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Management of post-partum haemorrhage (PPH) involves
the treatment of uterine atony, evacuation of retained
placenta or placental fragments, surgery due to uterine
or birth canal trauma, balloon tamponade, effective
volume replacement and transfusion therapy, and occasionally, selective arterial embolization. This article aims
at introducing pregnancy- and haemorrhage-induced
changes in coagulation and fibrinolysis and their relevant
compensatory mechanisms, volume replacement therapy,
optimal transfusion of blood products, and coagulation
factor concentrates, and briefly cell salvage, management

P

OST-PARTUM HAEMORRHAGE (PPH) is a major cause of
maternal morbidity and mortality worldwide,
with an increasing trend in incidence over time also
in developed countries, including Australia, Canada, the United Kingdom, and the United States.1
In spite of growing knowledge and better management facilities, the increase of PPH is astonishing.
The risk factors for severe PPH can be categorized
into uterine atony, retained placenta, and injury of
soft tissue. Uterine atony can occur in cases of
over-distended uterus such as polyhydramnion,
multiple gestation, prolonged labour, the use of
oxytocin, multiparity, and retained placenta. A
large study including 154,311 deliveries compared
666 cases of PPH with controls without bleeding
events.2 Factors significantly associated with
haemorrhage, in decreasing order of frequency,
were retained placenta, failure to progress during
the second stage of labour, placenta accreta, birth
canal lacerations and uterine rupture, vacuum
extraction, large for gestational age newborn, hypertensive disorders, induction of labour, and augmentation of labour with oxytocin. In addition to
the risk factors cited above, placenta praevia,
history of previous PPH, obesity, high parity, intra-uterine foetal death, Asian or Hispanic race,
precipitous labour, previous surgery due to endometriosis, and in vitro fertilization-induced pregnancy have been associated with PPH. A previous
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of uterine atony, surgical interventions, and selective
arterial embolization. Special attention, respective management, and follow-up are required in women with
bleeding disorders, such as von Willebrand disease, carriers of haemophilia A or B, and rare coagulation factor
deficiencies. We also provide a proposal for practical
instructions in the treatment of PPH.
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caesarean section and in particular repeat caesarean sections predispose one to PPH.3–5
Peripartum hysterectomy is a severe complication of PPH and may seriously affect the emotional
recovery of the woman. Recently, several studies
have reported increasing rates of peripartum hysterectomy.6,7 Vaginal birth after caesarean section,
primary and repeat caesarean deliveries and multiple births seem to be independently associated
with an increased risk for peripartum hysterectomy.7 The role of preexisting or developing coagulation disorder (e.g. pregnancy-related acquired
haemophilia) is unknown and may remain unrecognized as an underlying cause of PPH. However,
many of the women presenting with PPH seem
previously healthy, and therefore, every maternity
unit must be prepared to handle these unexpected
and occasionally critical emergencies.
Management of PPH includes the treatment of
uterine atony, early volume replacement, and
blood transfusion therapy, removal of retained
products of conception, surgery due to uterine or
birth canal trauma, balloon tamponade, and occasionally, selective arterial embolization (Fig. 1).8,9
External or intra-abdominal aortic compression
as well as bi-manual compression of the uterus
may be life-saving to control the intractable haemorrhage and provide time for more detailed
interventions. Anti-shock trousers may also be of
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Fig. 1. Management plan for the treatment of post-partum
haemorrhage (PPH).

benefit, especially during transportation of the
patient.
The present overview highlights haemostatic
changes during pregnancy and PPH, volume replacement therapy, and optimal transfusion of
blood products and coagulation factor concentrates
to treat PPH. We also briefly review the use of cell
salvage, uterotonic medications, surgical interventions, and selective arterial embolization. Finally,
we provide a proposal for practical instructions in
the treatment of PPH.

Pregnancy-induced changes in
coagulation and fibrinolysis
During the second and especially the third trimester of pregnancy, increased synthesis and activity
of several coagulation factors result in a hypercoagulable state. The amounts of fibrinogen, coagulation factors (F) VII, VIII, IX, X, XII, and von
Willebrand factor (vWF) increase, resulting in shortened prothrombin time (PT) and activated partial
thromboplastin time (APTT). Prothrombin (FII)
and FV levels remain unchanged, while FXI and
FXIII are somewhat reduced.10,11 The natural anticoagulant activity of protein S reduces clearly,
whereas protein C and antithrombin remain un-

