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Placental origins of neonatal diseases: toward a precision
medicine approach
Imran N. Mir1, Rachel Leon1 and Lina F. Chalak1

The placenta is the single most reliable source for precise information on intrauterine environment, as well as maternal and fetal
health. It mediates the physiology of two distinct yet highly interconnected individuals. The pathology that develops in the
placenta, and the adaptations the placenta undergoes to mitigate this pathology, may influence the later life health of the mother
and baby. Pathological placental examination provides a unique opportunity to explore and understand the intrauterine
environment, as well as providing a record of events that may be associated with adverse pregnancy outcomes. A number of
placental lesions have been described in association with various neonatal morbidities. The purpose of this review is to summarize
the evidence for the association of placental pathologic lesions with neurodevelopmental outcomes infants with specific neonatal
morbidities, including (1) neonatal encephalopathy, (2) bronchopulmonary dysplasia, (3) congenital heart diseases, and (4) autism
spectrum disorders. For each of these disease processes, we will also propose specific research priorities in future studies. We
conclude with a hospital-specific protocol for triaging which placentas should receive histological evaluation as a fundamental first
step for the field of neuroplacentology to guide precision-based therapeutic approaches in the affected newborns.
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IMPACT:

● The purpose of this review is to summarize the evidence for placental origins of neonatal diseases.
● We propose specific research priorities in the field of neuroplacentology in future studies.
● We also present a targeted hospital-based approach for triaging which placentas should receive histological evaluation.

INTRODUCTION
The placenta is a unique organ that sits at the fetal–maternal
interface. It is the sole source of nutrition and oxygen for the fetus,
the barrier against teratogenic or other potential insults, and the
provider of a record that reflects the intrauterine environment.1,2

Perhaps the most distinctive feature of the placenta is our ability to
study and examine it in its entirety after delivery. However,
pathological examination of the placenta has traditionally been an
under-utilized aspect of perinatal medicine, even though the
specimen is readily available and the costs of routine pathological
examination are moderate.3,4 The Stillbirth Collaborative Research
Network dramatically demonstrated the overwhelming importance
of placental examination in the investigation of stillbirth, far
surpassing any other test in usefulness.5 The usefulness of each
test was as follows: placental pathology 64.6% (95% confidence
interval [CI] 57.9–72.0), fetal autopsy 42.4% (95% CI 36.9–48.4),
genetic testing 11.9% (95% CI 9.1–15.3), testing for antiphospholipid
antibodies 11.1% (95% CI 8.4–14.4), fetal–maternal hemorrhage
6.4% (95% CI 4.4–9.1), glucose screen 1.6% (95% CI 0.7–3.1),
parvovirus 0.4% (95% CI 0.0–1.4), and syphilis 0.2% (95% CI 0.0–1.1).5

It is also becoming increasingly clear that impaired placental
functioning can have major implications for the live-born infant.
Awareness among pediatricians, however, of the benefit of
placental findings for neonatal care is limited. In our opinion, this
is a missed opportunity. Information on placental lesions can often

be helpful towards explaining an abnormal neonatal outcome and
might have consequences for treatment.6

This article aims to provide a review of the literature looking at
the relation between placental lesions and neurodevelopmental
outcomes infants with specific neonatal in morbidities, including
(1) neonatal encephalopathy (NE), (2) bronchopulmonary dyspla-
sia (BPD), (3) congenital heart diseases (CHDs), and (4) autism
spectrum disorders (ASDs).

NE IN TERM AND NEAR TERM NEONATES
NE, resulting from hypoxic–ischemic encephalopathy (HIE), is a
fetal disorder due to prenatal hypoxia–asphyxia. It is an important
cause of neonatal brain injury, occurs in 1–3 per 1000 term births,7

and is responsible for 23% of neonatal deaths worldwide.8

Survivors of NE are at risk for life-long neurodevelopmental
disabilities, such as cerebral palsy (CP), cognitive impairment,
hearing disabilities, and cortical vision disabilities.9–11 The complex
causal pathways underlying NE are poorly understood.12 Potential
contributing factors include antenatal conditions such as
advanced maternal age, infertility treatment, intrauterine growth
restriction, and maternal hypertension, as well as intrapartum
complications, such as maternal infection and sentinel events (e.g.,
placental abruption, uterine rupture).13–19 A better understanding
of the timing and pathophysiology underlying NE could inform
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new strategies to prevent this condition and could help tailor
specific therapies to subsets of infants with NE.
Placental gas exchange and nutrient delivery are vital to the

health of the fetus both during fetal development and during the
labor and delivery process. Therefore, placental abnormalities may
confer susceptibility to NE and asphyxial brain injury. Epidemio-
logical studies have shown that placental pathology is associated
with NE, and when present, it doubles the risk of NE.20 Several
placental findings have been reported in term infants diagnosed
with NE, including acute histologic chorioamnionitis,21,22 placental
vascular abnormalities or infarction,23–25 and chronic villitis of
unknown origin.22,26

