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The incidence of maternal hemorrhage and blood transfusion has increased over time. Causes of massive hem-
orrhage, defined as a transfusion > 10 units of erythrocytes, include abnormal placental insertion, preeclamp-
sia, and placental abruption. Although ratio‐based transfusion has been described for managing massive
hemorrhage, a goal‐directed approach using laboratory or point‐of‐care data may lead to better outcomes.
Autotransfusion, which involves the collection, washing, and filtration of maternal shed blood, avoids many
of the complications associated with allogeneic blood transfusion. In this review, we provide an overview of
transfusion practices related to the management of obstetric hemorrhage.
Introduction

Blood transfusion occurs in 0.5–3% of women with obstetric hem-
orrhage and accounts for 1% of all transfused blood products in high
resource countries.1–4 According to data from the United States Cen-
ters for Disease Control and Prevention, between 1993 and 2014 the
rate of maternal hemorrhage requiring blood transfusion increased
from 7 to almost 40 per 100 000 deliveries. Given that obstetric hem-
orrhage remains the leading cause of maternal death worldwide,2

blood transfusion is widely recognized as a life‐saving intervention.
A key challenge for anesthesiologists is determining the need for a
transfusion in a patient with obstetric hemorrhage. This is, in part,
because more than 50% of blood transfusions for obstetric hemorrhage
occur in women without any risk factors.3 In this review, we describe
the main indications for blood transfusion, potential maternal adverse
effects from allogeneic blood, and provide recommendations related to
transfusion management during severe obstetric hemorrhage.
Epidemiology of transfusion in obstetrics

Blood transfusion during postpartum hemorrhage (PPH) is usually
indicated when first‐line treatments, such as uterotonic drugs (oxy-
tocin, methergine, prostaglandins), laceration repair, or manual evac-
uation of the placenta, have failed.5 Blood transfusion is often
associated with second‐line obstetrical procedures, such as arterial
embolization, intra‐uterine balloon tamponade or surgical hemostatic
interventions (B‐Lynch, vascular ligatures, and emergent hysterec-
tomy). Rarely, blood transfusion is required very early in the manage-
ment of obstetric hemorrhage, especially if coagulopathy is present.

Recently, an increase in the incidence of severe PPH associated
with blood transfusion has been reported in several high‐resource
countries. In the United States, the rate of cesarean delivery‐related
PPH requiring blood transfusion more than doubled between 2001
and 2012, from 2.0 to 4.8 per 1000 deliveries (P<0.0001).6 Similar
increases in the rate of PPH and transfusion over time have been
reported in Canada and Ireland.6,7 A recent population‐based cohort
study from Sweden reported an increasing trend in the rate of massive
postpartum transfusion.8
Risk factors for blood transfusion in obstetric hemorrhage

We summarize information from studies reporting risk factors for
blood transfusion during PPH in Table 1. In a retrospective multicenter
case‐control study from Norway (2008–2012), Nyflot et al. reported
that the strongest risk factors for severe PPH with an associated blood
transfusion were (in descending rank order): a history of previous sev-
ere PPH, anticoagulant drug exposure, gestational anemia, severe
preeclampsia (including hemolysis, elevated liver enzymes, low plate-
let count [HELLP] syndrome), uterine fibroma, multiple gestation, and
pregnancy obtained by assisted reproductive technology.9 Intrapartum
risk factors for severe PPH include a prolonged duration of labor
(>12 h) and operative vaginal delivery.9
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Table 2
Definitions of massive hemorrhage used in the trauma and obstetrical literature

Suggested metrics for gauging massive bleeding

1. >10 units over 24 h
2. Total blood volume replaced within 24 h
3. 50% of total blood volume replaced within 3 h
4. Four units of red blood cells (RBCs) transfused within 4 h with active major

bleeding of more than 150 mL/min
5. Three units RBCs administered over 60 min
6. >8 units of RBCs within 24 h of delivery
7. Postpartum hemorrhage >1500 mL with clinical signs or symptoms of anemia

or hemodynamic decompensation
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Table 2 outlines some of the definitions of massive hemorrhage
used in the trauma and obstetric literature. Maternal, pregnancy and
delivery characteristics significantly associated with massive transfu-
sion are maternal age ≥35 years of age, previous cesarean delivery,
multiple gestation, induction of labor, operative vaginal and cesarean
delivery. Major risk factors are abnormal placental insertion,
preeclampsia, placental abruption, previous cesarean delivery, and
cesarean delivery.10

