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Is Postpartum Hemorrhage a Legacy of our
Evolutionary Past?
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INTRODUCTION

midplane and outlet of the birth canal line up in the
anterior–posterior dimension, thereby allowing the
widest portion of the neonatal skull (also the anterior–
posterior dimension) to navigate the birth canal without rotation, despite a relatively close correspondence
between the maternal pelvic dimensions and neonatal
head size4–6. In contrast, due to the changes in the
human pelvic dimensions secondary to bipedalism, the
long axes of the inlet and outlet of the modern human
pelvis are perpendicular4–6. To navigate the tortuous
birth canal, the human neonate rotates twice, once
to accommodate aligning the widest portion of the
fetal skull with the widest dimensions of the maternal
pelvis and again so the shoulders can follow, a pattern
that is thought to have originated relatively early in
human history5,6. The process of human birth became
even riskier when brain size began to enlarge dramatically with the origin of the genus Homo around 2
million years ago. The timing of this dramatic
encephalization approximately coincided with the
further narrowing of the obstetric dimensions of the
pelvis, an adaptation that is thought to have greatly
increased the efficiency of bipedal locomotion. The
resulting incompatibility between the size and shape of
the bipedal pelvis and the enlarged fetal brain, also
known as cephalopelvic disproportion, is an important
factor in explaining the prevalence of obstructed labor
in modern humans, which accounts for 8% of
maternal mortality4,5,7.
The leading cause of maternal mortality worldwide
is PPH, accounting for up to 35% of maternal deaths8.
PPH is estimated to affect 10.5% of human births
worldwide9, but, despite its ubiquity, the underlying
reasons why humans are so vulnerable to this condition remain unclear. From an evolutionary perspective, PPH is an enigma: why is something with such a
high risk of death so common? Most disorders with
high mortality risks are uncommon, such as Tay-Sachs
disease, or more common after the completion of
reproduction, as is the case with many cancers. An
evolutionary approach to answering this question may
therefore offer a fresh perspective on the ultimate
causes of PPH in humans and, thus, on the costs and
the benefits of specific features of human anatomy and
physiology.

From an evolutionary perspective, postpartum hemorrhage (PPH) is an enigma: why is something with such
a high risk of death so common? This chapter suggests
that the increased risk of PPH in humans compared
with non-human primates is an unfortunate side-effect
of natural selection for larger brains. The complementary increase in neonatal brain size over the course of
human evolution was enabled by the extremely invasive pattern of human placentation, which led to an
increase in complications of placental separation from
the uterine wall at delivery.
Each year, approximately 350,000 maternal deaths
occur worldwide. The majority take place in developing countries1. Worldwide, one woman in 74 will die
of maternal causes; in sub-Saharan Africa, however,
the risk of maternal mortality can be as high as one in
six2. Estimates from historical data and religious groups
that decline medical treatment suggest that without
intervention maternal mortality rates (MMRs) would
be very high, perhaps 1000–1500 maternal deaths per
100,000 live births3. This rate approximates the current MMR in the sub-Saharan countries with the
highest rates of maternal mortality, i.e. Chad, Malawi
and the Central African Republic (n = 1065, 1140 and
1570, respectively)1. Because medical interventions
such as cesarean sections are a relatively recent development in the course of human history, MMRs have
very likely been as high or higher in the past.
The high rate of maternal mortality in humans
stems in part from two unique human adaptations:
bipedalism, which emerged at the origin of the human
lineage around 7 million years ago; and enlarged
brains, first seen at the emergence of our genus, Homo,
around 2 million years ago. The development of
bipedalism is thought to have allowed the earliest
humans to respond to climate (and therefore habitat)
change by permitting more efficient terrestrial locomotion, improved evaporative heat loss, and/or the
ability to carry objects while traveling. Anatomically,
however, the adoption of bipedal locomotion
involved numerous changes to the bony pelvis,
including the lateral widening of the pelvic girdle, a
feature which led to significant shifts in the mechanism
of birth4–6. In monkeys, the long axes of the inlet,
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subsequently penetrated, so that placental tissue is in
direct contact with maternal blood.
Further differentiation occurs within hemochorial
placentation in terms of depth of implantation. In
monkeys, implantation is superficial, with only moderate penetration of the uterine wall by the chorion17.
Trophoblast cells surround maternal vessels within the
endometrium and cause them to lose some of their
muscularity, which, in turn, lowers vascular resistance
and increases blood flow to the developing embryo20.
The monkey placenta thus forms a trophoblast shell,
which is a mostly continuous layer of trophoblast cells
within the endometrium that largely limits trophoblast
invasion into the myometrium21,22. In contrast, the
human placenta is much more invasive, lacking a
trophoblast shell and deeply penetrating the uterine
epithelium, even migrating through the endometrial
stroma beneath into the upper third of the myometrium in a process called interstitial implantation13,23,24. The human trophoblasts extensively
remodel the maternal spiral arterioles to nourish the
rich endometrium25. Less is known about placentation
in the other hominoids than in modern humans, but
recent reports suggest that more invasive interstitial
placentation also occurs in the African great apes,
although the currently available data are drawn from
only two chimpanzee placentas26.
To accomplish the extraordinary feat of deeply
invading the uterus and remodeling its vessels, trophoblast cells develop an invasive phenotype (Figure 1).
Some become the villous cytotrophoblasts (VCT) that
cover mesoderm cores to become the chorionic villi.
These villi are in direct contact with maternal blood
pulsating throughout the placenta. As gestation progresses, most of the cytotrophoblasts fuse to form a
continuous multinucleated layer called the syncytiotrophoblast (SCT), across which nutrient, gas and
waste transport takes place. Other trophoblast cells
mediate the placental adherence to the uterine wall as