Acute histologic chorioamnionitis
In earlier studies of infants with NE, acute chorioamnionitis with
fetal inflammatory response was found in nearly one-third of the
cohort (n= 93), whereas, only 5% of term controls showed similar
histopathology (n= 816).27 Subsequent reports27 have also
associated severe chorioamnionitis with funisitis with NE, espe-
cially if fetal thrombotic vasculopathy was also present.23,28 In our
own study of 86,274 neonates, published in 2015, we found a total
of 120 with perinatal acidosis and NE, the severity of which was
associated with acute histologic chorioamnionitis with or without
fetal inflammatory response.22 Similar results were reported by
Owen et al. in a population-based study,29 where chorioamnionitis
was found to be more prevalent in those with CP who had NE as
newborns, compared with those with CP who had not manifested
NE. Others have shown that high rates of placental inflammation
are often found in infants with apparent perinatal asphyxia.21,26

Chronic villitis
One major contributor of NE is chronic villitis, which is commonly
considered a non-infectious inflammatory process. This entity is
defined by chronic inflammatory T cells of maternal origin.30 In the
majority of placental pathologic specimens, no infective organism
is recognized and the condition is known as villitis of unknown
etiology (VUE). VUE is thought to arise from a breakdown in the
maternal tolerance for the foreign fetoplacental cells and is
observed in approximately 10% of term placentas.30 High-grade
VUE is a risk factor for NE in many recent studies.26–28 VUE is
also associated with brain lesions that are commonly attributed
to asphyxial birth events,26 as well as a multitude of other
morbidities, including fetal growth restriction, nonreassuring fetal
heart rate patterns, need for emergent surgical delivery, severe
acidosis in the absence of a sentinel event, CP, and even
intrauterine fetal demise.31 We have also noted that diffuse/
patchy chronic villitis (high-grade villitis) is associated with
abnormal neurodevelopmental outcome following hypothermia
treatment in neonates with moderate-to-severe NE22 (Table 1).
Findings from our studies22 and others21 suggest that cooling
is less likely to improve neurodevelopmental outcomes in
neonates with inflammatory placental lesions and/or thrombotic
vasculopathy.

Summary and future directions
Placental lesions are common in NE, suggesting that clinical HIE
is, in many cases, associated with inflammation with or without
antenatal infection and/or thrombotic vasculopathy.32 Therapeu-
tic hypothermia was designed as an intervention for acute
perinatal asphyxia. It is highly likely that infants with inflamma-
tion of the placental and/or thrombotic vasculopathy and NE
represent a subgroup of vulnerable infants less likely to benefit
from hypothermia.33 Neuroprotective medications under inves-
tigation, including erythropoietin and melatonin, have strong
anti-inflammatory properties, which may contribute to their
efficacy.34 Evidence of maternal and/or placental inflammation
with or without infection will be important in determining their
anti-inflammatory potential and in elucidating a possible
mechanism for their therapeutic effect. Furthermore, in animal
models, new treatments, including growth factors, neurosteroids,
and specific anti-inflammatory medications, ought to be
assessed in current experimental models of hypoxia and/or
ischemia that mimic human NE. Animal models of inflammation
combined with hypoxic injury35 are likely to better reproduce the
complexity of human NE.
In the future, human trials of therapeutic hypothermia plus

neuroprotective medications should include placental histology,
molecular markers of placental infection, and bacterial culture
data, as well as maternal history. These data would be useful to
test the hypothesis that severe inflammation of the placenta with
fetal inflammatory response is associated with NE and should be
considered for secondary analyses of those trials. This would
facilitate determination of infectious vs. non-infectious inflamma-
tion as contributors to NE. Placental pathology may play a key role
in determining which infants are most likely to benefit from
cooling. Specifically, placental lesions with evidence of fetal
inflammatory response (e.g., funisitis and vasculitis) are known
to be highly associated with NE and may provide targets for future
cooling-plus trials. Development of rapid point of care placental
pathology reporting will be essential to facilitate therapeutic
decision-making in a timely manner.

