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Introducti on

Unlike any other organ, the placenta in short course arises 
anew, serves the functi on of several organ systems at once, 
and then disappears. In additi on to ensuring oxygen and 
nutrient delivery to the foetus and waste removal, steroid 
producti on, immune suppression, and storage of criti cal 
nutrients and substrates, this transient organ determines 
much of maternal and neonatal well-being. Several obstetric 
conditi ons are essenti ally placental diseases. Aberrati ons 
of placental implantati on, structure or size, and the 
characteristi cs of placental ti ssue may signifi cantly alter 
foetal/neonatal health permanently. While there remains 
much to learn, decades of impactf ul research, advances 
in placental bed biopsy techniques, electron microscopy, 
ultrasound and MRI have advanced our understanding of the 
pathophysiology of the placenta and of its impact. This review 
will highlight the basics of placental physiology, discuss 
the most frequent placental pathophysiology, and broadly 
describe clinical practi ces and techniques for placental 
and disease surveillance in order to improve maternal and 
neonatal outcomes.

Placental Origins and the Roots of Pathology

The placenta arises from progenitor trophoblast cells of the 
blastocyst’s outer trophectoderm layer, which proliferate to 
form cytotrophoblasts, the epithelial stem cells of the placenta. 

Cytotrophoblasts diff erenti ate along two major pathways 
to form syncyti otrophoblasts and extravillous trophoblasts 
(EVTs).1 Syncyti otrophoblasts are criti cal to placental endo-
crine functi on, producing hormones essenti al for pregnancy 
maintenance and serve as the primary site of nutrient, gas, 
and waste exchange between mother and fetus. EVTs, on the 
other hand, comprise two disti nct subtypes: intersti ti al EVTs 
and endovascular EVTs. Intersti ti al EVTs invade the decidua 
and inner myometrium, anchoring the placenta to the uter-
ine wall. On the other hand, endovascular EVTs infi ltrate the 
maternal spiral arteries to transform these vessels from low 
capacitance, high resistance arteries into high capacitance, 
low-resistance vessels. This process increases the arteri-
al diameter fi ve- to ten-fold and is essenti al to establishing 
the high-volume, low-pressure blood fl ow system required 
to support the developing foetus.2 The placenta itself con-
stantly grows to meet the changing needs of the developing 
foetus. At term, uterine blood fl ow increases to approximate-
ly 500–750 mL/minute, 3 underscoring both the remarkable 
vascular adaptati on achieved by the placenta and the poten-
ti al for rapid haemorrhage and maternal decompensati on 
aft er delivery, especially in the setti  ng of uterine atony and 
placenta accreta spectrum disorders.

As described by Brosens in 2011, major obstetric conditi ons 
such as preeclampsia, foetal growth restricti on, spontaneous 
preterm labour, preterm premature rupture of the membranes 
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(PPROM), and placental abruption, share a common pathway 
mediated through the placenta that involves defective deep 
placentation due to absent or incomplete remodeling of 
the spiral arteries.4 Defective deep placentation has been 
described in preeclampsia,5,6 foetal growth restriction, as well 
as other obstetric syndromes including spontaneous preterm 
labour, preterm premature rupture of the membranes 
(PPROM), and spontaneous abortion. In normal placental 
development the transformation of spiral arteries to high 
capacitance, low-resistance vessels occurs throughout 
the placental bed, with little transformation occurring at 
the periphery where there is less trophoblast invasion. In 
preeclampsia, fewer spiral arteries transform completely, 
and only a few do so in the center of the placental bed. In 
preeclampsia with foetal growth restriction, the placental 
bed additionally shows nontransformed spiral arteries with 
frequent obstructive lesions such as thrombosis and acute 
atherosis.4 Compared with individuals who delivered at term, 
the placental bed biopsies of those who experienced preterm 
labour and preterm premature rupture of the membranes 
more frequently demonstrate failed transformation of the 
myometrial spiral arteries, though to a lesser degree than 
in those with preeclampsia; similar findings are identified 
among those with placental abruption.

Decreased maternal blood flow to the placenta also helps 
explain the placental underpinnings of major obstetric 
morbidities. The size of the placental bed correlates with 
maternal blood flow to the placenta, which is determined 
by the number of spiral arteries communicating with deep 
vascular spaces. Deeper spiral artery transformation in the 
central portion of the placenta also contributes to increased 
maternal blood flow to the placenta.4