changed during pregnancy. In several studies,
protein C resistance without evidence of FV Leiden
or phospholipid antibodies has been detected in
40–50% of pregnant women but its clinical significance remains unknown.12,13 At least partially,
these pregnancy-related alterations of coagulation
augment the risk of venous thromboembolism
together with a slowdown in venous return due
to compression of the inferior vena cava following
the enormous increase in uterine size.
Some investigators have observed a slight decrease in platelet count during pregnancy, whereas
others have observed no change. In gestational
thrombocytopaenia, however, platelet counts
usually vary between 80 and 150  109/l.10,14 The
aetiology remains uncertain but may be dilutional
and/or reflect platelet consumption in the uteroplacental unit, particularly during the third trimester. The benign gestational thrombocytopaenia
does not pose women to bleed, but during a
haemorrhage due to any obstetric reason, they
may need platelet transfusions earlier than their
counterparts with higher initial platelet counts.
Other more severe causes of pregnancy-associated
thrombocytopaenia such as pre-eclampsia, thrombotic microangiopathies, idiopathic thrombocytopaenic purpura, and systemic lupus erythematosus
have to be ruled out because they contribute significantly to maternal and foetal morbidity.14
Plasminogen and its activators (both the tissueand the urokinase-type) are up-regulated during
normal pregnancy because of enhanced production
and diminished utilization. However, the production of both plasminogen activator inhibitor-1 by
endothelium and plasminogen activator inhibitor-2
by the placenta is markedly enhanced. As a result
of many regulatory steps, the overall fibrinolytic
capacity is attenuated.10,11 On the contrary, marked
activation of coagulation and fibrinolysis occurs in
the uteroplacental circulation15 and may contribute
to the increased levels of fibrin degradation products (D-dimer) detected towards the end of normal pregnancy. In most, if not in all, labouring
women with uncomplicated pregnancy, the level of
D-dimer is further increased within the first 2 h
post-partum whatever the mode of delivery
(Fig. 2A).16,17 This finding probably reflects normal
physiology of delivery. However, if a woman suddenly starts bleeding after delivery, the already
ongoing breakdown of cross-linked fibrin and
augmented fibrinolysis may severely impair the
haemostatic outcome. Fibrin degradation products
impair fibrin clot formation and platelet aggrega-
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Fig. 2. (A) Evolution of D-dimer levels in 150 women with uncomplicated pregnancy at the antenatal visit (AT TERM), within the 2 h
following delivery (AT DELIVERY) and at several days (Day 1–Day 45) after delivery. The boxes represent 50% of the values, the
horizontal bars inside the median, and the lower and the upper bars the 10th and 90th percentiles respectively.16 (B) Individual fibrinogen
plasma concentrations in 128 labouring women at the time of study inclusion in those who developed a severe (  ) or a non-severe (  )
post-partum haemorrhage (PPH). Study inclusion refers to start of the intravenous infusion of sulprostone because of PPH due to uterine
atony. Mean  SD values are reported for both groups.25 (Both figures are reprinted by permission of John Wiley and Sons.).

tion. Furthermore, large quantities of plasmin degrade fibrinogen, FV, FVIII, FXIII, and vWF.18
Thromboelastography may help evaluate the role
of fibrinolysis.10 Antifibrinolytics have not been
studied in the treatment of PPH but tranexamic
acid has been reported to reduce blood loss both
after elective caesarean section19,20 and vaginal
delivery.21 Although the evidence is limited22 while
waiting for a large randomized-controlled trial,*
we recommend administering an antifibrinolytic
agent such as tranexamic acid as a treatment of
PPH due to the biomedical evidence of up-regulated fibrinolytic activity in the local circulation.

Amount of blood loss
Underestimation of blood loss following delivery
can be avoided if all shed blood is measured and
sponges, wraps, swabs, etc. are carefully weighed.
Furthermore, attention must be paid to pick-up
signs and symptoms of birth canal/pelvic floor and
intra-abdominal or retroperitoneal haemorrhage,
particularly after instrumental delivery or caesarean section. A woman can bleed rapidly and
profusely into a dead space, leading to the development of a large haematoma that might result in
significant haemodynamic instability and challenge renal function due to increasing abdominal
pressure.23
There are different definitions of PPH. The classical definition is a blood loss of more than 500 ml
within 24 h after vaginal delivery or 1000 ml after
*http://clinicaltrials.gov/ct2/show/NCT00872469
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caesarean section. Severe PPH is usually defined as
a blood loss of 41500 ml, a peripartum decline in
haemoglobin of 4 g/dl or more, acute transfusion
of at least 4 U of red blood cells (RBC), or a
haemostatic intervention such as angiographic embolization, surgical arterial ligation, or hysterectomy.24,25 Major haemorrhage in association with
delivery is defined as a blood loss of 42500 ml, a
transfusion of 5 or more units of RBCs, or treatment
for ensuing coagulopathy.26 Massive haemorrhage
is traditionally defined as the loss of one blood
volume or transfusion of at least 10 U of RBCs
within a 24-h period.9
Because the rate at which blood is being lost is
also an important factor, a practical definition for
massive blood loss is the loss of 50% of blood
volume within a 3-h period or a loss rate of
150 ml/min.9 Continuing heavy bleed with an
estimated blood loss of 1500 ml or more should
prompt the staff to initiate the local massive blood
loss protocol. This situation could be reached
within 10–15 min of delivery, and it must be recognized and appropriate action initiated to ensure
maintenance of circulating blood volume and tissue oxygenation while awaiting blood products
and laboratory test results to guide the replacement
therapy.

Laboratory evaluation
Coagulation is defined by an intimate interplay
between RBCs, platelets, plasma factors, vascular
wall, and circulatory conditions (Fig. 3). Adequate
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RBC mass is essential to improve the blood flowrelated interaction between platelets and the vessel
wall, mandatory for primary haemostasis. Collection of blood samples for laboratory evaluations
should be considered early in the cause of the
haemorrhage to rule out impaired blood coagulation already before possible major bleed. These
tests should include the haemoglobin level, platelet
count, fibrinogen concentration, as well as PT and
APTT, the routine laboratory tests of coagulation
times. Despite the drawbacks of PT and APTT, i.e.
reagent-related variability and inability to recognize important aspects in thrombin generation and
clot formation, they remain robust tools for clinicians to manage bleeding problems (Fig. 4).