BPD IN PRETERM INFANTS
BPD occurs in an estimated 45% of infants born at <29 weeks
gestational age (GA), making it the most common respiratory
morbidity in surviving extremely low birth weight infants
(ELGANs).36 Those with BPD are at risk for significant morbidities,
including neurodevelopmental impairment, chronic cardiopul-
monary disease, growth failure, deficits of hearing and vision, and
shortened lifespan.37 Risk factors for BPD are numerous and
include fetal growth restriction, lack of exposure to antenatal
steroids, histopathologic evidence of chorioamnionitis, sepsis,
prolonged need for mechanical ventilation and supplemental
oxygen, and male sex, as well as GA and birth weight.37 Placental
pathology is associated with morbidities and mortality in preterm
infants, but there is conflicting evidence regarding the association

Table 1. Placental pathology and relationship to neurodevelopmental outcome at 24 months of age in infants who received hypothermia treatment.

Normal NDO (n= 33) Abnormal NDO (n= 40) Odds ratio (95% CI) P valuea

Major placental pathology 22 (66.7) 35 (87.5) 3.50 (1.07, 11.44) 0.032

Patchy/diffuse chronic villitis 1 (3.0) 12 (30.0) 9.29 (1.11, 77.73) 0.014

Chorioamnionitis 21 (63.6) 26 (65.0) 0.94 (0.36, 2.47) 0.904

Chorioamnionitis+ fetal response 18 (55.0) 14 (35.0) 2.23 (0.87, 5.73) 0.094

Values in parenthesis are the percentage of values.
NDO neurodevelopmental outcome.
aData analyzed by χ2.
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between specific placental lesions and BPD.38–41 Studies in this
field have many limitations such as small sample size and varying
definitions of placental pathologies. This results in heterogeneous
classifications of placental pathology and complicates interpreta-
tion. One of the most common placental findings associated with
a neonatal outcome is that between acute histologic chorioam-
nionitis and BPD.

Maternal vascular malperfusion (MVM)
MVM has also been reported to be associated with BPD and
pulmonary artery hypertension in extremely preterm infants.42–44

In one recent studying using the Redline classification of
placental pathology, Mestan et al.44 showed that MVM was
associated with BPD and pulmonary arterial hypertension (PAH)
in a large cohort of preterm infants. They conducted a 5-year
retrospective study of premature infants born at ≤28 weeks
gestation. Among 283 births, 121 had MVM, of which 67 (55%)
developed BPD and 24 (20%) had PAH. Among the common
neonatal complications of extreme prematurity, BPD was the
only outcome that was increased with MVM (P < 0.001). After
adjustment for birth weight, fetal growth restriction, preeclamp-
sia, and other factors, infants with MVU were more likely to
develop BPD (adjusted odds ratio (OR)= 2.6; 95% CI= 1.4, 4.8).
Certain MVU sublesions (fibrinoid necrosis/acute atherosis and
distal villous hypoplasia/small terminal villi) were increased with
pulmonary hypertension (PH; P < 0.001).44–46 There is evidence
from animal studies that fetal stressors that adversely affect
pulmonary vascular growth, such as in utero hypoxia–ischemia,
may have important contributions in later onset neonatal chronic
lung disease. An important example of this is the sheep model of
chronic fetal hypoxia, in which Rozance et al.47 have shown that
uteroplacental insufficiency leads to the classic histologic lung
findings of BPD (e.g., disrupted alveolar development and
pulmonary vascular remodeling). Interestingly, the pulmonary
vascular components of their model closely resemble the
placental histologic description of MVM.47