In addition to decreased maternal blood flow to the pla-
centa, incomplete spiral artery remodeling leads to chronic 
uteroplacental ischemia, triggering angiogenic imbalance, 
maternal endothelial dysfunction, oxidative stress, and sys-
temic inflammation.7,8 These mechanisms are thought to 
underlie the clinical manifestations of preeclampsia, includ-
ing hypertension and end-organ dysfunction, and contribute 
to foetal growth restriction, placental abruption, stillbirth, 
and indicated preterm delivery.9 Placental biopsies from 
preeclamptic pregnancies often show shallow trophoblast 
invasion, incompletely remodeled spiral arteries, and acute 
atherosis.10 The placenta also drives maternal metabolic 
adaptation: as pregnancy progresses, placental hormones, 
particularly placental growth hormone and human placental 
lactogen (hPL), alongside cytokines such as tumor necrosis 
factor-alpha (TNF-α), progressively increase maternal insulin 
resistance to ensure adequate glucose delivery to the foetus, 
while hPL simultaneously stimulates expansion of maternal 

pancreatic beta-cell mass and insulin secretion to maintain 
euglycemia.11 When this compensatory mechanism is insuffi-
cient, gestational diabetes mellitus (GDM) results.

At the other end of disordered placentation, placenta accre-
ta spectrum (PAS) disorders represent defects of the endo-
metrial-myometrial interface that occur from scarring, most 
commonly from prior caesarean delivery. Scarring leads to 
failure of normal decidualization, permitting anchoring villi 
and EVTs to adhere abnormally to the myometrium.12 The 
depth of penetration defines the spectrum, including placen-
ta accreta, increta and percreta, each potentially conferring 
profound risks to maternal health. Given the substantial uter-
ine blood flow to the typical placenta at term noted above, 
incomplete placental separation can lead to rapid maternal 
haemorrhage. Further, the relatively massive size of maternal 
vessels supporting the needs of the placenta makes caesare-
an hysterectomy increasingly challenging and surgically risky.

Placental Impacts on Maternal Health
Identification of disorders of placental implantation and 
location, such as placenta accreta spectrum (PAS) and 
placenta previa or low-lying placenta, is critical to optimizing 
maternal and neonatal wellbeing and reducing maternal 
mortality. The incidence of PAS disorders and placenta 
previa has increased in recent years due to factors such as 
the increased rates of caesarean delivery and, to a lesser 
degree, advanced maternal age.13 Ultrasound is critical 
to identify placental location in all gravidas, to inform 
pregnancy modifications, delivery timing, and delivery 
location in an adequately resourced environment. Given the 
potential for significant morbidities and maternal mortality 
from PAS disorders, those in whom PAS is suspected should 
deliver in an institution capable of performing the delivery, 
including the potential need for complex pelvic surgery and 
the ability to provide massive transfusion and intensive care 
services.14 To avoid the risks of haemorrhage and emergent 
surgery in the setting of haemorrhage, earlier delivery is 
recommended and facilities should be equipped to take 
care of a premature newborn. The Federation of Obstetric 
and Gynaecological Societies of India (FOGSI) recommends 
that those with PAS undergo delivery between 35+0 to 
36+6 weeks. (FOGSI) The U.S. National Institute of Child 
Health and Human Development (NICHD) recommends 
that gravidas with placenta previa and suspected placenta 
accreta undergo delivery between 34+0 and 35+6 weeks. It 
is estimated that PAS is not diagnosed in advance in one-half 
to two-thirds of cases.15,16

Readiness for haemorrhage is therefore essential. Uterine 
atony is the most frequent cause of postpartum haemorrhage 
overall, with potential for rapid bleeding even following 
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normal placental separation; the myometrium must contract 
to stop bleeding at the highly vascular placental bed. 
Because haemorrhage may arise both from this common 
mechanism and from unexpected surgical emergencies such 
as undiagnosed PAS, obstetric units should have processes 
and supports in place for managing these events, ensuring 
that the best possible team and resources are available to 
manage the patient safely.

Providers have an opportunity to prevent excess maternal 
morbidity and mortality simply by reducing the number 
of unnecessary cesarean deliveries. Caesarean deliveries 
have risen globally, more than tripling over the last three 
decades.17 That increase, coupled with an increase in 
placenta previa, has resulted in a significant increase in the 
prevalence of PAS.18 Reduction in caesarean deliveries will 
decrease the incidence of placenta previa and PAS disorders 
and their morbidities.

Placental Assessment and Intervention in Clinical 
Practice

In addition to ensuring maternal well-being, prenatal care 
serves, in large part, to screen for adequacy of placental 
function, on which foetal growth and development depend. 
Many of prenatal care’s core assessments target disorders 
that impede placental perfusion and development, or detect 
the downstream consequences of placental insufficiency, 
so that dysfunction can be identified and managed before 
it results in foetal compromise. These assessments include 
serial measurement of uterine size and maternal vital signs, 
surveillance for maternal disease, and non-invasive foetal 
screening using tools such as ultrasound and external foetal 
monitoring — each serving as an indirect window into 
placental adequacy, and helping to prevent stillbirth. Among 
gravidas with autoimmune disease, hypertensive disorders, 
diabetes, thrombophilias, and other medical conditions, 
intensified surveillance may reveal inadequate placental 
function. This is accomplished through serial sonographic 
measurement of foetal growth and amniotic fluid volume, 
umbilical artery doppler surveillance when foetal growth 
restriction is identified, external foetal monitoring, and 
biophysical profiles.19