Volume resuscitation
Main objectives of the initial resuscitation are
restoration of blood volume and oxygen-carrying
capacity. Exclusively crystalloid resuscitation has
several shortcomings because of the huge amounts
needed, inducing dilutional acidosis, formation of
interstitial oedema, and impairment of microcirculation.27 On the other hand, the synthetic colloids,

for example hydroxyethyl starch solutions (HES),
have been reported to impair clot formation and
increase blood loss.28,29 In addition, recent studies
show that even the new-generation medium-molecular-weight, low-substituted HES 130/0.4 profoundly disturbs fibrin polymerization compared
with crystalloids. The extensive study by Mittermayr et al.30 during major spine surgery was the
first clinical trial to confirm the results of
earlier experiments of the detrimental effect of
colloids on fibrin polymerization and the administration of fibrinogen concentrate as a possible
therapeutic approach. Furthermore, in case of fibrinolysis, the presence of HES 130/0.4 or gelatin
solution facilitates clot disintegration to a greater
extent than a crystalloid, because the weaker clots
in the presence of colloids dissolve faster.31 During
the early stages of PPH, combining crystalloids and
colloids may be favourable without exceeding the
recommended daily doses of 50 ml/kg/24 h for
HES 130/0.4. Tranexamic acid should be considered, and the loss of fibrinogen substituted with the
concentrate (or cryoprecipitate) and/or fresh frozen
plasma (FFP) optimally according to laboratory
assessments.

Fig. 3. Cell-based model of haemostasis. On the tissue factor bearing cell, only a small amount of thrombin (IIa) can be generated
(initiation), which is not capable of fibrin clot formation. However, thrombin is the most powerful activator of several other coagulation
factors and the platelets (amplification). Thereafter, on the activated platelets, huge amounts of thrombin (about 95% on the total amount of
thrombin) are generated (propagation), which subsequently results in fibrin clot formation.40, 89 [II(a) to XIII(a), (activated) coagulation
factors II to XIII, respectively; vWF, von Willebrand factor; TF, tissue factor].
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Fig. 4. Interpretation of the activated partial thromboplastin time (APTT) and prothrombin time (PT) in bleeding tendency. Coagulation
factors that are included in the APTT and PT measurements are given in the boxes. PT using the Owren method (in Scandinavian countries
and in the Netherlands) is not sensitive to FV deficiency, while PT using the Quick method (in most European countries, Australia, USA)
is also sensitive to FV deficiency. Clinicians need to appreciate that prolongation of APTT is laboratory reagent-specific and some reagents
are more sensitive to coagulation factor deficiencies, lupus anticoagulant, and heparin than others. Consult your laboratory on these issues.
The currently most abundantly used anticoagulants warfarin and heparin are depicted in the algorithm. Heparin may also be present in the
arterial line flushing solution. Other anticoagulants, such as inhibitors of thrombin and FXa, prolong APTT and PT reagent-dependently
and unspecifically. (FI, fibrinogen; FII, prothrombin; FV to FXIII, coagulation factors V to XIII, respectively.) (Modified from Duodecim
Medical Journal 1997; 113: 1263–70 by permission of The Finnish Medical Society Duodecim).

RBCs
RBC transfusion is indicated for the rapid correction of inadequate oxygen-carrying capacity of the
blood. Transfusion will always be necessary when
the blood loss exceeds 40% of the patient’s blood
volume. Blood losses of 30–40% of the blood
volume will probably require RBC replacement.
The patient’s clinical condition, response to initial
fluid resuscitation, and her initial haemoglobin
level as well as signs of inadequate oxygenation
(base deficit, lactate production) impact the decision making. Spleen will contract and deliberate
stored blood cells and normal haemoglobin in an
acutely bleeding patient does not imply normal
RBC mass, but may indicate haemoconcentration
from blood loss and inadequate volume replacement.9
Institutionally, every effort should be made for
packed RBCs to be available as soon as possible. At
a haemoglobin level of 7–8 g/dl or less and ongoing haemorrhage, type-specific uncross-matched
RBCs should be requested. Following the use of
type-specific uncross-matched blood, the risk of an
unexpected antibody is low (1–4%), depending
on previous transfusions, and the risk of a transfusion reaction in a patient receiving type-specific
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uncross-matched RBCs is even lower. The risk
and consequences of delayed replacement with
blood in massive haemorrhage are much more
severe.9 A blood sample for an antibody screen in
any labouring woman at a high risk of PPH will
facilitate the availability of fully cross-matched
blood.
In the very rare situation where blood replacement is required immediately, group O RhD-negative blood should be requested. It may be necessary
to install a satellite blood fridge near the delivery
suite for an emergency supply of type O RhDnegative blood (2–4 U) where difficulties may arise
in the delivery of RBCs within an acceptable timescale. Even when a woman carries anti-c or -e,
transfusion of type O RhD-negative blood, which is
c- and e-positive, before the antibody status is
known will be life saving.9 Delay in obtaining
antigen-negative blood could well be too late. It is
imperative that a cross-matching sample is collected before the infusion of emergency blood
and that the transfusion laboratory is informed to
make more blood available.
Obstetric patients are usually otherwise fit and
healthy women and there is no concern about
myocardial ischaemia. However, a case series of
55 labouring women aged 28–35 years with no
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previous history for cardiovascular diseases (except for one pulmonary embolism 2 months earlier)
identified low systolic and diastolic arterial blood
pressure (o88 mmHg and o50 mmHg, respectively) and increased heart rate (4115 beats/min)
as independent predictors of myocardial injury.32
Therefore, every effort should be made to avoid or
restore the combination of low haemoglobin level,
hypovolaemia, hypotension, and tachycardia.
Furthermore, currently, increasing number of women with preexisting disorders become pregnant,
which enhances the risk of complications during
and after PPH.

