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The placenta is one of the least understood of human organs and 
arguably one of the most important, not only for the health of a woman 
and her fetus during pregnancy, but also for the lifelong health of both.

Functionally, the placenta is the interface between mother and fetus 
during the earliest period of human development, and thus plays a critical 
role influencing the fundamental processes of organogenesis. 

It is the only human organ than can be grown as new, discarded, then de 
novo grown again.

The placenta also has a critical role in “programming” of human health, 
well beyond the fetal and neonatal periods of life, a phenomenon now 
recognized as the fetal origins or “Barker” hypothesis. 







Small for gestational age was observed among 15.2% of case subjects 
and among only 7.8% of control subjects. 

Increased risk of FGR



There was a higher risk of spontaneous PTB for newborns with CHD. 

Associations of CHD with chromosomal or other congenital anomalies explained only 

a small part of the higher risk of PTB for newborns with CHD.



Population-level analysis of live 

births, 1989-2012, for the entire 

province of Quebec. All women 

who delivered an infant with or 

without heart defects in any 

Quebec hospital were included 

(N = 1,942,072 neonates).

The absolute prevalence of 

congenital heart defects was higher 

for infants of women with 

preeclampsia than those without it.



Information on all births registered in the Medical Birth Registry of 
Norway, 1994–2009. 

Among 914,703 singleton births without chromosomal abnormalities, 
32,864 (3.6%) were born after a pregnancy with preeclampsia. 

When adjusting for year of birth, maternal age, parity, and gestational 
diabetes, the risk ratio (RR) for severe CHD in offspring of mothers with 
any preeclampsia was 1.3 [95% (CI) 1.1, 1.5], and in pregnancies with 
early-onset preeclampsia, the RR was 2.8 (95% CI 1.8, 4.4). 



Placental weight was lower for a given gestational age in newborns 
with CHD. 

Some types of CHD were associated with markedly smaller placental 
weights, including TOF, DORV, and major VSDs.

Lower placental weight was associated with a decrease in both overall 
growth and cerebral growth in fetuses with all types of CHD.



0.05

0.07

0.09

0.11

0.13

0.15

0.17

0.19

0.21

0.23

0.25

0.27

0.29

36 37 38 39 40 41 42

P
/B

 W
t

R
a

ti
o

Gestational Age (wks)

Normal data derived from: Almog, et al. Placenta 2011;32:58-62

Characterization of the Placenta in Congenital Heart Disease: 
Are There Distinctions Based on Type of Cardiac Anomaly?

Jack Rychik, MD, Donna Goff, MD, Eileen McKay, MD, Antonio Mott, MD, Zhiyun Tian, 

MD, RDM, Daniel J. Licht, MD, J. William Gaynor, MD

Placental Weight-to-Birth Weight Ratio 



Placental Thrombosis and Infarction

Characterization of the Placenta in Congenital Heart Disease: 
Are There Distinctions Based on Type of Cardiac Anomaly?
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Placental thrombosis was evident in 41% of cases, with placental 
infarction seen in 17%.





Decreased VEGF 
Expression



Xenobiotics are chemicals to which an organism is exposed that are 
extrinsic to the normal metabolism of that organism.

The fetus is potentially vulnerable to xenobiotics that cross the 
placental barrier, which either cause direct damage to the fetus, or 
indirectly affect embryo development by interfering with normal 
placental function.



Until a few decades ago, the popular but falsely reassuring belief was that 
babies in the womb were perfectly protected by the placenta and that 
children were just “little adults,” requiring no special protections from 
environmental threats. We now know that a host of chemicals, pollutants 
and viruses readily travel across the placenta from mother to fetus, pre-
polluting or pre-infecting a baby even before birth.

Toxic chemicals like lead, certain air pollutants, pesticides, synthetic 
chemicals and infectious agents like Zika can derail the intricate molecular 
processes involved in a fetus’s healthy brain development. So can physical 
and social stress experienced by the mother.



The multi-hit hypothesis: the brain may readily compensate for the effects 
of an individual chemical itself acting on a particular target system, …

… but when multiple target or functional sites are attacked by 
different mechanisms (i.e., multiple chemical exposures or chemical 
exposures combined with other risk factors), homeostatic capabilities 
may be restricted, thereby leading to sustained or cumulative damage.



The revised risk assessment relied on evidence of “neurodevelopmental 
effects in fetuses and children resulting from chlorpyrifos exposure” and 
drew on studies showing increased risk of delays in mental 
development, intelligence loss, attention problems and autism 
spectrum disorder in children who were exposed to organophosphates, 
the class of pesticides to which chlorpyrifos belongs.



