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ORIGINS OF CONGENITAL HEART DISEASE

Genetics
Aneuploidy ~13%
CNV ~10%
De novo SNVs ~10%
Unknown
?7?
Epigenetics

Gene-environment

Environment
Teratogens
Intrauterine infection
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ORIGINS OF CONGENITAL HEART DISEASE
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THE BARKER HYPOTHESIS
“FETAL ORIGINS OF DISEASE”
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Intrauterine growth restriction associated with increased risk
of adult-onset hypertension and cardiovascular disease
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SHARED PLACENTAL AND CARDIAC DEVELOPMENT
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THE PLACENTA-HEART AXIS
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Measure of heterogenaity

Phenotypes No.  OR(98%CI)  Pvalue Q  Pvalue B(%)

cTo 5 155(1.33-179) <0001 io 520 0270 23

TOF 4 135(105-172) 0020 = 213 0.550 0

TGA 5 114(086-152) 0360 770 0100 48
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COA 4 173138217 <0001 Io 208 0.450 )

wvoro 3 133(105-167] 0010 = 029 0.870 (i

RVOTO 3 168131218 <0001 o 228 0.300 1
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THE PLACENTA-HEART AXIS
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THE PLACENTA-HEART AXIS
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Placentation defects are highly prevalent
in embryonic lethal mouse mutants
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Placental Inflammation Leads to Abnormal
Embryonic Heart Development
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PLACENTAL PATHOLOGY IN CHD

» Maternal Vascular
Malperfusion (MVM)

» Fetal Vascular Malperfusion
(FVM)

» Delayed Villous Maturation
(DVM)

» Maternal and Fetal
Inflammation
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Sampling and Definitions of Placental Lesions
Amsterdam Placental Workshop Group Consensus Statement
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PLACENTAL PATHOLOGY IN CHD

Sampling and Definitions of Placental Lesions

Amsterdam Placental Workshop Group Consensus Statement
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» Maternal Vascular

Malperfusion (MVM) Fetal vascular malperfusion — ‘cord accident’

Fal
' .

» Fetal Vascular Malperfusion
(FVM)

» Delayed Villous Maturation
(DVM)

» Maternal and Fetal
Inflammation
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B0o5® ®H S



PLACENTAL PATHOLOGY IN CHD

» Maternal Vascular
Malperfusion (MVM)

» Fetal Vascular Malperfusion
(FVM)

Sampling and Definitions of Placental Lesions

Amsterdam Placental Workshop Group Consensus Statement
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Villi in Healthy Pregnancy ! [ Villiin Delayed Villous Maturation |

» Delayed Villous Maturation
(DVM)

» Maternal and Fetal
Inflammation

CARDIOLOGY
2025 @

Mother's blood
Mother's blood

Terminal Terminal
villi villi

v

Image courtesy of Tommy’s.org

& Children's Hospital
¢ U of Philadelphia

Cardiae Cente



ASSESSING THE PLACENTA IN UTERO
TRADITIONAL DOPPLER INDICES

Nonmaf

rpptane/Pydst iy rvbes
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Cerebroplacental Resistance Ratio [CPR = MCA PI/UA PI]
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FETUS A FETUSB
Pulsatility Index = Max Velocity ~ Min Velocity
Mean Velocity

CPR > 1= NORMAL CPR < 1=ABNORMAL

Josowitz R, et al. Neoreviews. 2023
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ASSESSING THE PLACENTA IN UTERO
UMBILICAL VENOUS VOLUME FLOW

\\ -
—-J

TABLE 2 Placental Blood Flow Characteristics
Umbilical vein
blood flow Controls All CHD Single Ventricle

(n - 36) (n=31) P Value* (n - 24) P Value"

Fetal weight (g) 437 (340-546) 629 (530-756) <0.001 646 (528-830) <0.001

CCO (mL/min/kg) 394 (345-472) 442 (321-542) 0574 371 (321-471) 0.555

UVVF (mL/min) 51 (38-68) 61(47-84) 0.147 59 (44-80) 0.333

—» UVVF/Wt (mL/min/kg) 13 (98-145) 96 (79-115) 0.007 87 (74-108) 0.00

—»| UVVF/CCO (%) 30 (24-39) 22 (18-30) 0.006 23 (20-31) 0.045

CARDIOLOGY
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Umbilical vein flow = cross sectional area x mean velocity x 60 | Barbieri M, etal. J Clin Ultrasound. 2023
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ASSESSING THE PLACENTA IN UTERO
FETAL MRI

TGA VS
Birth weight
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IMPAIRED GROWTH IN CHD

A role for abnormal placental development?