This chapter explores a novel, evolutionarily driven
hypothesis regarding PPH, arguing that as adult (and
therefore fetal) brain and body size increased over the
course of human evolution, existing primate patterns
of invasive placentation were modified to allow for
increased maternal nutrient transfer in utero10,11.
Unfortunately, the resultant pattern of placentation
came at an unfortunate cost: uteroplacental separation
at birth is more likely to be hindered, thereby leading
to high rates of PPH. To support these arguments, this
chapter discusses some of the key features of invasive
human placentation, reviews suggestions that overly
aggressive placental invasion may be critical to the
etiology of PPH, and examines the comparative
evidence for placental disorders related to trophoblast
invasion. The chapter concludes with a consideration
of the causes, timing and effects of PPH over the
course of human evolution.
THE INVASIVE PATTERN OF HUMAN
PLACENTATION

The existing pattern of human placentation has recently
been argued to be a modification of existing patterns of
primate placentation to increase nutrient transport in
utero and support the increase in fetal brain size over
time. A brief description of the development and functional morphology of the placenta is thus central to this
argument12–17. The primate placenta forms within a
few days of fertilization from trophoblastic cells of fetal
origin. The trophoblasts comprise the outer cell mass
(OCM) of the early blastocyst, a hollow ball of cells
derived from the fertilized egg12,13, while the inner cell
mass of the blastocyst gives rise to the fetus. Because of
its shared origin with the fetus, the placenta can be
viewed as an extrasomatic fetal organ, which acts as a
sensor of nutrient availability in the maternal circulation
and thus a calibrator of fetal growth18.
Placentas show striking variations in invasiveness,
exhibiting three main phenotypes19. The epitheliochorial placenta, found in ruminants, horses and swine,
is the least invasive form; it adheres to the epithelial
lining of the uterine wall without penetrating it,
thereby providing no contact with the underlying
maternal vasculature. Nutrient transport into the fetal
circulation occurs via diffusion through several layers
of tissue: the walls of the maternal vessels, the surrounding endometrial stroma, the uterine epithelium
and finally the chorion, which is comprised of trophoblasts from the OCM and of fetal mesoderm, a tissue
deriving from one of the main three cell layers of the
early embryo. In order of invasiveness, the next mode
is endotheliochorial (as seen in dogs and cats), whereby
the chorion penetrates the endometrial surface and is
in contact with the endothelium of maternal vessels
but is not immediately adjacent to maternal blood.
The most invasive placental form is the hemochorial
placenta (as seen in rodents and primates), in which
the chorion penetrates the endometrial epithelium and
the deeper endometrial stroma to arrive in direct contact with maternal vessels, the walls of which are