Fibrinogen, FFP, and platelets
Massive PPH is always associated with a reduction
in coagulation factor levels and frequently with
thrombocytopaenia.5 It is generally believed that an
increased bleeding tendency or microvascular
bleeding does not occur until 1.5 blood volumes
are lost.33 However, obstetric haemorrhage is
strongly associated with a pelvic consumption
coagulopathy and occasionally with a disseminated intravascular coagulation (DIC), which necessitates rapid correction.9,34 In massive PPH, the
low level of platelets, fibrinogen, FV, and FVIII
leading to prolongation of PT and APTT as well
as consumption of antithrombin and increased
levels of fibrin degradation products (D-dimer)5
may indicate the presence of DIC. However, many
cases of PPH associated with a huge localized
consumption of coagulation factors are incompatible with systemic DIC. Accordingly, with successful management of PPH, the D-dimer level
decreases promptly within 12–24 h simultaneously
with a slow increase in antithrombin levels.5 Also,
a rare possibility of acquired haemophilia, i.e. an
antibody formation against FVIII, can only be
revealed by laboratory tests with severely prolonged APTT and low FVIII level. The carriers of
haemophilia may present with the same laboratory
finding, albeit to a lesser extent.
The mainstay of the haemostatic support is using
FFP, fibrinogen concentrate (or cryoprecipitate),
and platelets. Simple routine laboratory tests to
guide the replacement therapy should be urgently
available. At the time of delivery, the mean fibrinogen concentration in 797 labouring women was
4.8 g/l but the range was particularly wide, 2.1–
9.0 g/l.35 Charbit et al.25 recently showed that
fibrinogen at the time of diagnosis of PPH can be

used to guide the management of PPH. The negative predictive value of fibrinogen 44 g/l was 79%
and the positive predictive value of a concentration
 2 g/l was 100%. Thus, at a fibrinogen level of
2 g/l or less, clinicians should be aware of the high
risk of severe haemorrhage (Fig. 2B). This is in
accordance with experimental thromboelastography findings showing that at fibrinogen 0.5 g/l,
clot is not formed. Clot formation begins at 0.75 g/l,
while all parameters of clot formation augment
markedly from 0.75 to 3 g/l. Thus, fibrinogen is
critical not only for clot strength but also to accelerate clot initiation and propagation.36 However,
both in the study by Charbit et al.25 with 128
women and the other study by Simon et al.35
with 797 women, the large variation in fibrinogen
levels hampers the interpretation regarding when
to start fibrinogen treatment during the early stages
of PPH. An early determination of fibrinogen is
helpful to guide the replacement therapy. Fibrinogen can be readily determined by a simple assay in
most institutions on an emergency basis. Recently,
a new rotation thromboelastometry system accorded with fibrinogen levels in PPH. This pointof-care device may be of help in guiding fibrinogen
transfusion.37 However, if the ongoing haemorrhage exceeds 2–3 l and FFP is not yet available,
3–4 g of fibrinogen concentrate (or cryoprecipitate)
should be administered while waiting for the
fibrinogen determination.5 Fibrinogen concentrate
can be stored at the operating theatre to be readily
available for infusion.
Transfusion of FFP and platelets should be optimally guided by the results of the coagulation tests
and blood counts, i.e. to maintain PT and APTT
shorter than 1.5 times the control value and the
platelet count 450–70  109/l. One unit contains
70–80  109/l platelets, and 8 U in a normal weight
adult would be anticipated to increase the platelet
count by 40–50  109/l if there is no ongoing
haemorrhage. However, transfusion of FFP (and
platelets) should not be withheld before the available laboratory test results if a coagulopathy is
clinically suspected and the patient is continuing
to bleed.9 FFP should be requested and transfused
empirically in a 1 : 1 ratio to RBC units.38 It is
imperative to check the coagulation tests (at least
PT, APTT, and fibrinogen) and blood counts at
regular intervals, e.g. after every 4 h or 3–4 U of
RBCs and FFP transfused. If the fibrinogen level
remains o2 g/l despite the transfusion of FFP,
fibrinogen concentrate (or cryoprecipitate) may
also be required.5,25
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Coagulation factor concentrates
A single factor deficiency, unless very low, seldom
causes spontaneous bleeding problems.39 In clinical conditions, however, a combination of modest
deficiencies of several coagulation factors can cause
a vicious circle resulting in impaired coagulation.
In experimental haemostasis where the rest of the
coagulation factors are intact, thrombin generation
is maintained down to FX levels as low as 1–5%
before declining sharply. In contrast, delayed platelet activation can be compensated only when FX is
supplemented by over 10%.40,41 Clinical data indicate that only patients with very low FV levels of
o2% have severe spontaneous bleeding tendency.39 Again, in a cell-based model system with
FV-deficient platelets, however, a rapid increase in
thrombin formation was observed from 1% to 30%
FV levels. Decreasing plasma FV concentrations
below 50% resulted in a significant and progressive
reduction of platelet activation.41 Platelets from
healthy individuals carry about 20% of the circulating pool of FV, and the addition of FV had little
effect on the rate of thrombin generation.41 However, little is known about the amount of FV in
stored platelets, but FV may reside in the microvesicles that are shed from the stored platelets.
Decreasing level of FVIII, FIX, or FXI below 50%
results in a modest decline in thrombin generation,
with a dramatic decline after the level falls below
10–20% of normal.40
During the early phases of an instantaneous
massive PPH, the levels of several coagulation
factors remain very low5 and often significantly
lower than needed for greater thrombin generation
or effective platelet activation.40,41 It is usually not
feasible to obtain the plasma concentrations of
single coagulation factors during the course of
PPH. However, determination of PT, APTT, and
the fibrinogen level provides reasonable global
information about the coagulation factor availability, although these tests do not indicate thrombin
generation capacities and changes in FXIII activity
(Fig. 4).5,9
In massive PPH, effective replacement therapy
with fibrinogen and FFP usually yields acceptable
levels of FVIII without the use of FVIII concentrate.5 However, if APTT remains higher than 1.5
times the control value in spite of FFP (and fibrinogen), administration of FVIII/vWF concentrate
should be considered.
In patients with FXIII deficiency, a low level of 5–
30% has been shown to be sufficient in preventing
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spontaneous bleeding.42 However, two recent studies suggest that a level of 60% or less may be
associated with an increased intra-operative bleeding in various surgery or increased risk of postoperative haematoma after neurosurgery.43,44
Therefore, in association with continuing haemorrhage, administration of FXIII concentrate is recommended at least if the blood loss exceeds one
blood volume.5
There are numerous case reports and case series
on the empirical off-label use of recombinant activated factor VII (rFVIIa) in PPH.5,45–48 Although
some preliminary guidelines have been published,5,49 the case reports and series illustrate
that the practise in using rFVIIa in PPH is far
from uniform.50 Recombinant FVIIa is extremely
expensive and should not be used to compensate
for an inadequate replacement therapy. It is unlikely that rFVIIa could work optimally if there is a
lack of the basic components of the coagulation
cascade (Fig. 5). Therefore, early and effective
administration of RBCs, FFP, fibrinogen concentrate (or cryoprecipitate), and platelets as well as
the control of uterine atony are essential in the
treatment of PPH. Furthermore, in case of no
response to the first dose of rFVIIa, every effort
should be made to reveal localized bleeding to be
managed by surgery or selective arterial embolization.5
Recent observations do not provide any evidence
to extend the use of rFVIIa into less severe cases of
PPH or into its prophylactic use.5 Randomized
placebo-controlled trials in less severe or in massive PPH are urgently required to optimize the use
of rFVIIa in obstetric haemorrhage.w
The only exception for a reserved use of rFVIIa
might be an unstable patient who has to be transferred to a hospital where more demanding surgery or a selective arterial embolization can be
performed. By eventually reducing the blood loss
for a short period, rFVIIa may give some additional
time for more blood products to be available and
accordingly, time for more effective replacement
therapy. The short half-life of FVIIa of about 2 h has
to be kept in mind. However, new longer acting
substitutes are being developed.
There is one case report on the successful use of
prothrombin complex concentrate (including coagulation factors II, VII, IX, and X) in the treatment
of massive and intractable haemorrhage after a
caesarean section.51 Prothrombin complex concenw

