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DISCLOSURES
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~34%

~10%

~56%

Environment
Teratogens

Intrauterine infection

Genetics
Aneuploidy ~13%

CNV ~10%
De novo SNVs ~10%

Unknown
??

Epigenetics
Gene-environment

ORIGINS OF CONGENITAL HEART DISEASE



ORIGINS OF CONGENITAL HEART DISEASE



THE BARKER HYPOTHESIS

“FETAL ORIGINS OF DISEASE”

Intrauterine growth restriction associated with increased risk 
of adult-onset hypertension and cardiovascular disease



Embryonic folding

Primitive heart tube

Folding

Muscular septa, 
AV valves

Outflow 
tracts

Heart starts to beat

Semilunar valves

Courtney JA, et al. Front Physiol. 2018 

SHARED PLACENTAL AND CARDIAC DEVELOPMENT

Week 4

NOTCH

WNT

VEGF



THE PLACENTA-HEART AXIS

Zhang S, et al. Front Cardiovasc Med. 2022

Al Darwish F, et al. Cells. 2023



THE PLACENTA-HEART AXIS

Rychik J, et al. Pediatr Cardiol. 2018

Umbilical cord abnormalities

Infarcts 

Villous hypoxic injury

Abnormal villous maturation

Josowitz R, et al. Neoreviews. 2023

Llurba E, et al. Eur Heart J. 2014



THE PLACENTA-HEART AXIS



PLACENTAL PATHOLOGY IN CHD

➢ Maternal Vascular 
Malperfusion (MVM)

➢ Fetal Vascular Malperfusion 
(FVM)

➢ Delayed Villous Maturation 
(DVM)

➢ Maternal and Fetal 
Inflammation

Image courtesy of Rebecca Linn, MD
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PLACENTAL PATHOLOGY IN CHD

➢ Maternal Vascular 
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ASSESSING THE PLACENTA IN UTERO
TRADITIONAL DOPPLER INDICES

Josowitz R, et al. Neoreviews. 2023



ASSESSING THE PLACENTA IN UTERO
UMBILICAL VENOUS VOLUME FLOW

Umbilical vein 
blood flow

Umbilical vein flow = cross sectional area x mean velocity x 60 Barbieri M, et al. J Clin Ultrasound. 2023

Josowitz R, et al. JACC:Adv. 2025



ASSESSING THE PLACENTA IN UTERO
FETAL MRI

Sun L, et al. Ultrasound Obstet Gynecol. 2021



IMPAIRED GROWTH IN CHD

Josowitz R, et al. JACC:Adv. 2025

Llurba E, et al. Eur Heart J. 2014

Andescavage N, et al. Placenta. 2015

A role for abnormal placental development?

Impaired placental development acts in 
synergy with CHD to impair fetal growth



IMPAIRED BRAIN GROWTH AND INCREASED 
WHITE MATTER INJURY IN CHD

A role for abnormal placental development?

Licht DJ, et al. J Am Heart Assoc. 2023

Gestational diabetes
Gestational 
hypertension
Preeclampsia
Exposure to tobacco
Hypothyroidism
“Other” complications 
of pregnancy

Omann C, et al. Eur Heart J Open. 2022



IMPAIRED BRAIN GROWTH AND INCREASED 
WHITE MATTER INJURY IN CHD

A role for abnormal placental development?

Decreased umbilical vein saturation

+

Abnormal streaming of fetal oxygenated blood

• 15% decrease in cerebral DO2
• 32% decrease in cerebral VO2

13% reduction in fetal 
brain volume

Sun L, et al. Circulation. 2015

Nijman, et al. J Am Heart Assoc. 2024

Impaired placental development acts in synergy with CHD 
to impair brain growth and neurodevelopmental outcomes



PMP Present 

(n= 122)

PMP Absent 

(n= 124) p

Extracardiac anomalies 39 (31.9%) 32 (25.8%) 0.286

Birth gestational age 

(weeks)
38.8 (37.4, 39.3) 38.9 (38.1, 39.3) 0.253

Birth weight (g) 2985.5 (2654.9, 3400) 3329.9 (3100, 3674.9) <.001

Birth length (cm) 48 (45, 50) 48.9 (47.5, 51) <.001

Birth head 

circumference (cm)
33 (31.5, 34) 34 (33, 35) <.001

Index hospitalization 

LOS (days)
20.5 (9, 47) 15 (8, 28.5) 0.041

ECMO 12(9.8%) 5 (4%) 0.073

Mortality 15 (12.3%) 7 (5.6%) 0.068

Josowitz R, unpublished data

Survival in Non-syndromic CHD Fetuses

Log-rank p=0.07

INCREASED MORBIDITY AND MORTALITY IN CHD
A role for abnormal placental development?



Josowitz R, unpublished data

Univariate Cox Regression for Mortality

Covariate

Unadjusted 

HR 95% CI p

Impaired MFE 1.32 0.61-2.85 0.48

Fetal sex 0.82 0.42-1.64 0.59

ART 0.83 0.20-3.50 0.81

Genetic syndrome 2.45 1.19-5.06 0.02

De novo SNV 1.59 0.77-3.31 0.21

Severe CHD 1.45 0.60-3.51 0.41

Single ventricle 2.07 1.03-4.16 0.04

TGA 0.22 0.03-1.62 0.14

Other CHD 0.78 0.34-1.79 0.56

PMP 1.49 1.03-2.17 0.03

Multivariable Cox Regression for Mortality

Covariate Adjusted HR 95% CI p

PMP 1.44 1.00-2.09 0.05

Genetic syndrome 2.79 1.32-5.92 <0.01

Single ventricle 2.47 1.20-5.09 0.01

INCREASED MORBIDITY AND MORTALITY IN CHD
A role for abnormal placental development?

Impaired placental development acts in 
synergy with CHD & genetics to 

increase morbidity and mortality

SYNDROMIC CHD
PMP Present 

(n= 30)
PMP Absent 

(n= 22) p

Birth Gestational Age 
(weeks)

38.1 (37.3, 39.0) 37.9 (37.3, 39.0) 0.60

Extracardiac anomalies 22 (70.1%) 9 (40.1%) 0.03

Birth weight (g) 2944.9 (2265.1, 3299.9) 3144.9 (2599.9, 3400) 0.27

Birth length (cm) 46.2 (43, 47.2) 48 (44.5, 50.1) 0.07

Birth head circumference 
(cm)

32.4 (31, 34) 33 (31.8, 33.8) 0.84

Index Hospitalization LOS 
(days)

44 (23, 84) 26 (7, 62) 0.06

ECMO 4 (12.9%) 3 (12.6%) 0.94

Mortality 8 (25.8%) 3 (13.6%) 0.28



MECHANISMS OF PLACENTAL MALDEVELOPMENT IN CHD

PMP Absent

Growth factor signaling

Glycolysis, carbohydrate 
metabolism

Notch signaling

Chromatin remodeling

Epithelial to Mesenchymal 
Transition & Collagen Regulation

COL4A4 
FN1

MMP2 
NOTCH1 
NOTCH3

DLL4 
SMAD6 

VIM
TIE1

PMP Present

Courtney et al. Placenta. 2020

Josowitz R, unpublished data



IS THE PLACENTA THE NEXT FRONTIER IN CHD?



THANK YOU



REGISTER TODAY

Feb. 19-23, 2025
Disney’s Yacht & Beach Club Resort
Lake Buena Vista, Florida
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Learn more and register at 

www.chop.edu/cardiology2025
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