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Key points

• Management of MOH requires a multidisciplinary
teamapproachwhich should be practiced regularly.

• Early transfusion of blood and blood products re-
duced incidence and severity of coagulopathy.

• Point of care testing of coagulation is recommended
to allow rational use of products.

Major obstetric haemorrhage (MOH) remains a challenge for
anaesthetists and obstetricians. It is testament to improvedman-
agement that despite an incidence of 1 per 270 deliveries in the
UK, mortality has decreased to <1 per 256 000 deliveries.1 World-
wide, haemorrhage remains a major cause of maternal death—it
is estimated that between one-quarter and a half of preventable
maternal deaths are secondary to haemorrhage.2,3

Treatment is delayed by failure to recognizeMOH. The physio-
logical changes of normal pregnancy mask the clinical presenta-
tion of hypovolaemia.

The visual estimation of blood loss at the time of delivery is
notoriously inaccurate. Blood may be contaminated with amni-
otic fluid; bleeding may occur vaginally or via a surgical wound;
blood loss can take place over hours or days; may be concealed
internally (e.g. placental abruption), or be hidden under drapes
or on the floor.4,5 Blood collected via suction, the weighing of
surgical swabs, and a careful search for concealed blood loss on
the floor or under the operating drapes must be included in the
estimation of blood loss, especially in suspected major haemor-
rhage. However, any clinical evidence ofmaternal cardiovascular
compromise may represent significant blood loss irrespective of
estimates.

At term, maternal blood volume is increased by 50% (but red
cellmass byonly 20%), heart rate by 10–15 beatsmin−1, stroke vol-
ume by 30%, and cardiac output by 40%. Uterine blood flow can
reach 700 ml min−1. When coupled with the cardiovascular ef-
fects of regional anaesthesia, non-pregnant physiological values
cannot be relied upon as evidence of cardiovascular stability.

Definition of MOH
Although there is no universally accepted definition of MOH, an
agreed defined volume should be used to trigger the MOH proto-
col and to enable audit to be undertaken. For the purpose of this
article, we will consider blood loss in excess of 1500 ml as an
MOH.

Bleeding before 24 weeks may be caused by ectopic preg-
nancy, incomplete miscarriage, and septic miscarriage and will
not be considered further.

Ante-partum haemorrhage
Ante-partumhaemorrhage (APH) complicates 3% of pregnancies.

• One-third APHs are due to placental abruption.
• One-third APHs are due to placenta praevia.
• One-third APHs are due to other causes, such as uterine
rupture.

Placental abruption refers to abnormal separation of the placen-
tal lining from the uterus. Bleeding may occur per vagina or be
concealed in a retro-placental clot. Significant bleeding and a
loss of continuum between the maternal and fetal circulations
can compromise fetal oxygenation.

Placenta praevia is a placenta implanted abnormally low near
theuterine os. Placenta accreta occurswhen there is anabnormal-
ly deep attachment of the placenta into the myometrium—it is
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muchmore common after previous Caesarean section or uterine
surgery. Both conditions carry a risk of severe haemorrhage and
careful planning should take place concerning location, person-
nel, and equipment required to achieve optimal maternal and
fetal outcome at the time of delivery.

Uterine rupture is a rare event, but its incidence increases
with previous Caesarean section, a short time interval since the
last Caesarean section and with the induction of labour.6 Uterine
rupture can present with decreased uterine activity, abdominal
pain continuing between contractions and vaginal bleeding.
The uterine rupture may disrupt the placental circulation
hence; the first clinical sign may be deterioration in the cardioto-
chographic trace (CTG). Catastrophic uterine rupture is life-
threatening to both mother and fetus and carries a risk of severe
haemorrhage and the need for hysterectomy.

Post-partum haemorrhage
Causes of post-partum haemorrhage (PPH) are commonly as-
cribed to the ‘four Ts’:

• tone (uterine atony),
• trauma,
• tissue (retained placenta),
• thrombin (coagulopathy).