http://clinicaltrials.gov/ct2/show/NCT00370877
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Fig. 5. Mechanism of action of recombinant activated factor VII (rFVIIa). Originally, rFVIIa was proposed to work mainly through a TFdependent mechanism. However, FXa produced at the TF-bearing cell is unable to move to the activated platelet surface because at normal
plasma levels, both AT and TFPI rapidly and effectively inhibit FXa in the fluid phase. It was later discovered that at very high, i.e.
pharmacologic plasma concentrations, rFVIIa binds to the activated platelet and compensates for the deficiency of FVIIIa and FIXa.
However, it is very important to note that in addition to rFVIIa, several other coagulation factors are needed to result in fibrin clot
formation (89). [II(a) to XIII(a), (activated) coagulation factors II to XIII, respectively; vWF, von Willebrand factor; TF, tissue factor; TFPI,
tissue factor pathway inhibitor; AT, antithrombin].

trate is recommended for use in the treatment or
prophylaxis of haemorrhage in patients with vitamin K deficiency, liver disease, or congenital deficiency of the relevant clotting factors. Although it
has not been studied in the management of PPH, it
may be a helpful adjunctive tool, especially upon
shortage of FFP. Venous thromboembolism is a
feared complication after PPH in general and
particularly after the use of prothrombin complex
or rFVIIa concentrate. Indeed, in every woman
after the successful management of PPH, mechanical and/or medical thromboprophylaxis must be
applied within 12–24 h after cessation of the haemorrhage.5
Desmopressin stimulates endogenous release of
FVIII and vWF, and it increases platelet adhesiveness. It can be administered as intravenous or
subcutaneous injection or intranasal spray. Desmopressin can be used to prevent haemorrhage in
type 1 von Willebrand disease and it may be
beneficial in patients on aspirin therapy.52 In case
of an active bleeding event, however, a coagulation
factor concentrate including FVIII and vWF and/or
platelets should be administered.

Substitution of the loss of ionized calcium and
magnesium is beneficial for recuperating haemostatic capacity as platelets and activation of coagulation factors rely on these cations. Transfusions are
given in citrated anticoagulant, which further increases the consumption of these vital cations
due to chelation. Furthermore, avoidance and
correction of acidosis and hypothermia are important because of their deleterious effects on the
haemostasis; acidosis interferes with coagulation
factor complex assembly while hypothermia can
reduce the production and activity of coagulation
factors, impair platelet function, and enhance fibrinolysis.53,54

Women with congenital bleeding
disorders
The most common bleeding disorders include von
Willebrand disease and platelet function disorders,
typically impairing the critical primary haemostasis without proper substitution therapy. Carriers of
haemophilia A and B may have low respective
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coagulation factor levels needing attention, as well
as those with even more rare bleeding disorders
such as FV, FXI, and FXIII deficiencies and dysfibrinogenemias.55
These bleeding disorders associate with impaired natural development of placenta and should
be recognized as a risk factor for miscarriages with
associated bleeding problems. When pregnancy is
detected, the haematologist should make a careful
plan for securing haemostasis during pregnancy.
Prophylactic vWF substitution should be guided in
those women who use it normally, and specific
plans should be made for possible interventions
and finally for delivery. This is important also for
several days after vaginal delivery or caesarean
section. Planning needs to be performed in close
collaboration with the obstetrician so that a clear
individual protocol for specific substitution therapy with tailored laboratory follow-up is provided.
These demanding cases should be centralized in
experienced comprehensive care centres with 7day/24-h haematological surveillance and laboratory services.56 Paediatric expertise to handle the
newborn with a possible or antenatally diagnosed
bleeding disorder is a natural link in this chain.