Multiple placental pathologies
Complex placental histopathology (e.g., multiple lesions and/or
pathologies) and their association with neonatal morbidities have
not been studied extensively. In one study, multiple placental
pathologic lesions were associated with idiopathic intrauterine
growth retardation.48 Our group categorized placental lesions into
none, 1, or ≥2 (multiple lesions) and reported for the first time the
number of placental pathologic lesions with the BPD and/or death
in extremely preterm infants.49 Acute chorioamnionitis was the
most common pathologic lesion, occurring in nearly half of this
cohort of neonates, with fetal vasculitis occurring in one-third.
MVM was present in 20% of the study population. Large numbers
of placentas were small for GA (SGA; 20%). Sixteen percent of the
placentas were large for GA (LGA), and 77% of them showed
histological signs of chorioamnionitis. In infants with multiple
placental pathologic lesions (34%), the most common combina-
tion was that of LGA+ chorioamnionitis [n= 30, 12%], followed by
SGA+ chorioamnionitis [n= 15, 6%] and MVM+ chorioamnionitis
[n= 11, 5%] (Fig. 1). The presence of multiple lesions was
significantly associated with subsequent death and/or the
occurrence of BPD. After controlling for confounding factors, the
association with the presence of moderate–severe BPD (OR: 3.9;
95% CI: 1.5–10; P < 0.01) remained significant. The association of
BPD with multiple placental lesions may suggest that there are
additive effects between vascular and inflammatory processes,
which contribute to the development of BPD. Therefore, we
propose that multiple placental insults occurring throughout
pregnancy impart a greater risk of developing of BPD than
isolated events.

Future directions
The high morbidity and mortality of BPD-PH in the preterm
population warrant concerted efforts in identification of ther-
apeutic options. The presence of various placental pathologies
such as MVM, fetal thrombotic vasculopathy, chronic villitis, villous
edema, and acute chorioamnionitis should be included in future

SGA—48

No pathology—59

FC—78

HGV—8

LGA—39

VE—3

FTV—18

MC—119

MVU—48

Fig. 1 Venn diagram showing complexity of placental lesions (overlapping lesions). MC chorioamnionitis without fetal vasculitis, FC
chorioamnionitis with fetal vasculitis, MVU maternal vascular underperfusion, FTV fetal thrombotic vasculopathy, HGV high-grade villitis, VE
villous edema, SGA small for gestational age placenta, LGA large for gestational age placenta. The most common pathological lesion in the
placentas in our patient population was histological acute chorioamnionitis (n= 119, 49%) and maternal vascular underperfusion (including
SGA placentas) (n= 96, 40%). The most common complex placental pathological lesions (multiple lesions) were a combination of histological
acute chorioamnionitis with LGA placentas (n= 30, 12%), followed by histological acute chorioamnionitis with SGA placentas (n= 15, 6%) and
acute chorioamnionitis with MVU (n= 11, 5%). Chronic villitis and villous edema is seen in very small percentage of placentas (<5%).
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predictive models of BPD. Preclinical and prospective clinical
studies should be used to determine the impact of placental
lesions and their role in development of neonatal morbidities,
including BPD.

ASDS IN PRETERM INFANTS
Children born significantly preterm are at greater risk of ASDs.50–54

The prevalence of ASD in children born <29 weeks GA (ELGANs) is
7.1% relative to the 1.5% risk of ASD in the general U.S.
population.54,55 The risk of ASD decreases with increasing
GA,54,56 from 15.0% for 23–24 weeks, 6.5% for 25–26 weeks, to
3.4% for 27 weeks GA.54 Low GA is a marker of the immaturity and
vulnerability of the central nervous system, as well as other
physiological systems, that function to protect the developing
brain and, when perturbed, put the developing fetus at risk.57–59

Thus the exposures that promote preterm birth might also
promote ASD. Preterm delivery is often induced by maternal–fetal
infection/inflammation.60–62 Early parturition by aberrant inflam-
mation has a role in linking maternal–fetal infection/inflammation
and preterm birth. In addition to driving preterm birth, exposure
to maternal–fetal infection/inflammation is also a leading factor in
the presence and severity of brain injury/neurodevelopmental
disturbance in the infant.63–65

Changes in placental histology may impact placental function and
fetal outcomes.66,67 As such, the placenta is uniquely positioned to
directly influence fetal programming. Importantly, sex-specific
vulnerabilities in the ability of the placenta to respond to insults
may explain why the preponderance of ASD cases are male.68

However, the placenta remains an underutilized source of informa-
tion about exposures during pregnancy. Interestingly, many of the
known risk factors for ASD are associated with evidence of placental
inflammation or placental histopathology. For example, preterm
birth, maternal obesity, elevated cytokines in amniotic fluid, pre-
gestational diabetes, and maternal infection during pregnancy are
all risk factors for ASD that are also associated with placental
inflammation or other placental histopathology.69–75

Histologic chorioamnionitis and MVM
In a recent matched case–control study with 55 cases of ASD and
99 matched controls, it was reported that histologic evidence of
placental inflammatory lesions, as well as MVM pathology, was
associated with increased risk of ASD.76 In another study, it was
noted that placentas of children with ASD had a 40% reduction in
chorionic surface vascular branch points, with 2 fewer branch
generations and diminished expansion of the surface vessels to
the chorionic plate border.77 However, these reports were limited
to infants born term and near term. In a recent study,78 the
authors explored the relationship of placental pathology with the
incidence of ASD in preterm infants. They noted that histological
chorioamnionitis and preterm birth increased the odds of ASD.