Figure 1 Human placenta. Section through chorionic villus
(fetal mesoderm core covered in trophoblast) and underlying
endometrium. Dark staining cells are various trophoblast
phenotypes:
SCT,
syncytiotrophoblast;
VCT,
villous
cytotrophoblast; ACT, anchoring cytotrophoblast; ECT,
extravillous invasive cytotrophoblast. Courtesy of Harvey Kliman,
MD, PhD, Yale University
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anchoring columns (ACT)27. A final group of cytotrophoblast cells develops a highly invasive phenotype.
These extravillous invasive cytotrophoblasts break free
from the other trophoblast cells and migrate deeper
into the uterus. They surround the maternal spiral
arterioles and initiate a breakdown of their internal
muscular layer (the tunica media) (Figure 2). This
replaces the muscular and elastic tissue of the arteriole
wall with a thick layer of non-contractile fibrinoid
material, which in turn reduces vascular resistance.
The shape of the vessel is also converted in such a way
that its diameter increases, while its distal portion
opens into a funnel-like outlet into the growing placenta28,29. Such changes combine to maximize blood
flow, increase hemodynamic efficiency, and reduce
the potential impact of vasoconstrictors28. The invasion and subsequent conversion of the deeper vessels
of the human uterus takes place early in the second
trimester, around 15 weeks30. In summary, these
transformations increase maternal syncytiotrophoblast
surface area and render maternal vasculature relatively
powerless to limit physically blood flow to the
placenta; these strategies channel large quantities of
nutrients and oxygen to the large-for-maternal-bodysize newborns of hominoids, including humans31–34.

restricting blood flow to the placenta35. The resultant
placental insufficiency may induce symptoms that
include hypertension, proteinuria and renal pathologies, and, in the case of eclampsia, convulsions and
death. Pre-eclampsia has been frequently described as
a disorder unique to humans because of the role of
trophoblast invasion and vascular remodeling36–39.
Carter and Martin40 recently critiqued the conventional thinking of pre-eclampsia being a uniquely
human condition, suggesting that this assumption has
not been exposed to extensive inquiry. They cite
examples of physiological changes in pregnant primates that may indicate a deeper evolutionary timeline
for pre-eclampsia. For example, in a study of five
pregnant baboons who underwent uterine artery
ligation (a treatment that effectively limits blood
flow to the placenta and increases maternal blood pressure), symptoms consistent with pre-eclampsia were
observed, namely, changes to the microscopic kidney
morphology, proteinuria and increased blood pressure41. Hennessy et al.42 described similar renal and
hypertensive symptoms in a baboon pregnant with
twins. Comparable changes to the kidney were
reported in a single chimpanzee43, and symptoms
tentatively described as eclamptic convulsions were
reported in two matrilineally related gorillas44.
Although this small dataset (n = 9 across three genera) points to the possibility that pre-eclamptic symptoms may not be limited to humans, none of these
studies described any morphological features of the
placenta corresponding to the well described alteration
of invasive events that characterizes pre-eclampsia in
humans35. What is consistent in these examples, however, is the induction of a hypertensive environment,
either through the mechanical restriction of blood
flow to the uterus or via the demands of multiple pregnancy. Further, as Carter and Martin also note, the
invasive extravillous trophoblasts responsible for the
extensive remodeling of the human uterine vasculature appear to be absent in baboons and macaques,
the monkey species in which placentation has been
most studied40. Taken together, the available observations suggest that while the hypertensive symptoms of
pre-eclampsia may be inducible within the primate
order, the underlying placental causation – blocking of
the characteristically deep invasion and extensive vascular remodeling – is unique to humans, or at least has
not yet been definitively shown to be a component of
the etiology of gestational hypertension in non-human
primates.
In addition to pre-eclampsia, a number of disorders
in humans represent the range of placental
invasiveness. At one end of the spectrum is placental
abruption, in which the placenta prematurely separates
from the uterine wall, suggestive of shallow implantation45. On the other is the cluster of highly invasive
disorders comprising placental accreta, whereby
trophoblast invasion is severely dysregulated and the
placenta implants far beyond its normal limits46. The
most invasive of these is placenta percreta, in which
the placenta completely penetrates the myometrium,