Clinical contexts associated with blood transfusion have been
explored in a secondary cohort analysis of data from the WOMAN trial,
an international randomized trial studying the efficiency of tranexamic
acid in preventing blood loss from obstetric hemorrhage.11 A non‐
hospital delivery, delivery more than 3 h before hospitalization, cesar-
ean delivery, and obstetric hemorrhage from causes other than uterine
atony, significantly increased the risk of blood transfusion. Of note,
most study sites in this trial were in the developing world.
Blood ordering

A single center study explored the indications for emergency‐
release blood transfusion.12 Uterine atony was the most frequent cause
of PPH requiring emergency‐release blood transfusion (40%), followed
by placenta abruption or placenta previa (16%), retained placenta
(11%), and uterine rupture (5%). A French population‐based study
has also reported that uterine atony remained the most frequent cause
of severe PPH needing blood transfusion. It accounted for 45% of a
747‐patient cohort, followed by placenta retention (10.7%) and per-
ineal wound or episiotomy (11%).1

Placenta accreta spectrum, previously known as morbidly adherent
placenta, is recognized as a major cause of massive transfusion.6,11 Pla-
centa accreta can result in severe obstetric hemorrhage and is the lead-
ing cause of emergent hysterectomy.8 Blood transfusion is needed in
69% of women with placenta percreta and 48% of women with pla-
centa accreta.11 The prevalence of abnormal placentation has signifi-
cantly increased over time in relation to the increasing incidence of
cesarean delivery.13 Antenatal diagnosis of placenta accreta allows
clinicians to ensure that blood products are available before delivery.11
Table 1
Risk factors of blood transfusion in postpartum hemorrhage

Antepartum Peripartum Postpartum

Age >40 years Cesarean section Chorio-amnionitis
Arrhythmia Preterm labor Fetal death
Caucasian race Prolonged labor Operative vaginal delivery
Depression Respiratory distress General anesthesia
Endometritis Sickle cell crisis Nuchal cord
Heart disease Umbilical prolapse
Hypertension Uterine rupture
Renal insufficiency/failure Vaginal laceration
Lupus erythematosis
Maternal infertility
Multiple gestation
Parity >4
Placental abruption
Placenta accreta spectrum
Previous cesarean section
Polyhydramnios
Preeclampsia
Placenta previa
Sickle cell trait
Smoking
Urinary tract infection

Adapted from Pressly MA, Parker RS, Waters JH, Beck SL, Jeyabalan A,
Clermont G. Improvements and limitations in developing multivariate models
of hemorrhage and transfusion risk for the obstetric population. Transfusion
2021;61:423–434.
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The other causes of massive transfusion are uterine atony (21.2%), pla-
cental abruption (16.7%) and PPH associated with coagulopathy
(15.0%).8

Pregnant women with an inherited or acquired coagulopathy are
also at increased risk for PPH needing blood transfusion. Hemorrhage
may occur between 24 h and 12 weeks postpartum as most of the coag-
ulation factors increase during pregnancy. In a case control study using
data from the United States Nationwide Inpatient Sample, James et al.
reported that women with von Willebrand disease have a five‐fold
increased risk of being transfused during pregnancy or childbirth com-
pared with women without von Willebrand disease.14 An increased
incidence of PPH has also been reported in small retrospective studies
among hemophilia carriers and women with rare inherited bleeding
disorders, such as congenital hypofibrinogenemia and factor
deficiencies.15–17

As the risk of thromboembolism is increased during pregnancy,
thromboprophylaxis with low‐molecular‐weight heparin is frequently
used in women with additional risk factors. These women are also at
increased risk of acute bleeding needing blood transfusion at the time
of delivery.18