A MYMFVM wsions 8 MYM lasicns c FWM lesions
Table 2 sl =T 5 sl e o o .
Effect size of placental volume and neonatal clinical characteristics in CHD fetuses. i I . l l . . . .
Clinical factor CHD Control Effect P-value
size® 200 { l 3600 | 600 |
GA age at birth in weeks, 37.8 (+1.5) 39.0(+1.5) 211 P =0.041 | L
mean (+SD) g L ] a |
Birth weight in kg, 3.141 (£0.70) 3.345(+046) 501 P <0.001 b1 }‘ 1 % l
mean (+SD) £ H £
Fenton z-score for birth ~ —0.05 (+1.00) -0.02 (+0.07) 4.85 P <0.001
weight, mean (+SD) 00 1 100 | 2090 1
Andescavage N, et al. Placenta. 2015 . . .
000 000 - 2000
- L) 4 : . Lis : . s '
g A S b g D Subyts e Coneves M Tusgmets Came Cexun A Sutprts Cames Comrsse
80 e
E - e g i?mvwm‘mw-m ijw-nm ‘wu.—-v Em-—— -m.-m
£ w» g Josowitz R, et al. JACC:Adv. 2025
H H
20 § A Lo
§ 2 Spearman - 0.4830 B 5 o % “’of = Spearman r: 0.0566 . .
: Lo - B oI Impaired placental development acts in
0.50 0.75 1.00 1.25 1.50 0.50 0.78 1.00 125 150 . . .
synergy with CHD to impair fetal growth
PGF (MoM) SGF (MaM|

Llurba E, et al. Eur Heart J. 2014
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IMPAIRED BRAIN GROWTH AND INCREASED
WHITE MATTER INJURY IN CHD

A role for abnormal placental development?

. . -‘ Competing-risks regression
Gestational diabetes “ FaMaje p HEH | 1.50 (1.01-2.32), P=0.052 Q. o -
Gestational ]w
hypertension ™~
Preeclampsia ‘ 2
Exposure to tobacco s nonimbared ke { | HE@H F181 (1.21-272), P0.004 £30)

Hypothyroidism 5 s E
“Other” complications o]
of pregnancy Ageal M ‘ §
e al
(5-7ve <5 days)] FEH [ 089(0.56-1.35), P=0.584 3Ea)
ys | 3
| =
AgeatMAL | | ! 0 5 10 15 20 2%
(57 v8 <5 days) ib—.—q 1.93 (1,20-3.14), F=0,008 anulysis ve
+CHD | 4PE —— +CHD | -PE
e CHD | 4PE CHD | -PE
Preop TMS | |
(per unit increase) i 08900 A2-0.00);: P.007 Omann C, et al. Eur Heart J Open. 2022
05 1.0 2.0
Qdds Ratio (95% CI)

Licht DJ, et al. J Am Heart Assoc. 2023
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IMPAIRED BRAIN GROWTH AND INCREASED
WHITE MATTER INJURY IN CHD

A role for abnormal placental development?

B+ 099, p=0.084"

Pe-0.08 p=0o3*

Nijman, et al. J Am Heart Assoc. 2024
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Sun L, et al. Circulation. 2015

Decreased umbilical vein saturation

+

Abnormal streaming of fetal oxygenated blood

/

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

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

<«—» 13% reduction in fetal
brain volume
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INCREASED MORBIDITY AND MORTALITY IN CHD

A role for abnormal placental development?

PMP Present
(n=122)

Extracardiac anomalies 39 (31.9%)
Birth gestational age
(weeks) 38.8(37.4,39-3)
Birth weight (g) 29085.5 (2654.9, 3400)
Birth length (cm) 48 (45, 50)
Birth head (31 )
circumference (cm) 33 (315, 34
Index hospitalization 205 ( )
LOS (days) 519,47
ECMO 12(9.8%)
Mortality 15 (12.3%)

PMP Absent
(n=124)
32 (25.8%)

38.9(38.1,39.3)

3329.9 (3100, 3674.9)
48.9 (47.5, 51)

34 (33, 35)

15 (8, 28.5)

5(4%)
7 (5.6%)

p
0.286

0.253

<.001

<.001

<.001

0.041

0.073
0.068

Josowitz R, unpublished data
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0.90

Survival Probability

0.804

0.701

Survival in Non-syndromic CHD Fetuses

we PMP absent
w— PMP present

Log-rank p=0.07

Number at risk
PMP absent 124
PMP present 122

T T

50 100 150 200
Weeks

108 73 38 1

97 72 33 14
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INCREASED MORBIDITY AND MORTALITY IN CHD

A role for abnormal placental development?

PMP Present PMP Absent
SYNDROMIC CHD (n= 30) (n=22)
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) 2044.9 (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
?C'Il:;‘ head circumference 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

Josowitz R, unpublished data

Impaired placental development acts in
synergy with CHD & genetics to
increase morbidity and mortality

CARDIOLOGY
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Univariate Cox Regression for Mortality

Unadjusted

Covariate HR 95% CI

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

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
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MECHANISMS OF PLACENTAL MALDEVELOPMENT IN CHD

PMP Present

TIC

0

Epithelial to Mesenchymal
Transition & Collagen Regulation

Notch signaling

Chromatin remodeling

‘ Growth factor signaling H

Glycolysis, carbohydrate
metabolism
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IS THE PLACENTA THE NEXT FRONTIER IN CHD?

« Impaired cerebral perfusion
and oxygenation
» Adverse neurodevelopment

. -
. -
* -
" - .Q
+* Genetics *s_ /’

.+ Epigenetics '+,
.. Hemodynamics *,
.

w
« Abnormal angiogenesis and » Congenital heart disease
vascular developme.nt. » Altered fetal hemodynamics
C ARD | 0 LO GY » Villous hypoxia and injury and oxygenation L4 Children's Hospital
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CARDIOLOGY HOPE. HEAL. LEARN.
Q025 v REGISTER TODAY

Feb. 19-23, 2025
Disney’s Yacht & Beach Club Resort
Lake Buena Vista, Florida

Learn more and register at
www.chop.edu/cardiology2025
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