Multiple placental pathologic lesions
ASD is ~7-fold more prevalent in extremely preterm infants when
compared to the general population.54 The association between
increased risk of ASD and lower GA is independent of
neurodevelopmental impairments.54 In a recently published
matched case–control study,79 we explored the relationship
between placental pathologic lesions and ASD in preterm infants
≤28 weeks GA. The major result of the study was that children
with ASD had a twofold greater incidence of multiple placental
pathologies as compared to matched controls [11/16 (69%) vs.16/
48 (33%), respectively; P= 0.01].79 Particularly, the combination of
acute chorioamnionitis with fetal vasculitis and LGA placentas was
associated with the future diagnosis of ASD in this distinctive
patient population. However, single placental pathologies were
not associated with ASD [5/16 (31%) vs. 21/48 (43%), respectively;
P= 0.1].79

Changes in placental histopathology may increase the risk of ASD
via different pathways, depending on the timing of exposure. For
example, chronic placental inflammatory processes that manifest
early in pregnancy may alter placental angiogenesis and may have
downstream effects on fetal angiogenesis and neurogenesis.80

Chronic inflammation affects angiogenesis, which is a process that is
associated with pregnancy complications.81 Alternatively, it is
possible that placental pathologies that manifest during the third
trimester or close to the time of delivery may have direct effects on
the rapidly developing fetal brain by altering cytokine flux and
distribution.82–84 These examples suggest that the type of placental
histopathology present at the time of delivery broadly reflects the
timing (i.e., GA) of the exposure during pregnancy.85

Summary and future directions
Recent data suggest that placental pathology findings may be
valuable for identifying newborns at high risk of developing ASD
and could potentially shed light on intrauterine risk factors
increasing the risk of ASD in preterm infants. Future clinical and
mechanistic studies should be designed to provide further insight
and inform clinical risk assessment and prevention strategies for
reducing ASD among high-risk children.

CHD AND STROKE
Now that survival from CHD has increased significantly with
advanced surgical techniques and medical care, a new focus has
been placed on optimizing neurologic outcomes.86 Currently,
survivors of CHD have a 75% risk of experiencing developmental
delay.87 Severe forms of CHD impart multiple potential causative
factors for developmental problems: prolonged postnatal hypoxia
while awaiting surgical repair, cardiopulmonary bypass, postnatal
recovery with its complications, etc. However, prenatal imaging
demonstrates brain growth disturbance in fetal CHD as early as
the second trimester,88 as well as delayed brain maturation and
white matter abnormalities, among others.89 There is new growing
evidence that placental function is abnormal in pregnancies
complicated by fetal CHD with reduced oxygen saturation in the
umbilical vein in fetal CHD measured using phase-contrast
magnetic resonance imaging (MRI) and T2 mapping90 and
differences in blood-oxygen-level-dependent signal MRI,91 as well
as a larger size for a given fetal weight than controls.92 Emerging
evidence is linking abnormal placental hemodynamics with the
smaller brain size and delayed brain maturation in fetuses with
CHD.90

Placental pathologic lesions
Histologic studies demonstrate the microstructural abnormalities
that likely contribute to the impaired hemodynamic function of
the placenta in these pregnancies. Common lesions reported in
CHD placentas include thrombosis, infarction, chorangiosis, and
hypomature villi.93 Placental histology in neonates with hypoplas-
tic left heart syndrome (HLHS) demonstrates villous hypomaturity
with increased syncytial nuclear aggregates, indicating failed
branching of the villous tree, as well as decreased terminal villi.
Increased leptin expression in the HLHS placenta is thought to be
an attempt to compensate for the vascular immaturity. Leptin is
produced by the placenta as a pro-angiogenic hormone with
levels directly correlating with placental weight.94 Likewise, in
placentas from fetuses with transposition of the great arteries
there are higher rates of chorangiosis and villous hypomaturity
compared to other forms of CHD.95 Coupled with imaging findings
of larger placenta for a given fetal size, these results indicate a
phenotype of placental inefficiency.
Similarly, placental pathology could provide a link in the causal

pathway of perinatal stroke (with or without an associated cardiac
defect). A recent systematic review of ten studies reported that
placental abnormalities were more common among children with
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perinatal stroke than in the control population with thromboin-
flammatory process representing the most frequent abnormal-
ity.96 However, the results should be interpreted cautiously
considering the low frequency of placental examination and lack
of uniform pathology reporting.