In 2010, the California Maternal Quality of Care Collaborative
(CMQCC) proposed a stratification of the risk of obstetric hemorrhage
into three categories (low, medium, high) based on clinical and biolog-
ical risk factors.19 Validation studies have shown an increasing risk of
blood transfusion for peripartum hemorrhage as the risk grade
increases.20,21 Therefore, risk stratification may be useful for pre‐
delivery transfusion testing and blood ordering. We advise that all
patients undergo screening for unusual antibodies. If unusual antibod-
ies are present, then crossmatching in the antepartum period is advised
because a serologic crossmatch can be slow. If no unusual antibodies
are present, then low‐ or medium‐risk patients may not require cross-
matched blood to be ordered before delivery. Further, most hospitals
have the capability for electronic crossmatch, which allows for short
turnaround times compared with an era when a serological crossmatch
was performed. If the hospital is too small to do electronic crossmatch-
ing, it seems reasonable to use the CMQCC stratification tool as a
guide.22 If blood is urgently needed, type 0 Rh‐negative erythrocytes
can be used with minimal risk.23

For women of childbearing age, there is concern related to the risk
of allo‐immunization secondary to blood transfusion.24 The antibodies
responsible for the most severe forms of hemolytic fetal anemia are the
anti‐RH1 (D), anti‐RH4 (c) and the anti‐KELL1 (Kell). Ideally, women
of childbearing age should be transfused with ABO‐, RhD‐ and K‐
compatible red blood cell (RBC) units. However, in cases of life‐
threatening hemorrhage, blood compatibility should not delay blood
transfusion with uncrossmatched blood.

For pregnant women with significant red cell antibodies, transfu-
sion laboratories should be contacted to check the on‐site availability
of crossmatched blood products before delivery. In women with a rare
blood type, the need for blood transfusion should be prevented by
increasing the hemoglobin level during pregnancy with iron supple-
mentation, with consideration of recombinant erythropoietin if renal
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insufficiency or failure is present. These women should also deliver in
a tertiary maternity unit with a blood bank on site.

Acute management of active hemorrhage

Over the last two decades, the concept of damage control resuscita-
tion has arisen. This concept was developed to address the lethal triad
of coagulopathy, acidosis and hypothermia that is associated with mas-
sive trauma. Early transfusion was thought to mitigate the risk of coag-
ulopathy associated with massive trauma. From the desire to rapidly
transfuse these patients, the concept of the massive transfusion proto-
col (MTP) arose.

The MTP was pioneered to facilitate rapid transfusion of large quan-
tities of blood products to a massively bleeding patient.25 How blood
components are administered is the subject of the following discussion.

Ratio-based transfusion

Ratio‐based transfusion, the idea for which originated from retro-
spective studies performed in military trauma patients, describes the
transfusion of erythrocytes, plasma and platelets in a ratio resembling
whole blood.

The Pragmatic Randomized Optimal Platelet and Plasma Ratios
(PROPPR) Trial compared a 1:1:1 transfusion ratio (1 unit of platelets
to 1 unit of plasma to 1 unit of erythrocytes) with a 1:1:2 ratio (2 units
of red cells for every unit of plasma and platelets).26 In this study of
massively injured patients, no difference in 24‐h and 30‐day mortality
was demonstrated. By the time this prospective study was published,
the management of the bleeding patient with a ratio‐based transfusion
strategy had been adopted into many disciplines, including obstet-
rics.27 However, no evidence has been generated to demonstrate that
the same outcomes would be obtained in the obstetric population or
in other clinical settings. Mesar et al.27 examined ratio‐based transfu-
sion in non‐traumatic massive transfusion across several different dis-
ciplines, ranging from vascular surgery to medicine patients, and
found no survival benefit with high‐ratio transfusion.

Another problem with adopting this ratio‐based practice to obstet-
rical hemorrhage is that the incidence of massive bleeding in obstetri-
cal patients is much lower than in trauma patients. Several studies
have evaluated the effects of aggressive plasma use in the non‐
massively transfused. Inaba et al. demonstrated that there was a
dose–response relationship between plasma administration and over-
all complications in non‐massively transfused trauma patients.28 They
showed that the odds ratio of overall complications rose in a linear
fashion as more plasma was administered. Likewise, Watson et al.
demonstrated a similar dose–response relationship with plasma in that
the risk of multi‐organ failure increased with an increasing volume of
plasma administration.29 Johnson et al. showed a similar effect on the
rates of multi‐organ failure associated with plasma.30

Based on these observations, a more prudent approach would be to
give these products based on results from laboratory or point‐of‐care
testing. Compared with a ratio‐based strategy, a survival benefit is
observed when laboratory data are used to make transfusion decisions.
In a randomized controlled trial of severe trauma victims, Nascimento
et al. compared a strategy based on laboratory data collected every two
hours with a 1:1:1 ratio‐based strategy.31 This study was stopped early
because of the significantly worse 28‐day survival rates in the ratio‐
based transfusion patients. A similar result was found when
thromboelastography‐guided transfusion was compared with a ratio‐
based transfusion.32 Fig. 1 provides a schematic with recommenda-
tions for transfusion management.