THE LINK BETWEEN PLACENTATION AND
POSTPARTUM HEMORRHAGE

The processes of trophoblast differentiation, invasion
and vascular conversion are normal components of
human gestation, but all carry potentially significant
risks. Pre-eclampsia, characterized by shallow trophoblast invasion and insufficient remodeling of maternal
vessels, is a prime example of the disruption of the delicate balance in utero. In pre-eclampsia, rather than
being transformed into the wide, straight funnels that
easily conduct maternal blood to the placenta and in
turn the fetus, the maternal spiral arterioles remain
coiled, their muscular walls intact and operable, thus

Figure 2 Darkly staining invasive extravillous cytotrophoblasts
(ECT, some indicated by white arrows) surrounding maternal
uterine arterioles (outlined in dashed black circles). Arteriole on the
left is completely surrounded by ECT and further along the
conversion process than the arteriole on the right. Courtesy of
Harvey Kliman, MD, PhD, Yale University
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in some cases migrating out onto organs outside the
reproductive tract, such as the rectum or kidneys47.
Placenta percreta, which can lead to spontaneous uterine rupture48, is often localized to areas of prior uterine scarring, as the non-vascular fibrous scar tissue that
replaces the muscle may allow overimplantation49.
The highly invasive nature of human trophoblasts can
also give rise to gestational trophoblastic diseases such
as choriocarcinoma, a neoplasm that can metastasize to
the lungs and cause death years after pregnancy50,51.
Just as pre-eclampsia is a gestational disorder arising
from impaired placentation and the resultant underremodeling of uterine vasculature, PPH may have its
roots in overly aggressive placental invasion and vascular remodeling10. In support of this hypothesis (and in
direct contrast to pre-eclampsia), one of the clinical
risk factors for PPH is macrosomia52, which is suggestive of a high rate of nutrient delivery to the fetus, as
would be expected if the vessels supplying the placenta
were expanded in size, number, or power. A number
of factors may contribute to this over-remodeling. For
example, the maternal immune system could respond
inadequately to counter the activity of invasive
trophoblasts on the arterioles, leaving these vessels vulnerable to excessive remodeling and therefore overly
conductive of maternal blood to the fetoplacental
unit51. Alternatively or concomitantly, more arterioles
than usual may be remodeled or even recruited to
form de novo by the invasive cells. Indeed, invasive
trophoblast cells are capable of attracting and increasing neighboring maternal blood flow through the production of factors that promote vessel dilation and
discourage clot formation53–55. These invasive cells
can also completely displace the maternal cells lining
the remodeled vessels, essentially forming new blood
vessels of placental origin within the uterus55. In addition to the great advantage of directly soliciting and
facilitating increased maternal blood flow to the placenta and fetus, these mechanisms, when unchecked,
may also have the effect of replacing or handicapping
uterine muscle cells, thus diminishing the effective
ratio of contractile to non-contractile tissue in the
myometrium and dampening the ability of the uterus
to contract immediately postpartum. In addition, a
high rate of vascular turnover and inflammation could
be accompanied by an accumulation of subclinical
uterine trauma and scarring, which could also hamper
contractility when it is urgently needed.
What has been laid forth above strongly suggests
that the human pattern of trophoblast invasion and/or
the extensive vascular remodeling of the uterus may
impede the normal processes of myometrial contraction and clot formation after delivery. In a typical
delivery, the placenta begins to separate from the uterine wall even before the delivery of the baby49. Any
resulting uterine bleeding at the site of placental separation is normally stopped by ‘the mechanical constriction of the blood vessels due to the uterine muscle
contraction and retraction and by clots sealing off the
raw surface in the placental bed’56. When uterine
bleeding during labor or immediately after the