Cell salvage
In spite of numerous case reports on the use of cell
salvage, all without incident, and the fact that the
disposable kit for a single case costs o1–2 U of
RBCs, there is still a marked reluctance to use cell
salvage in obstetrics.57 Concerns about amniotic
fluid embolism in cell salvage have not been
realized. Amniotic fluid embolism is an anaphylactoid reaction rather than a real embolic event. It
would nevertheless appear prudent to avoid contaminating cell-salvaged blood with amniotic fluid,
and so the current practice is to salvage the shed
blood only after the initial suction contents, including the amniotic fluid, have been discarded. However, recent work has demonstrated that the cell
salvage process, combined with a leucocyte-depleting filter, can be effective in significantly reducing
amniotic fluid contaminants, allowing the use of
same suction device throughout the entire procedure.58 Another concern about the use of cell
salvage is rhesus immunization. This may occur if
foetal red cells are aspirated and re-transfused into
the maternal circulation. The risk has been estimated to be similar to that present in a normal
vaginal delivery. Rhesus immunization can be pre-
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vented with prompt testing and anti-D treatment. It
is imperative to note, however, that while salvaged
blood can help restore the oxygen-carrying capacity of the blood, the coagulopathy must be simultaneously corrected as salvaged blood does not
contain coagulation factors.57

Uterotonic agents
Manual massage and the use of uterotonic medications such as oxytocin, prostaglandins, and ergot
alkaloids are essential to prevent and treat PPH
due to uterine atony (Table 1). The use of any
uterotonic agent has precautions and contraindications59 and especially when combining these
agents, the risks of their use must be weighed
against the risks of intractable or uncontrolled
haemorrhage.

Surgical measures for PPH
Approximately 85% of women who have a vaginal
birth will sustain some degree of perineal trauma,
and of these, 60–70% will undergo suturing.23,60
Surgical measures to control PPH include repair
of genital lacerations, evacuation of retained placenta or placental fragments, balloon tamponade,
exploratory laparotomy with a view for uterine
compression sutures, systematic pelvic devascularization (uterine/ovarian/quadruple/internal
iliac), subtotal or total abdominal hysterectomy,
and rarely, repair of a ruptured uterus (Fig. 1).23,61
In cases of genital tract trauma and retained
products of conception, the need for surgical measures is straightforward. However, for PPH due to
uterine atony or coagulopathy, the appropriate
timing for surgical interventions is not clearly
defined. In case of severe haemorrhage, the patient
should be moved to the operating theatre, with a
view for surgical measures. The general condition
of the patient, her haemodynamic stability, the
amount and rate of blood loss, the effectiveness
of conservative measures, the likely cause of PPH,
and the skill and experience of the team, as well as
the availability of resources, should be considered
in the decision-making process. A woman presenting with post-partum collapse due to massive PPH
may require an emergency laparotomy and radical
surgical procedures such as hysterectomy to save
her life once lower genital lacerations are excluded
as the bleeding site. As far as possible, however,
conservative medical or surgical measures should
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Table 1.
Proposal for a guideline in the treatment of PPH.
Recommendation grade A, B, C, D, or good practice point
(GPP), see Appendix (Concerning uterotonic agents, the grade
of evidence refers not necessarily to the combined use of two or
more uterotonics).
General
As early as possible, insert two large bore cannulae and one line
for the medications to secure good venous access (GPP).
Secure arterial line before its insertion becomes difficult (usually
in active haemorrhage of about 2000 ml) (GPP).
Warm the patient and use one to two efficient fluid warmers (A).
Administer Ringer’s/saline and HES 130/0.4 in about 1 : 1 ratio
(HES 130/0.4 not more than 50 ml/kg/24 h). The use of HES
solutions should be restricted to the early stages of replacement
therapy before FFP is available (D).
Determine frequently the blood-gas analysis and correct low
ionized calcium (D).
Consider administration of 10 mmol of magnesium concentrate
in 30 min (GPP).
Efficient replacement therapy is the best way to avoid/correct
acidosis (D).
If the blood loss is 500–1500 ml, administer 1 g of tranexamic
acid IV (D).
If the blood loss exceeds 2000 ml, consider a second dose of
tranexamic acid (GPP).
If the patient fails to receive tranexamic acid during the early
stages of the haemorrhage, use it as soon as possible at any
time during the bleeding event (GPP).
Consider to continue administration of tranexamic acid 1 g i.v.
every 6 h for the first 12–24 h after cessation of the bleeding (not
in case of confirmed DIC) (GPP).
In case of uterine atony, use i.v. infusion of 30–50 IU of oxytocin
in 0.9% saline (A).
Consider 400–600 mg of misoprostole orally or 800–1000 mg
rectally (A).
Consider prostaglandin such as i.v. infusion of sulprostone
(500 mg in 60 min, followed by 500 mg in 3 h, and 500 mg during
the next 12 h if needed) or carboprost 250 mg i.m. (A).
Consider methylergometrine 0.2 mg i.v. (A).
Remember the importance of uterine massage (A).
Always consider mechanical and pharmacological venous
thromboembolism prophylaxis within 12–24 h after cessation of
the haemorrhage (D).
Blood products and coagulation factor concentrates
Transfusion of packed RBCs is usually needed if the blood loss
exceeds 1500–2000 ml (pay attention to the patient’s size) (D).
In case of active haemorrhage and a haemoglobin level of o7–
8 g/dl (and no known RBC antibodies; maternity card), transfuse
type-specific uncross-matched RBCs (D).
If the haemoglobin declines below 5–6 g/dl or there are signs of
myocardial ischaemia (an increasing ST depression) and you
have to wait for type-specific uncross-matched RBCs, transfuse
2–4 U of type O RhD-negative RBCs (D).
Even if the woman carries anti-c or -e, transfusion of type O
RhD-negative blood, which is c- and e-positive, before the
antibody status is known will be life saving (D).
Before you start transfusion of FFP or at the latest after a blood
loss of about 2000 ml, determine haemoglobin, platelet count,
PT, APTT, and fibrinogen (GPP).
In case of active haemorrhage, repeat determination of the
coagulation screen regularly (GPP).
Transfuse 1 U of FFP for every RBC unit or according to PT and
APTT (C).
If the blood loss exceeds 2000–3000 ml and you have to wait for
FFP, administer 3–4 g of fibrinogen. Thereafter, FFP is sufficient
and fibrinogen concentrate is usually not needed (except