Fibrinogen

There is now a focus on the importance of fibrinogen replacement
during major hemorrhage. In one of the earliest investigations, Charbit
3

et al.33 reported that lower fibrinogen concentrations were associated
with more severe hemorrhage. The positive predictive value for a fib-
rinogen concentration <2.0 g/L was 100%. Intuitively, lower fibrino-
gen concentrations should interfere with adequate blood clot
formation because fibrinogen is a key component. In a randomized
controlled trial, obstetric patients who had >1500 mL of blood loss
were given either 2 g fibrinogen concentrate or a saline placebo. There
was no significant difference in the rate of RBC transfusion between
groups (20% vs. 22%).34 One of the criticisms of this study was that
the fibrinogen concentrate was given to a randomized group who
might not have had low fibrinogen concentrations. Since that trial, a
systematic review of trials comparing fibrinogen replacement with pla-
cebo has been published.35 These authors concluded that there is inad-
equate evidence that early fibrinogen replacement influences bleeding
outcomes, highlighting the need for further research.

Cryoprecipitate or fibrinogen concentrate are products that have
high fibrinogen concentrations. In the United States, fibrinogen con-
centrate is prohibitively expensive. At the University of Pittsburgh, a
vial containing 900 mg of fibrinogen costs $702; whereas a unit of
cryoprecipitate containing 2 g fibrinogen costs $54.50 per unit. In Eur-
ope, cryoprecipitate is less readily available because fibrinogen con-
centrate is less expensive and easily administered. In a comparison
of the efficacy of cryoprecipitate versus fibrinogen concentrate in car-
diac surgery, they were found to be equivalent with respect to the
mean number of blood components transfused.36
Point-of-care laboratory testing vs. traditional laboratory tests

When managing a hemorrhaging patient, obtaining coagulation
and hemoglobin data is critical for transfusion decision‐making.
Obtaining traditional laboratory‐based information requires a blood
sample to be drawn and sent to a hematology laboratory, resulting
in a turnaround time (the time period between blood sampling and
release of results) of up to 60 min.37 Point‐of‐care testing at the patient
‘bedside’ can substantially decrease turnaround time, providing (near)
real‐time data to guide resuscitation and management.

A wide variety of point‐of‐care devices are commercially available.
The Hemocue is a colorimetric hemoglobin monitor which requires
10 µL of blood to measure a hemoglobin concentration. Two devices
manufactured by Massimo (Irvine, CA, USA), the Pronto® and
Radical‐7®, can continuously measure or do spot checks of hemoglo-
bin levels by shining infrared lights through a finger to derive a hemo-
globin concentration. Concerns about data accuracy may have limited
their adoption into clinical obstetric practice.38,39

Viscoelastic testing has been advocated for the monitoring of coag-
ulation function. Techniques and devices that measure viscoelastic
properties of clot formation and lysis include rotational thromboelas-
tometry (ROTEM®, Instrumentation Laboratory, Bedford, MA, USA),
thromboelastography (TEG®, Haemonetics, Inc., Boston, MA, USA),
and the Sonoclot (Sienco, Inc., Boulder, CO, USA). All three devices
place a pin into a cup of blood and then either move the pin or the
cup. As the blood clots, its viscoelastic properties change with increas-
ing degrees of drag being placed onto the pin which in turn is trans-
lated into an electrical signal. Characteristics of the coagulation
system can be derived from the shape of the signal that is generated.
The TEG®6s (Haemonetics, Inc., Boston, MA, USA) works differently
in that it uses ultrasound to measure the vibration of a clot as it forms,
translating the signal into the characteristic TEG signature. A fourth
device recently approved by the Food and Drug Administration works
similarly to the TEG 6s by using ultrasound to measure clot formation
(Quantra, Hemosonics, Charlottesville, VA, USA).