delivery is not stopped by these mechanisms, the
threat of maternal death from catastrophic hemorrhage
is very real. The two major risk factors for PPH, uterine atony and a prolonged third phase of labor,
together account for 93% of PPH-related deaths57.
Uterine atony, the absence of adequate uterine contractions to sufficiently clamp the uterine vessels and
stop bleeding from the 20 cm diameter wound that
remains on the uterine wall when the placenta does
separate, is the leading risk factor for PPH, accounting
for 70% of the cases49. The underlying causes of uterine atony, however, are unclear. Uterine atony is often
associated with retained or incomplete placenta delivery49, but the directionality of this link is not clear. It is
possible that a retained placenta and its vascular attachments may present a physical barrier to uterine muscle
contraction. Conversely, uterine atony could hinder
placental separation and expulsion. In addition to the
physical and physiological factors that may interfere
with uterine contraction, risk factors that overstretch
the uterus, including multiple pregnancy, macrosomia
and polyhydramnios, are also associated with atony49.
Considering the importance of reproduction to the
process of evolution by natural selection, the integration of clinical medicine and evolutionary biology
is a logical avenue to pursue, despite our incomplete
knowledge of the ultimate causes of PPH.
HUMAN VULNERABILITY TO POSTPARTUM
HEMORRHAGE IN AN EVOLUTIONARY CONTEXT

PPH is rare in domestic animals for which data are
available58. Noakes et al. report that because many
domesticated animals (e.g. swine, horses, cattle) have
non-invasive epitheliochorial placentas, bleeding at
the time of delivery is only likely if excessive force is
used to deliver the placenta59. In these animals, trauma
followed by hemorrhage is paramount: ‘the usual
cause of serious hemorrhage is laceration of a uterine
blood vessel by a fetal appendage, obstetric instrument,
or hand of the obstetrician’58. In fact, Rooney58
reports ten fatal cases of PPH in aging mares, all related
to lacerations of arteries. In carnivores such as the
house cat, moderately invasive endotheliochorial placentas allow for an increased risk of blood loss at
delivery, which often occurs when the placenta is precipitously removed during cesarean sections58. These
data, albeit minimal, suggest that blood loss at delivery
has a direct connection to the degree of placental
invasiveness, such that animals with minimally invasive epitheliochorial placentas are unlikely to bleed at
delivery except in the case of induced vascular trauma,
whereas those with moderately invasive endotheliochorial placentas may bleed if the placenta is prematurely separated from the uterine wall.
If indeed broad categories of placental invasiveness
predict the probability and/or volume of blood loss at
delivery, then primates with hemochorial placentation, which involves remodeling of at least the
endometrial vasculature, should be expected to lose a
small volume of blood postpartum. Unfortunately,
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primates32–34. Modeling by DeSilva and Lesnik66 suggests that neonatal brain size increased 25–50% from
australopithecines (~180 cc) 3 million years ago to
members of the genus Homo (~225–270 cc) 2 million
years ago. If the cost of fetal brain metabolism
approximates that of the neonatal period (60–74% of
energy intake compared to 20% in the adult)33,67, then
increases in absolute neonatal brain size and metabolism meant increases in the amount of energy needed
during pregnancy to support a fetus. Furthermore,
modern human newborns appear to be fatter than
most other mammalian newborns, with the exception
of guinea pigs and some aquatic mammals32,68,69. It is
highly likely that significant changes in dietary quality,
most probably increases in animal product intake (e.g.
meat) relative to other foods, accompanied the origin
of the genus Homo70–72. Taken together, the enhanced
metabolic requirements of pregnancy due to increased
human neonatal weight, adiposity and especially brain
size suggest that the origin of the genus Homo was
accompanied by a significant increase in the energetic
cost of bringing a fetus to term11.
Skeletal anatomy related to habitual bipedalism
applies a constraint on this investment and resultant in
utero brain growth, in that it ‘determines rigidity and
arrangement of the bones in the pelvis, affects the size
of the birth canal, and thus determines the maximum
fetal size at birth’7. A number of human adaptations
maximize the deliverable neonatal head size, including
an expandable pubic symphysis73,74 and compressible
fetal skull75. In addition, traditional labor positions,
such as squatting, take advantage of gravity and allow
the pelvis to open to its maximum width7. Furthermore, the uniquely human pattern of assistance during
labor permits manual rotation and/or maneuvering of
the fetus during parturition7.
Human parturition occurs at the point beyond
which fetal and potentially maternal demise would be
far too likely to be favored by selection, as too large a
fetal head simply would not be able to exit the pelvis.
As a result of this constraint, the human fetus has often
been characterized as being born at a far more
immature developmental stage than the other primates33,76,77, yet nonetheless it has the biggest absolute
brain size. The large size of the human neonatal brain
relative to maternal mass78 suggests that additional
energy is being channeled to the fetus.
In particular, maternal fatty acids such as docosahexaenoic acid (DHA) are key nutrients for
intrauterine and postnatal brain development71,79,
especially for the production of myelin, the fatty
sheath encasing axons and enhancing cognitive function. The fatty acid concentration in placental circulation is dependent on two main factors: the maternal
concentration of fatty acids and their efficient transfer
across the placenta80,81. Although long chain polyunsaturated fatty acids (LCPUFA) can be transported
passively across the maternal–fetal concentration gradient, recent research emphasizes the importance of
plasma membrane-located transport/binding proteins
in this process82,83. The transport proteins existing on