Uterine atony is responsible for 70% of cases. PPH is more com-
monly associated with placenta praevia, multiple pregnancy,
polyhydramnios, previous PPH, Asian ethnicity, obesity, pro-
longed labour, and primiparae over 40 yr.7

PPH secondary to trauma may follow delivery by Caesarean
section (emergency>elective); mediolateral episiotomy; opera-
tive vaginal delivery; and delivery of a neonate >4 kg.7

Pre-existing coagulopathy may be congenital or the result of
anti-coagulant use. Disseminated intravascular coagulation oc-
curs early after massive abruption and amniotic fluid embolism
andmay develop after intra-uterine death, when products are re-
tained for more than 2 weeks. Coagulopathymay also occur after
haemorrhage due to haemodilution and loss of clotting factors.

Treatment of MOH
MOH protocols are mandatory on all obstetric units. Initial resus-
citation requires prompt, effective teamwork maintained by
regular, multidisciplinary ‘skills and drills’ training. The team
should include input from obstetrics, haematology, and anaes-
thesia at consultant level. There must be a system in place that
ensures efficient access to blood products and robust channels
of communication with portering and laboratory staff.

Initial management of severe bleeding in pregnancy

(i) High flow oxygen.
(ii) Place the woman in the left lateral position if ante-

partum or head down if post-partum.
(iii) I.V. access—two large-bore cannulae (≥16 G). Start infu-

sion of crystalloid (warmed) until blood available.
(iv) Send blood for group specific/X-matched blood (6 uni-

ts), and fresh-frozen plasma (FFP) (4–6 units) FBC, clot-
ting, urea, and electrolytes.

(v) Put out ‘MOH call’—to alert anaesthetist, obstetrician,
senior midwife, blood bank, and porters.

(vi) If blood loss ongoing:
(a) Aim to replace losses with blood and products as

soon as possible and to warm all fluids.

(b) Give O Rh negative blood if group specific/cross-
matched blood not available in the presence ofwor-
sening cardiovascular instability.

(vii) If blood loss has stopped:
(a) Fluid replacement with crystalloid and blood pro-

ducts until clinical signs of normovolaemia.
(b) Monitor Hb with point-of-care tests (Hemocue or

blood gas).
(viii) Consider transfer to a critical care area formonitoring.
(ix) Further steps will depend on the cause of haemor-

rhage and treatment should be tailored to individual
patients.

Monitoring haemoglobin and coagulation
Pre-eclampsia, HELLP syndrome (haemolysis, elevated liver en-
zymes and low platelet count), intra-uterine death, and fatty
liver of pregnancy may all precipitate coagulopathy before any
loss of blood. Early coagulopathy associated with haemorrhage
is caused by consumption of clotting factors and haemodilution
secondary to the use of clear fluids.

When haemorrhage, coagulopathy, or both occur, both
haemoglobin and clotting profiles should be repeatedly mea-
sured. Point-of-care monitors allow more timely estimation of
transfusion requirements as laboratory testing may not be
quick enough to guide product requirements when rapid bleed-
ing is ongoing. Thromboelastography and thromboelastometry
give results from whole blood within 30 min. Their use requires
training and maintenance of equipment. Work has shown
these tests show a high degree of sensitivity and specificity and
improve management of coagulopathy during obstetric
haemorrhage.8

Non-blood products
Hypothermia and acidosis significantly impair coagulation. All i.
v. fluids should be warmed and the patient’s temperature must
be maintained if necessary by active warming. Hypo-perfusion
should be aggressively treated to avoid acidosis. Should the pa-
tient require ventilatory support, PaCO2 appropriate for gestation
should be maintained.

The CRASH 2 study demonstrated that tranexamic acid given
within 3 h of injury to victims of trauma, decreased mortality,
and transfusion requirements and this may prove useful in the
treatment of MOH. Currently, the WOMAN (world maternal anti-
fibrinolytic) trial is investigating the effect of tranexamic acid
given to women suffering from PPH. Tranexamic acid is already
widely used in the management of haemorrhage in obstetrics:
a dose of 1 g is given over 10 min and if required a second gram
can be infused over an hour.