Some interventions and modifications may improve placental 
function. For example, low dose aspirin (LDA) administration 
beginning early in the second trimester has been shown to 
reduce the risk of progression to preeclampsia among those 
at increased risk, perhaps by simply delaying the onset of 
preeclampsia.20 LDA is thought to act by improving EVT inva-
sion and deep placentation and reducing inflammatory path-
ways.21,22 The optimal dose and timing of LDA initiation remain 
debated. 23,24,25 Hydroxychloroquine use during pregnancy has 

been associated with roughly halved preeclampsia risk in a 
nationwide cohort of women with lupus 26 and with reduced 
risk in meta-analyses of women with autoimmune disorders 
27, though findings across individual cohorts are mixed.

Because active lupus at conception predicts adverse 
pregnancy outcomes, conceiving during a period of disease 
quiescence — ideally with disease controlled for 6, and 
preferably 12 months before conception — is recommended 
and is associated with lower rates of complications including 
preeclampsia.

The Placenta as a Window into the Future

Pregnancy complications related to placental dysfunction 
offer a clinically important preview of a patient’s future car-
diometabolic health. Preeclampsia is now recognized as a 
major cardiovascular risk factor. A meta-analysis of over 3.4 
million individuals found that those with a history of pre-
eclampsia had a 3.7-fold risk of chronic hypertension, a 2.2-
fold risk of ischaemic heart disease, a 1.8-fold risk of stroke, 
and a 1.5-fold risk of overall mortality within 10 to 15 years.28 
The magnitude of risk increases in a dose-dependent man-
ner by disease severity, with those who have had a diagnosis 
of severe preeclampsia having a relative risk of 5.4-fold of 
cardiac disease. Among those with recurrent preeclampsia 
or early-onset disease, the risk of cardiac disease is four to 
eight times higher.29 Whether preeclampsia directly damages 
the maternal cardiovascular system or unmasks a pre-exist-
ing genetic/epigenetic predisposition, or both, remains an 
area of active investigation.

Similarly, individuals with history of gestational diabetes 
mellitus (GDM) are at risk for development of metabolic dis-
ease in the future, with an approximately ten-fold higher risk 
of developing type 2 diabetes mellitus later in life.30 The ab-
solute risk of developing type 2 diabetes mellitus increases 
over time, approximately 20% within 10 years postpartum 
and up to 50–60% over a lifetime, and is further increased 
among those with multiple affected pregnancies. Individu-
als with a history of GDM also face a two-fold higher risk of 
cardiovascular disease, independent of subsequent type 2 
diabetes development.31 Rather than causing type 2 diabe-
tes outright, the stress test of pregnancy likely reflects and 
unmasks a preexisting predisposition.

The associations of preeclampsia and gestational diabetes 
with cardiovascular disease have prompted major professional 
societies to incorporate adverse pregnancy outcomes 
into cardiovascular risk assessment.32 The American Heart 
Association identifies hypertensive disorders of pregnancy 
as a major cardiovascular risk factor, and preeclampsia 
is designated a “risk enhancer” in the 2019 American 
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College of Cardiology/American Heart Association Primary 
Prevention guideline.33 ACOG recommends postpartum 
cardiovascular assessment for individuals with a history of 
hypertensive disorders of pregnancy, GDM, foetal growth 
restriction, or preterm birth34, and the American Diabetes 
Association recommends a 75-g oral glucose tolerance test 
at 4–12 weeks postpartum for individuals with GDM, with 
ongoing screening every one to three years thereafter.35 
Because many of these complications occur in younger 
individuals who may or may not routinely seek preventative 
care, a coordinated transition from obstetric to primary 
care is essential to improving long-term cardiovascular and 
metabolic health.

Conclusion

Pregnancy complications can act as a window to the future, 
often mediated through the placenta. Despite its transient 
function, the placenta can precipitate profound foetal, 
neonatal, and maternal consequences. Healthy placental 
function, typically established early in a pregnancy through 
control of underlying disease and adequate transformation 
of the deep spiral arteries, is central to maternal and 
neonatal wellbeing and key to most obstetric syndromes and 
complications.

Pregnancy well-being can be modified through placental 
surveillance during routine prenatal care and tests, as 
well as by ensuring pregnancy at a time of quiescence of 
autoimmune disease and prophylactic medical treatment. 
Maternal and neonatal outcomes can be modified by 
specifying delivery timing and location when indicated. 
Reduction in unnecessary cesarean deliveries is also central 
to reducing maternal morbidities related to placenta in the 
present and future. Finally, it is important that providers, 
especially outside the field of obstetrics, work to improve 
women’s health by treating preeclampsia and gestational 
diabetes as cardiovascular risk factors throughout one’s 
lifetime.
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