data available on postpartum bleeding or its risk factors
in non-human primates are scant at best, save two published reports of retained placenta60,61. At the same
time, however, few other primates approach the
extreme level of cephalopelvic disproportion exhibited
by humans, indicating that overall, labor in non-human
primates is a simpler, less potentially traumatic event.
Considering the importance of pregnancy and labor in
zoos as well as captive research and breeding facilities,
the lack of an anecdotal literature on PPH in
non-human primates can be viewed as tentative support
for the hypothesis that the elevated incidence of PPH
is unique to humans, although more systematic study is
clearly required, particularly among the great apes.
If PPH is not a common feature of mammalian or
even primate pregnancy, when did this vulnerability
arise in human history? Rockwell et al. suggest that the
shift toward bipedal locomotion approximately seven
million years ago and its attendant consequences for
pelvic anatomy may have spurred changes in patterns
of placental invasiveness and vascular remodeling to
counteract gravitational effects29. A shift to habitually
erect posture and bipedal locomotion places the major
abdominal vasculature (e.g. abdominal aorta, inferior
vena cava) at risk of compression by the gravid
uterus62. This in turn constrains blood flow and thus
oxygen to the uteroplacental unit, with potentially
deleterious consequences for the developing fetus. In
response, the human placenta could have modified the
pre-existing primate pattern of placentation, implanting even more extensively into the myometrium and
actively altering the maternal vasculature to improve
placental perfusion, thereby protecting the fetus from
the vascular effects of gravity29. Because increases in
invasiveness expand the placental surface area available
for transport of nutrients from the maternal to the fetal
circulation63,64, it is reasonable to suggest that changes
in placental anatomy allowed an increase in intrauterine nutrition for the developing hominin fetus11.
INCREASED FETAL NUTRIENT REQUIREMENTS IN
THE GENUS HOMO