Maintenance of calcium concentrations during haemorrhage
helps prevent coagulopathy. Tenmillilitres of 10% calcium chlor-
ide per 4 units packed red cells or blood are part of the routine
management of haemorrhage by the military.

Blood products
O-negative blood should be used if there is a delay accessing
group-specific blood and cardiovascular variables indicate hypo-
volaemia. Excessive clear fluid (crystalloid and colloid) should be
avoided if possible as dilutional coagulopathy, tissue oedema,
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poor oxygen delivery, andmetabolic acidosis will be exacerbated.
The increased use of electronic issue of blood enables typed
blood and blood products to be made available without having
to perform a serological cross-match contemporaneously.
Laboratories require two samples to test for atypical antibodies.
Clinicians should ensure they are familiar with the system in
operation in the hospital in which they are working. In an emer-
gency, close liaisonwith the haematology technician and on-call
haematologist is essential.

Recent developments in themanagement of traumatic haem-
orrhage in military and civilian populations have influenced
management of MOH. Greater and earlier use of FFP and platelets
is recommended. Ratios of packed red cells and FFP should be
given in ratios close to 1:1 with early use of platelets.9

Fibrinogen is a vital component of the coagulation pathway
and levels decrease early and rapidly during haemorrhage. An
initially low fibrinogen level is associated with greater blood
loss. A fibrinogen concentration <2 g litre−1 has been shown to
have a 100% positive predictive value for severe PPH. Fibrinogen
levels increase from 2–5 g litre−1 in the normal population to
3–6 g litre−1 by the third trimester. In the obstetric patient, the
aim should be to keep fibrinogen >2 g litre−1.

Fibrinogen is present in FFPand cryoprecipitate and as a small
volume in fibrinogen or prothrombin concentrate (PCC). The
much smaller volume of cryo, fibrinogen, and PCC compared
with FFP avoids haemodilution or overload and concentrates do
not require defrosting.

Cell salvage in obstetric practice has caused debate because
of the potential risk of amniotic fluid embolism and rhesus
isoimmunization. The National Institute of Clinical Excellence
cautiously recommends cell salvage in obstetrics and the Royal
College of Obstetricians and Gynaecologists recommends its
use when ≥1500 ml blood loss is expected. Separate suction
should be used for the removal of amniotic fluid before the cell
savage and a leucodepletion filter is required. However, recent
research shows this may not be a problem in practice as washing
the cells removes the amniotic fluid. Research looking at the
possibility of leucodepletion filters without additional washing
of cells is ongoing. Episodes of significant hypotension during
re-transfusion of salvaged blood possibly related to infusion of
cell fragments have been reported.

Activated Factor VIIa has been used in the management of
MOH complicated by coagulopathy. It requires adequate concen-
trations of fibrin (>1 g litre−1) and platelets (>20×109 litre−1). Evi-
dence for its use is limited, and concerns remain regarding
increased risk of thrombosis and lack of effect, in the face of
major haemorrhage. Factor VIIa may be acceptable to Jehovah’s
Witnesses.

Treatment goals transfusion for massive haemorrhage
used by the UKmilitary10 provide useful guidelines for pa-
tients with MOH:

• Hct >0.3.
• Plt >100×109 litre−1.
• Fibrinogen >2 g litre−1.
• Ionized Ca >1.
• Temp. >36°C.

Uterotonics
Whenpost-partumuterine bleeding occurs, uterinemassage and
bimanual compression may be enough to halt bleeding or buy

time. Several drugs are available to treat bleeding from uterine
atony:

• syntocinon—synthetic oxytocin,
• ergometrine—an ergot alkaloid,
• carboprost—a prostaglandin,
• misoprostol—a synthetic prostaglandin E1 analogue.