In the management of hemorrhage in cardiac surgery, liver surgery
and trauma surgery, systematic reviews have shown a significant
reduction in blood product use and the number of bleeding events
when viscoelastic testing was utilized.40,41 Most studies included in



Fig. 1. RBC: red blood cell. PPH: postpartum hemorrhage.
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these systematic reviews compared outcomes before versus after
implementation of viscoelastic testing. Similar findings have been
observed when viscoelastic‐based testing is compared with standard
coagulation testing.42 In addition to better hemorrhage control, vis-
coelastic testing has been shown to be predictive of venous throm-
boembolic events in the critically ill,43,44 and reduced hemorrhage‐
related morbidity (including less blood product use, a reduced rate
of hysterectomy, and shorter durations of hospitalization and intensive
care unit (ICU) admission) in obstetrics.45,46

During PPH, TEG parameters have been compared with traditional
laboratory assays. Rigouzzo et al. found that the TEG provided rapid
detection of hypofibrinogenemia and thrombocytopenia.47 Algorithms
incorporating viscoelastic testing with ROTEM and TEG have been
described.48,49 Hill et al. developed a TEG based algorithm which facil-
itated blood product administration and guided other aspects of resus-
citation, including intravenous line placement and MTP activation.50

Another ROTEM‐based algorithm was used to guide plasma transfu-
sion in 605 women with moderate to severe bleeding. By using this
algorithm, the authors found a 98% reduction in plasma transfusion.51

Lastly, a ROTEM‐guided algorithm was associated with a reduction in
the total number of blood products given during major obstetric hem-
orrhage (likely due to the administration of fibrinogen concentrate)
and in the incidence of postpartum circulatory overload.52,53 For hos-
pitals without access to viscoelastic testing, Nascimento et al. demon-
strated in trauma patients that laboratory‐based transfusion decisions
were superior to a 1:1:1 transfusion practice.32

Autotransfusion

Autotransfusion is the collection of shed blood and its re‐
administration to that person. Shed blood can be re‐administered
unwashed but is usually put through a centrifugation and washing pro-
cess. Early in the history of autotransfusion blood washing machines,
4

the manufacturers labeled them as contraindicated in obstetrical hem-
orrhage. In 2000, Waters et al. published a study reporting on the
washing and filtration of shed maternal blood from cesarean sec-
tions.54 Investigators compared a washed, filtered blood sample with
a sample of maternal blood drawn at the time of placental separation.
The autotransfusion sample was equivalent to the maternal sample
across several different parameters intended to assess amniotic fluid
contamination. In 2011, Liumbruno et al.55 published a review of
1665 cases where salvaged blood was re‐infused during a variety of
obstetrical procedures and reported no adverse events. These data pro-
vide evidence that the use of autotransfusion in obstetrics is safe.

The latest generation of autotransfusion devices has received regu-
latory labeling that does not exclude obstetrical hemorrhage. In
response, several organizations have endorsed the use of autotransfu-
sion during obstetrical hemorrhage, including the Confidential
Enquiry into Maternal and Child Health (UK), the National Institute
for Health and Clinical Excellence (UK),56 the Obstetric Anesthetists
Association (UK),57 the Association of Anaesthetists (UK), the CMQCC,
California Maternal Quality Care Collaborative, and the American Col-
lege of Obstetrics and Gynecology.58

Where blood transfusion is not an option

Caring for patients where blood transfusion is not an option can be
challenging in obstetrics. The broadest category of such patients is
Jehovah’s Witnesses. The primary focus in the antepartum period is
to detect and treat iron deficiency. Treatment of antepartum anemia
is discussed in another review in this Special Issue. Erythropoietin is
generally not needed in this population because endogenous erythro-
poietin is elevated and should facilitate the production of erythrocytes.
During delivery, autotransfusion systems can collect and re‐administer
shed blood. Although most patients for whom blood is not an option
will not accept the major components of erythrocytes, plasma and
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platelets, some will accept cryoprecipitate, albumin, recombinant fac-
tor VIIa and autotransfusion. Therefore, we recommend an antenatal
consultation to fully discuss anemia and hemorrhage mitigation mea-
sures, and to obtain documentation for refusal of consent for specific
blood products and substitutes.

Conclusion

In industrialized countries, the rate of blood transfusion in obstet-
rics has been increasing. As PPH is often unanticipated, women should
deliver in a hospital with an adequate blood bank inventory. If possi-
ble, blood transfusions should be guided by laboratory or point‐of‐care
testing instead of formula‐based approaches. Autotransfusion is recom-
mended to minimize the exposure to allogeneic blood.
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