The origin of the genus Homo around 2 million years
ago was marked by a number of key changes in
hominin morphology, the most significant of which,
from an energetic standpoint, were a significant
increase in body size and a tripling of brain size, from
approximately 400 cc in the earliest human ancestors
to approximately 1400 cc in modern humans. This
latter volume is three times larger than would be
expected for a commensurately sized great ape33,34.
Such shifts in adult body proportions would have also
been associated with similar shifts in offspring proportions, such that energetic investment in fetuses and
neonates in the genus Homo would have increased
substantially as well. Modern human infants are the
largest of all primate neonates65, even though humans
are not the largest primates. Corrected for maternal
body size, the relationship of neonatal mass to maternal mass is still larger in humans than in almost all other
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the placental interface are saturable, so that the rate of
LCPUFA transport is maximized when all the binding
sites are filled. Because the rates of both passive transport by diffusion, which is directly correlated to surface area, and active transport via transport proteins,
which increases in number as the area of the membrane increases, are related to surface area, increased
placental surface area might thus allow for increased
transfer of fatty acids across the placenta. An expansion
of placental surface area would be one way to increase
the efficiency of intrauterine nutrient transport in
hominins without the need for qualitatively altering
caloric intake relative to other primates. Rutherford
and Tardif demonstrated that the placentas of marmoset monkey triplet litters had a significantly expanded
transport surface area compared with those of twin
litters, despite a reduction in the ratio of maternal to
fetal mass, suggesting that increasing the area available
for transport is an efficient strategy to support greater
fetal growth in primates84. Taken together with the
hypothesized shifts in early hominin diets to include
more animal products70,71, which in turn would be
expected to increase maternal fatty acid and ketone
concentrations85 and thus the supply available to
the developing fetus, increases in placental fatty acid
transport to the fetus were very likely critical to the
evolutionary trajectory of hominin brain development. It has been proposed recently that without
changes in hominin placentation that both intensify
invasion into the uterine wall and expand the surface
area in contact with maternal blood, combined with
changes in diet quality, growing a large and highly
myelinized fetal brain would have represented so large
a portion of maternal energy expenditure as to render
increases in fetal brain growth prohibitively costly,
aside from any mechanical constraints of the
abdominal and pelvic anatomy on parturition11.

with the mutation versus 14% of those without it;
p = 0.01)86. Even if thrombophilias offer protection
against PPH, carriers may incur other potentially significant costs. The most significant of these costs is an
increased risk of thromboembolism in pregnancy,
which accounts for approximately 15% of maternal
deaths8. A recent systematic literature review and
meta-analysis of the risk of thrombosis in pregnancy
for FVL carriers determined that homozygotes have a
relative risk as high as 34.4% compared with the 8.3%
risk of heterozygotes, although this does not translate
to an exceptionally high absolute risk (3.4% in homozygotes and 0.8% in heterozygotes), given the rarity of
thrombosis in the overall population (1:1000)90. The
costs of FVL, which accounts for over 40% of all
thromboses, are also suggested by its virtual absence
among natives of Africa and Asia88, parts of the world
where the mortality rate due to PPH is especially high.
Lindqvist and colleagues86,87 argue that the maintenance of the FVL allele at such a high frequency
despite its associated risks is indicative of strong
balancing selection for protection against PPH.
In addition to genetic factors, humans have developed multiple behavioral interventions for PPH and
its risk factors. Lefèber and Voorhoeve extensively
reviewed child birth customs and discussed a number
of interventions used by traditional birth attendants
(TBAs) that appear to replicate the effects of active
management of the third phase of labor91. First, if the
placenta is delayed, TBAs may administer substances
or perform actions that will cause the delivering
woman to sneeze, gag, or vomit, thus tensing her
abdominal muscles and potentially contracting the
uterus. For example, TBAs may insert garlic or hair
into the woman’s mouth or administer salted water to
induce gagging or vomiting91. In Jamaica, the woman
may be encouraged to inhale deeply followed by
exhaling forcefully into a bottle; this maneuver applies
internal pressure to the uterus and can stimulate contractions92. Second, abdominal pressure and uterine
massage, pressing and rubbing are widely reported91.
In West Melanesia, a hot compress made of wood may
be applied to the vulva and abdomen to stop the flow
of blood93. Third, while it is not precisely ‘controlled
cord traction’, Lefèber and Voorhoeve present examples from India, Malaysia, Ghana and Indonesia of
TBAs pulling on the umbilical cord and manually
removing the placenta91. Such examples demonstrate
that TBAs may attend to cues of possible PPH and
possibly intervene in manners that may replicate
WHO’s mechanisms of active management of the
third phase of labor. The cross-cultural variations in
these interventions suggest these traditions have longstanding cultural roots, and the minimal materials
required suggest that these sorts of interventions could
have been performed by earlier hominins94.

