleeding is controlled [57]. Aggressive efforts 
to restore circulating volume often result in iatro-
genic hemodilution [58]. Moreover, acidosis and 
hypothermia exacerbate coagulopathy and impair 
clot formation. Maternal death is usually caused by 

hemostatic disorders and hypovolemia rather than 
by abnormal hemoglobin levels [59]. 

One of the pillars of the operating team is the 
“fourteenth” factor — a skilled and experienced ob-
stetrician (perinatologist) familiar with procedural 
techniques of postpartum hemorrhage control [60]. 

Simultaneously, the team of anesthesiologists 
strives/struggles to maintain normal body tempera-
ture (normothermia) and to prevent acidosis [61]. 
It is of crucial importance to inhibit fibrinolysis by 
prompt intravenous administration of tranexamic 
acid (TXA) at a dose of 20 mg/kg body weight, 
usually 1 g [62–64]. The next step is fibrinogen 
substitution with fibrinogen concentrate at a dose 
of 2–4 g or with cryoprecipitate (2 U/10 kg b.w.) 
[65]. Centers with no Blood Bank of their own can 
use prothrombin complex concentrates (PCC) at 
a dose of 500–1000 U as emergency bridging the-
rapy until blood components are delivered. [66]. 

In April 2022, the European Medicines Agency 
(EMA) registered recombinant activated factor VII 
(rFVIIa) for the management severe postpartum 
hemorrhage [67, 68]. The drug is for intravenous 
use if uterotonic drugs are ineffective, intensive 
bleeding cannot be controlled by conventional 
means, and surgical measures to save the patient’s 
life must be escalated [69]. The procedure of rFVIIa 
(1 rFVIIa) administration is presented as the first 
step in the algorithm for restoring hemostasis in 
obstetric hemorrhage (Fig. 1) [70]. 

Given the high physiological levels of fibri-
nogen and other coagulation factors in pregnancy 
even despite the rapid loss of 20–30% of the cir-
culating blood, prompt/early administration of the 
recommended dose of rFVIIa ensures conditions 
for the drug to act so there is no time for acidosis 
or hypothermia to develop. A routine dose of 60– 
–90 µg/kg b.w. is recommended and can be repeated 
after 30 minutes [71]. The body mass dependent 
rFVIIa dosage is presented in Table 5.

Clot formation profiles based on TEG, ROTEM  
thromboelastometry confirmed high safety of 
a single infusion of up to 4 g of TXA in PPH. Tra-
nexamic acid reduces blood loss and the need for 
transfusions by 50% [72]. 

Every case of PPH requires fibrinogen supple-
mentation; 1 g of fibrinogen concentrate increases 
the level of the patient’s fibrinogen in plasma by 
0.3 g/dl [73–76]. In Poland, the main source of fi-
brinogen is cryoprecipitate. Apart from F I it also 
contains FXIII, FVIII and VWF factor. 

Transfusion of cryoprecipitate is called for be-
cause pregnant women are deficient in factor XIII, 
indispensable for clot stabilization and prevention 

Table 4. Rule of „thirty” estimates approximate 30% 
blood loss. Estimation is based on changes of selected 
parameters by 30 (in corresponding units)

Rule of „30”

Fall of systolic blood pressure by 30%  

Increase of heart rate (HR) by 30%

A 30% increase in respiratory rate 

Fall in hemoglobin level (HGB)  
and hematokryt (HT) by 30%

Urine output of less than 30 ml/h
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of bleeding [77, 78]. Supplementation of fibrinogen 
concentrate and/or cryoprecipitate is the only way 
to increase fibrinogen content in plasma to a tar-
get fibrinogen level for hemostasis (2.5–3 d/l for 
a bleeding patient) [65] whereas transfusion of FFP 
often results in dilution of endogenous fibrinogen. 
To achieve hemostasis, it is necessary to administer 
FFP at a dose of 30 ml/kg b.w., because the routine 
dose of 10–15 ml/kg b.w. is insufficient [79]. Intra-
venous PCC at a dose of 500–1000 units is more 
effective than equivalent doses of FFP [80, 81].  
If rFVIIa was used in the first step as defined by 
the EMA, PCC cannot be administered for higher 
risk of thromboembolic complications. 

If PPH management proceeds according to the 
hemostasis restoration algorithm (administration 
of TXA, fibrinogen concentrate/cryoprecipitate, 
PCC) followed by massive transfusion (RBC:FFP 
— 1:1, cryoprecipitate 2 U/10 kg/b.w., PC — pla-
telet concentrate), maintenance of normal plasma 
ionized calcium level, in the absence of satisfactory 
hemostasis and/or uncontrollable parenchymal 
bleeding and/or “ongoing” phenomenon, it is 
recommended to administer rFVIIa according to 
the second point of the hemostasis restoration 
algorithm (2 rFVIIa) [82] provided no acidosis or 
hypothermia is reported and hemoglobin concen-
tration is above 7 g/dl, fibrinogen > 2 g/l, platelet 
count > 50 × 109/l. 

During ongoing surgery and persistent 
bleeding, another dose of rFVIIa may be admini-
stered 30 minutes after the first one, if the drug is 
effective. In exceptional situations, if parenchymal 
hemostasis has not been restored despite surgical 
procedures, administration of two doses of rFVIIa 
at 30-minute intervals may be considered under 
conditions that ensure drug effectiveness (fibri-
nogen concentration > 2 g/l, platelet count over 
50 × 109/l, pH > 7.2) according to the third point 
of the hemostasis restoration algorithm (3 rFVIIa) 
[83, 84].

Medical procedures in severe, life-threatening 
PPH, performed according to the presented hemo-
stasis restoring algorithm, contribute to significant 
reduction of the risk of maternal death in the per-
inatal period, improve prognosis and fertility pre-
servation. Crucial for effective performance of all 
professional teams involved in PPH management 
are constant knowledge update and upgrading of 
qualifications and skills. Optimization of manage-
ment, preparation of background, rational use of 
resources and recording of activities add to better 
outcome of treatment and prognosis in patients 
with postpartum hemorrhage.

Conflict of interest: none declared
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