Table 1. continued
sometimes in case of DIC or a recurrent profuse haemorrhage)
(GPP).
Transfuse platelets according to the platelet count
usually 8–
12 U at a time (GPP).
If the platelet count is less than 150  109/l before delivery (in
about 7% of labouring women), order platelets earlier than
usually (GPP).
Aim at a haemoglobin level of 8–10 g/dl, a platelet count higher
than 50–70  109/l, PT and APTT shorter than 1.5 times upper
normal range, and a fibrinogen level 42 g/l (C).
Targeting a haemoglobin level of 8–10 g/dl is useful, but avoid
excess RBC transfusion (frequent haemoglobin determinations)
(GPP).
If the blood loss exceeds 4000–5000 ml and/or APTT is
prolonged more than 1.5 times the upper normal range in spite
of transfusion of FFP, consider 900–1000 IU of FVIII/vWF
concentrate (GPP).
If the blood loss exceeds 6000–7000 ml, also consider 1250 IU
of FXIII concentrate (GPP).
If the blood loss exceeds 6000–7000 ml, consider 90–120 mg/kg
of rFVIIa concentrate (GPP).

be attempted to preserve future fertility if the
woman is haemodynamically stable.23
Traditionally, the surgical management of major
PPH unresponsive to conventional medical therapy relied on hysterectomy and bilateral ligation of
the internal iliac arteries.23 Over the past 10–15
years, a number of new, simpler, and effective
surgical procedures have emerged that could be
used before restoring into hysterectomy.62–64 These
haemostatic sutures usually involve apposition and
compression between the anterior and the posterior
uterine wall. After achieving haemostasis, it is
imperative to check the bladder, bowel, and ureter
to exclude any direct trauma.23 According to a
recent systematic review, the success rates in the
treatment of PPH are 84% for balloon tamponade,
about 92% for uterine compression sutures, and
about 85% for iliac artery ligation or uterine devascularization.65 There is no evidence to suggest
that any of the various methods is superior for the
management of PPH, and the treatment approach
is always chosen according to the bleeding site and
delivery mode (Fig. 1).
Retained placenta covers a number of pathologies: some placentas are simply trapped behind the
closed cervix, some are adherent to the uterine wall
but easily separated manually whereas others are
pathologically invading the myometrium and
sometimes even the adjacent urinary bladder (placenta accreta, percreta, and increta). Although
routine uterotonics for the prophylaxis of PPH
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decrease the median length of the third stage, they
have no effect on the rate of retained placenta at
60 min. The choice of timing of manual removal is a
balance between the PPH risk of leaving the placenta in situ, the likelihood of spontaneous delivery, and the knowledge from caesarean section
studies that the manual removal itself may cause
haemorrhage.66 There is a considerable variation
between European countries about the timing of
manual removal of retained placenta.67 The UK
National Institute for Health and Clinical Excellence guidelines suggest 30 min,68 whereas the
World Health Organisation manual for childbirth
suggests 60 min.69 A large study including 12,979
consecutive vaginal deliveries showed that the risk
of haemorrhage increases after 30 min.70 On the
other hand, delaying the manual removal will lead
to spontaneous delivery of many placentas. In the
only randomized trial to recruit women after
60 min of the third stage had elapsed, however,
none of the placentas in the control group was
spontaneously delivered over the subsequent
30 min.71 Accordingly, the choice of timing for
manual removal depends on the facilities available
and the local risks associated with both PPH and
manual removal of the placenta.72
Medical management is also an option for retained placenta. In women who are haemodynamically stable and there are no signs of PPH, the
placenta may be delivered by sublingual or intravenous nitroglycerine.73 A preliminary report
showed that an intravenous infusion of sulprostone, a synthetic prostaglandin-E2 derivate, delivered the placenta in 52% of retained placentas as
compared with 18% for placebo.74 We have also
confirmed in 100 women that 36 (36%) of retained
placentas could be removed by using sulprostone
infusion (unpublished data). However, the need for
manual removal cannot be reduced by the use of
umbilical vein oxytocin.75
Placentation disorders include placenta praevia
and adherent placenta (accreta, percreta, and increta). The incidence of abnormal placentation has
increased with the rising caesarean delivery rate.76
It is of essential importance to identify parturients
with placental disorders already during the pregnancy in order to anticipate massive PPH. Doppler
ultrasonography and magnetic resonance imaging
are used to diagnose abnormal placentation. The
primary treatment of adherent placenta includes a
scheduled caesarean delivery by uterine vertical
incision and avoidance of removal of the placenta
before hysterectomy.77 The role of prophylactic
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internal iliac artery balloon occlusion followed by
an eventual selective arterial embolization has not
yet been established (Fig. 6).77–79 Conservative
management by leaving the placenta in situ may
be considered, e.g. in case of bladder invasion to
avoid hysterectomy-associated massive PPH and
bladder injury. It must be emphasized that preservation of fertility is not the goal, because the risk of
adherent placenta in the subsequent pregnancy is
considerably high. Some authors also have advocated the use of medical treatment with methotrexate to hasten the involution of the placenta.80 The
gradual involution during the following months
should be closely monitored and the woman informed about the risks of the conservative treatment. Complications such as infection of the
placental residue and/or a secondary haemorrhage
may occur.77,81