EVIDENCE FOR THE LONGSTANDING HISTORY
OF POSTPARTUM HEMORRHAGE IN HUMANS

Genetic and ethnographic evidence offer more clues
to a longstanding human history of PPH. Lindqvist
and colleagues86,87 argue that thrombophilias, polymorphisms that promote coagulation, have been
selected for their ability to counterbalance the risk of
PPH. Factor V Leiden (FVL), one of the best characterized procoagulatory mutations, causes a resistance
to the anticoagulatory activity of activated protein C
(APC)88, which allows individuals with the FVL
mutation to clot faster. Approximately 5% of Europeans carry the FVL gene, and frequencies can reach as
high as 10–15% in northern Europe, where the mutation likely arose88 approximately 21,000 years ago89.
In a retrospective Swedish study, Lindqvist et al. found
that women who were homozygous or heterozygous
for the FVL mutation lost significantly less blood at
delivery (an average of 60 ml less blood lost;
p = 0.001) and were significantly less likely to hemorrhage than individuals without the mutation (defined
in this study as 600 ml blood loss or more; 2% of those

CONCLUSION

PPH is the leading cause of maternal mortality worldwide. The condition exacts huge tolls on human
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capital, particularly where women do not have ready
access to medical care. Research on PPH traditionally
has focused on treatments and risk factors, whereas
comparatively little work has been performed to
explore the underlying mechanisms of this potentially
fatal disorder. As argued here, the high risk of
PPH-related mortality in humans is potentially a
consequence of placental adaptations toward intense
invasiveness and radical remodeling of maternal
vasculature, driven by the energetic demands of
the large-bodied and large-brained hominin fetus.
However, the transformative activity of the human
trophoblast cells carries with it significant risk of gestational complications for both mother and offspring.
The example of pre-eclampsia – a serious hypertensive
complication of pregnancy caused by inadequate
vascular remodeling of the uteroplacental unit – serves
as a corollary for the etiology of PPH reviewed here
and illustrates the delicate balance between investment
and risk. If adequate uterine vascular remodeling is not
achieved, then the mother is placed at risk of hypertension and death, and the fetus may experience
growth restriction and its cascade of lifelong health
consequences. If the target of vascular remodeling is
exceeded, on the other hand, the resultant excessive
remodeling, hyperperfusion of the placenta, and over
nourishment of the fetus, may lead to catastrophic
maternal bleeding and maternal and fetal death.
Although the human placenta shares deep phylogenetic roots with the primate hemochorial placenta,
the morphology of the modern human placenta
appears to be distinct from that of other primates, as
indicated by available histological and physiological
studies of the placenta, comparative data on pregnancy
outcomes, and the time depth of PPH suggested
by coagulation factor polymorphism distribution
and ethnographic consilience in birth practices10,11.
Because more than 50% of PPH cases currently have
no identifiable risk factors95, understanding the underlying cause of the increased risk of PPH in humans is
an important step toward discovering new modes of
treatment and eventually prevention on a global scale.
Interdisciplinary collaborations based on an understanding of the evolutionary biology and physiological
mechanisms of placentation and uterine vascular
remodeling may hold the best hope for aiding women
and health care providers to make evidence-based,
pragmatic choices about place of delivery.

the non-human primates, which generally have less
invasive placentas and less brain growth in utero
●
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