Syntocinon used prophylactically in the third stage of labour
reduces the risk of PPH by 60%.7 Syntocinon causes vascular
smoothmuscle relaxationwhichcan causehypotensionwith a re-
flex tachycardia. Thismayoccur particularly if syntocinon is given
as a bolus. This bolus should not exceed 5 units i.v., whichmay be
repeated and shouldalways begiven slowly. This is commonly fol-
lowed by an infusion at 10 units h−1. Some authorities caution
against its use altogether in the presence of a compromised CVS
or if it cannot be avoided, recommend the use of a dilute solution.

Ergometrine is recommended as a second-line uterotonic,
which acts on uterine and other smooth muscle. It may cause
diarrhoea, nausea, and vomiting and is contra-indicated in pre-
eclampsia or other hypertensive conditions as itmay provoke pro-
longed severe hypertension (the duration of action is ∼3 h after i.
m. dose). Ergometrine can be given i.v., but the risk of severe ad-
verse reactions is increased. It is recommended for i.m. use (500
μg) or slow i.v. (250–500 μg) use in a life-threatening emergency.

Carboprost is a third-line uterotonic also given by i.m. injec-
tion; it is not licensed for intra-uterine injection. Two hundred
and fifty micrograms i.m. may be given at 15 min intervals to
a maximum of 2 mg. It may precipitate bronchospasm and is
contra-indicated in asthmatics.

Misoprostol is active via rectal, sublingual, and oral routes and
thus can be used before i.v. access has been obtained. The dose is
400 μg to 1 mg. It is inexpensive, does not need refrigeration, and
is therefore useful in resource away from the hospital setting.

Anaesthetic technique
Regional anaesthesia is associated with decreased blood loss
during elective Caesarean section for placenta praevia.11 If
major blood loss is anticipated, the patient should be counselled
about the possibility of rapid conversion to general anaesthesia.
In the patient with a potentially difficult airway, general anaes-
thesia from the outset may be a safer option for elective surgery.

In an emergency with a cardiovascularly unstable patient
requiring surgery, general anaesthesia usually indicated. In the
presence of known or suspected coagulopathy, there is no place
for the establishment of regional anaesthesia. If a cardiovascu-
larly stable patient has ongoing bleeding, the technique should
be chosen after careful consideration of the risks.

Arterial and central venous cannulation allows continuous
arterial pressure monitoring, repeat blood sampling, and infu-
sion of vasopressors. If haemorrhage is anticipated, there should
be a low threshold for siting invasive monitoring before surgery.

Surgical and other interventions
• Intra-uterine balloon tamponade
• Uterine compression sutures
• Interventional radiology (IR) (intra-arterial balloon occlusion
and arterial embolization)

• Pelvic vessel ligation (internal iliac, uterine, hypogastric, or
ovarian arteries).

Intra-uterine balloon tamponade and compression sutures have
both been shown to control haemorrhage and avoid the need for
hysterectomy.12
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IR intra-arterial balloonsmay be placed prophylactically. The bal-
loons can be inflated after delivery while the bleeding is con-
trolled. In ongoing haemorrhage, IR may be used to embolize
arteries. Such techniques may help preserve fertility and halt
haemorrhage but are only available in a limited number of insti-
tutions. In the UK, only 29% of units have 24 h availability.13

Hysterectomy should be discussed with patients in whom
MOH is predicted (e.g. placenta percreta). It is a life-saving meas-
ure and should not be delayed in situations where haemorrhage
is causing uncontrollable physiological instability and control of
bleeding does not appear imminent.

Prevention of sequelae
With the increasing incidence of operative delivery and increas-
ing maternal age, the incidence of MOH is set to increase.

The use of Maternal Early Warning System (MEWS) charts to
monitor women at risk should allow early detection of bleeding
and empower midwives and doctors to escalate patient reviews
and treatments.

Once coagulopathy has been corrected and there is no indica-
tion of ongoing bleeding, thromboprohylaxis with lowmolecular
weight heparin and TED stockings should be started.

MOH protocols are vital to disseminate treatment. Drills and
simulation to train team management of MOH is recommended.
Potential obstacles include logistical difficulties of ensuring avail-
able faculty and participants and potential funding difficulties.
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