Summary and future directions
Evidence is accumulating that the placenta in fetal CHD differs
from normal in both its structure and function. The data linking
the placenta and fetal brain development in CHD are abundant.
However, many obstacles still exist in further defining this link.
Given the infrequency of the severe forms of CHD, most studies
on placental pathology in CHD necessitate grouping of CHD
subtypes, which complicates efforts to develop a deeper under-
standing of placental maladaptation. In addition, placental
pathologic examination is not routinely performed in pregnancies
complicated by fetal CHD. The first priority is to develop robust
protocols to examine placentas from pregnancies complicated by
fetal CHD along with larger, multisite data-sharing consortiums to
enhance sample sizes of specific cardiac lesions for future
investigations. Lastly, the timing of brain dysmaturation in fetuses
with CHD requires further study. We should consider more careful
imaging assessment of brain and placenta by MRI in severe forms
of fetal CHD. Evaluation of placental growth by MRI for
comparison to published normative data may prove useful.97

Closer and more sophisticated monitoring would improve our
understanding of when potential placental interventions may
need to be implemented to impact neurodevelopment.

A TARGETED HOSPITAL-BASED APPROACH FOR PLACENTAL
PATHOLOGIC EXAMINATION
Taken together, data presented in this review stress the need for
precision in diagnostic criteria, terminology, and stratification of
placental abnormalities, as well as standardized collection. At
Parkland Hospital, a large county hospital with ~14,000 births/year,
we have developed a protocol for triaging which placentas should
receive histological evaluation. Several obstetric and fetal conditions
had been identified at our hospital as warranting the attendance at
delivery of a specialized pediatric resuscitation team. These same
high-risk deliveries receive routine histological examination of the
placenta. These deliveries included: (1) fetuses <36 weeks gestation,
(2) estimated fetal weight <2000 g, (3) emergency forceps, (4) thick
meconium, (5) nonreassuring fetal heart rate, (6) fetuses of insulin-
dependent diabetic mothers, (7) presence of life-threatening fetal
anomalies, (8) fetal hydrops, (9) diagnosis of chorioamnionitis with
meconium and fetal heart rate abnormalities, (10) infant depression
at birth requiring bag mask ventilation for >15 s, and (11) any other
situation that the obstetrician determined to warrant the resuscita-
tion team. We follow the systematic classification for harmonization
of reporting.98

CONCLUSIONS
This review emphasizes the need of placental collection and
evaluation for all clinical trials on perinatal brain injury. In addition
to insights from histopathology, proteomic and epigenetic
analyses of placenta may be especially useful for assessing the
impact of injury in the developing brain. An effort to retain the
placenta for future histological, biochemical, and molecular
analyses should be considered. However, such implementation
and change in practice comes with challenges. For placental
pathology to truly enter the domain of precision medicine,
histological information or molecular biomarkers will need to be
rapidly available, with information gathered in real time to
facilitate diagnosis and urgent treatment.99

We hope that the review will stimulate future clinical and
mechanistic studies, which may provide further insight and inform

clinical risk assessment and prevention strategies for reducing
long-term neurodevelopmental sequela among high-risk children.
It is important to note that, while placental lesions until this point
have been considered individually, the concurrent finding of
multiple independent placental lesions could be one of the
strongest demonstrated associations with adverse neurologic
outcomes.23,28 In addition, the severity and timing of the different
lesions are important. The synergistic effect of multiple placental
lesions is maximal when they are severe and develop at different
times.23 One final important caveat: while many correlations
between placental lesions and adverse neonatal outcomes have
been outlined in this review, to make the jump to causation one
must carefully consider and synthesize (1) the clinical scenario,
including the presence or absence of a sentinel event; (2) the
nature of the lesion(s) identified; and (3) the severity and/or
multiplicity of the lesions. Despite these challenges, it is clear that
perinatal, childhood, and long-term neurodevelopmental out-
comes are linked with placental histology across the spectrum of
perinatal brain injury.
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