Selective arterial embolization
The use of interventional radiology in the treatment of PPH is increasing, although its use may be
limited by difficulties with the transfer of unstable
patients and availability of a 24-h service. The
technique includes femoral artery puncture and
selective stepwise catheterization of the pelvic
arteries. Emergency embolization is performed
with pledgets of gelatin sponge or gelatin sponge
slurry. Gelatin sponge is the agent of choice because it causes a temporary arterial occlusion with
recanalization of blood flow within weeks.82
There are no randomized controlled trials, but
case series and systematic reviews have reported
high success rates of about 70–90% in the haemostatic control of the pelvis.65,83 In case of PPH after
vaginal delivery, arterial embolization can be performed before laparotomy if the haemodynamics
are stable; embolization can also be performed
during a caesarean section procedure, after compressive sutures, and if stepwise uterine devascularization fails (Fig. 1). Embolization may be
especially helpful in cases where the bleeding site
is difficult to expose and access such as upper
vaginal lacerations, large midline paravaginal haematomas, or cervical tears after vaginal delivery. If
the exact bleeding site cannot be identified, a
subselective embolization of the uterine or vaginal
arteries is performed because each of these has
been separately reported as the most common
source of haemorrhage. For similar reasons, bilateral embolization is often performed because the
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blood loss can continue through transpelvic vascular supply after unilateral embolization.82
The procedure has many advantages, including
minimal morbidity and low complication rates,
shorter hospital stay, preservation of fertility, it can
be carried out under local anaesthesia, and success
can be verified.84,85 However, the procedure can
cause rare complications such as feet ischaemia,
bladder and rectal wall necrosis, and sciatic nerve
injury.86 Late recurrent haemorrhage is a rare, but a
serious problem. Correction and follow-up of the
coagulation status is therefore important. Repeated
embolization or hysterectomy may be required.82,83
Foetal-related complications as a result of exposure to radiation during pregnancy include
spontaneous abortion, teratogenesis, growth retardation, development delay, and induction of childhood cancer. The dose of radiation believed to
produce these complications is very large compared with the doses used during catheter insertion and interventional radiology.87 Furthermore,

Fig. 6. In a planned caesarean section (and hysterectomy) for
placenta accreta, balloon catheters are inserted before surgery into
both internal iliac arteries. Uterine incision is made to avoid
profuse haemorrhage. Immediately after abdominal delivery, the
uterine blood flow can be reduced by inflation of the balloons.
Furthermore, a selective arterial embolization can be performed. In
an emergency case of post-partum haemorrhage, one (or both)
femoral artery is cannulated and an angiography is performed.
Thereafter, a unilateral or bilateral selective or subselective embolization with pledgets of gelatin sponge or gelatin sponge slurry
can be performed to stop the haemorrhage. (Reprinted from
Duodecim Medical Journal 2008; 124: 41–9 by permission of
The Finnish Medical Society Duodecim).

the dose associated with uterine artery embolization is unlikely to result in a measurable increase in
the genetic risk to the patient’s future children.88

Summary
Women continue to suffer sequels from obstetric
haemorrhage. Every maternity unit must be prepared and equipped to handle these often unexpected and occasionally critical emergencies at the
frontline. Close collaboration with haematologists
with special competence in cases of congenital and
acquired bleeding disorders, and immunological
thrombocytopaenia is mandatory to offer the pregnant woman with the best available management
options and preparation for delivery and its followup.
Successful management involves prompt recognition of the PPH, good communication within the
delivery suite, operating theatre and laboratory,
early volume resuscitation with crystalloids and
colloids, transfusion of blood products and coagulation factor concentrates, removal of retained products of conception, treatment of uterine atony, and
surgery and interventional radiology (when appropriate and available) to control the haemorrhage.
Randomized-controlled trials on several topics are
needed. Meanwhile, however, we present a proposal for practical instructions in the treatment of
PPH based on the existing knowledge and our own
experience (Table 1).
In cases where the amount of blood loss was
inappropriate to the obstetric cause of the haemorrhage, the native coagulation status of the woman
should be examined after recovery of the menstruation and, at the earliest, 3 months after the
cessation of breast feeding. Furthermore, it must be
noticed, that in every woman with successful
management of PPH, graduated compression
stockings should be applied early and administration of low-molecular-weight heparin should be
considered within 12–24 h after cessation of the
haemorrhage to prevent venous thromboembolism. Pneumatic compression stockings and foot
pumps are proper alternatives if the risk of re-bleed
is considered high and the initiation of low-molecular-weight heparin must be postponed.
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Appendix
Table A1
Grading scheme
Recommendation
grade

Evidence

A
B

Directly based on category I evidence
Directly based on
Category II evidence, or
Extrapolated recommendation from
category I evidence
Directly based on
Category III evidence, or
Extrapolated recommendation from
category I or II evidence
Directly based on
Category IV evidence, or
Extrapolated recommendation from
category I, II, or III evidence
The view of the Guideline Development
Group

C

D

Good practice
point (GPP)
Evidence
category

Source

I

Evidence from
Meta-analysis of randomized-controlled
trials (Ia), or
At least one randomized-controlled trial
(Ib)
Evidence from
At least one controlled study without
randomization (IIa), or
At least one other type of quasiexperimental study (IIb)
Evidence from non-experimental
descriptive studies, such as comparative
studies, correlation studies and case–
control studies
Evidence from expert committee reports
or opinions and/or clinical experience of
respected authorities

II

III

IV

National Institute for Clinical Excellence (NICE): Caesarean
section, Clinical guideline 13, 2004. http://www.nice.org.uk/
nicemedia/pdf/CG013NICEguideline.pdf