Our findings indicate that prenatal chlorpyrifos exposure, at levels 
observed with routine (non-occupational) use and below the 
threshold for any signs of acute exposure, has a  measureable 
effect on brain structure in a sample of 40 children 5.9–11.2 y of age. 

…. found significant abnormalities in morphological measures of the 

cerebral surface associated with higher prenatal chlorpyrifos exposure, 

after adjusting for possible confounders.





Nicotine is extremely harmful to the developing fetus through many 
different mechanisms, and the harms increase with later gestational age 
at exposure. 

Pregnancies complicated by maternal nicotine use are more likely to 
have significant adverse outcomes. 

Nicotine-exposed children tend to have several health problems 
throughout their lives, including impaired function of the endocrine, 
reproductive, respiratory, cardiovascular, and neurologic systems. 

Poor academic performance and significant behavioral disruptions are 
also common, including ADHD, aggressive behaviors, and future 
substance abuse.



Prenatal Exposure to Environmental Contaminants and 
Neurobehavioral Outcomes in Newborns with CHD

Objective: 
To determine if prenatal exposure to environmental contaminants (tobacco smoke, 

lead, mercury, phthalates, phenols, and pesticides), is associated with worse 

neurobehavioral outcomes after cardiac surgery.

Study Interventions and Measures:
In-utero environmental exposures (tobacco, lead, mercury, phthalates, phenols, 

and pesticides) assessed by maternal and infant blood and urine, exposure 

questionnaire

Neurodevelopmental evaluation at 18 months of age using the BSID-III 

[Cognitive Composite, Language Composite, Motor Composite] at 18 months of 

age.

Study Status:
Enrollment began in September, 2011 and was closed in July, 2015. 140 mothers 

and newborns enrolled. The 18 month evaluation was completed in 110  infants.
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Maternal Tobacco Exposure

Tobacco exposure was confirmed by levels of nicotine or 
cotinine > LOD in 13/140 (9.3%) of mothers.

An additional 6 mothers reported tobacco exposure 
during the pregnancy.

Overall, there was evidence of tobacco exposure during 
pregnancy in 19 mothers (13.6%).



Impact of Impaired MFE on Outcomes: CHOP Data (n=135)

An impaired MFE was considered to be present if one or more of the 
following occurred:

– Gestational hypertension defined as 2 blood pressure measurements of 

> 140/90 mmHg at least 4 hours apart at > 20 weeks gestational age. 

– Preeclampsia (PE) defined as gestational hypertension with proteinuria 

or end-organ injury (liver, kidney). 

– Fetal growth restriction (FGR) defined as birthweight below the 10th

percentile for gestational age.

– Preterm birth (PTB) defined as birth prior to 37 weeks gestational age.



Umbilical artery pulsatility index was higher for fetuses with an impaired 
MFE, (1.21 vs. 1.03, p=0.012) consistent with increased placental 
vascular resistance and possible altered perfusion. 

Placental weight was lower for babies with an impaired MFE compared to 
those without evidence of an impaired MFE, (425 vs. 460 gm, p=0.048).

Placenta and Impaired MFE



For the entire cohort, survival at 36 months was greater for those 
without an impaired MFE (96% vs. 68%, p=0.0002) by log-rank test.

Impact of Impaired MFE on Outcomes: CHOP Data

Status for All Patients (n=135)
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Impact of Impact of Maternal Tobacco Exposure

Maternal tobacco exposure (assessed by blood levels of nicotine and 
cotinine) was associated with an increased occurrence of impaired 
MFE, p < 0.01. 

Impaired MFE by Tobacco Exposure



Impaired Maternal/Fetal Environment Leads to 
Adverse Outcomes
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Singleton-bearing ewes were evenly 

allocated to receive Ad.VEGF-A165 (5 3 

1010 particles/ml, 10 ml, n = 17) or saline 

(10 ml, n = 16) injected into each UtA at 

laparotomy (0.6 gestation).

At delivery, gestation length (P=0.07), 

lamb birthweight (P=0.08), umbilical

girth (P=0.06), and plasma glucose 

(P=0.09) tended to be greater in 

Ad.VEGF-A165-treated lambs. 

Absolute postnatal growth rate (P= 0.02), 

and weight at necropsy (P=0.04) were 

increased by Ad.VEGF-A165 treatment.




