
Prenatal Life with Single 
Ventricle: 

Is This A Golden Opportunity?
Jack Rychik. MD

Director, Fetal Heart Program
Children’s Hospital of Philadelphia





The start of the single ventricle journey…

J Am Heart Assoc 2018
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Freedom From Mortality and Morbidity After 
Fontan Operation
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Treatment of CHD and Trajectories
• We currently intervene and “treat” 

newborns, infants, children and adults 
who are “fully formed” in order to 
manage CHD
• Are we ignoring “fetal plasticity” – a 

golden opportunity to impact change 
to a greater degree before birth than 
after birth
• Influencing the prenatal state may 

alter trajectory and provide for long-
lasting changes that can profoundly 
alter outcomes



Fetal Programming – Barker Hypothesis



Illustration of the interplay of external factors on developmental plasticity and the downstream effects on general and system 
specific adaptations in the developing fetus. Also shown are the known disorders associated with such interactions.

Physiol Rev 2018



Physiol Rev 2018



12 week fetus with increased NT

6 year old HLHS with severe plastic bronchitis



Altered Maternal-Fetal 
Environment (MFE):
• Maternal hypertension
• Preeclampsia 
• Gestational diabetes
• Smoking during pregnancy



Possible Targets- Perhaps Modifiable?

Maternal (Host) Physical Health 
–

Nutritional, Cardiovascular

Maternal (Host) 
Psychological Health

Placental Health Fetal Organ Maturation



¡58 mothers with prenatal dx of important CHD 
¡ Initial evaluation at 2nd visit to FHP
¡Tested at 3 time periods (26, 31, 34 wks)
¡Battery of Self-Reported Psych tests

§ Beck Depression Inventory (Depression)
§ State-Trait Anxiety Inventory Scale (Anxiety)
§ Impact of Events Scale (post-traumatic stress)
§ Dyadic Adjustment Scale (marital satisfaction)
§ COPE Scale

J Peds 2013

Goals of Study:
To identify and better 

understand potential variable 
modifiers to 3 stress domains:

1) Depression
2) Anxiety

3) Traumatic stress



Scores of Maternal Distress

P<0.01

P<0.001 P<0.001



Dyadic Adjustment Scale

P<0.01



Effect of Serial Fetal Counseling
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Impact of Prenatal Dx CHD on Maternal 
Psychological Stress
¡10% of mothers had > mild depression

¡20% had clinically significant state anxiety

¡28% had traumatic stress scores indicating probable post-traumatic stress 
disorder

¡Partner satisfaction scores lower than normal

¡ In order to improve maternal health and consequently fetal health, 
healthcare providers should look to promote an increase in relationship 
satisfaction and the coping skills of acceptance and positive 
reinterpretation and growth among women pregnant with a fetus 
diagnosed with CHD 





Maternal Stress 
& Anxiety

ñMaternal
Cortisol

Poor fetal growth

Neurocognitive deficits

Structural fetal brain grey matter changes

Altered fetal and child glucocorticoid signaling

Vascular programming – adult disease?

Increased risk of spontaneous abortion & preterm labor



Fetal cardiovascular development and placental vascular 
development occur at the same time!



Placental Weight-Birth Weight Ratio: CHD (Blue) Normal (Red)
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Pediatr Cardiol. 2018;39:1165-1171

What is the placenta like in our fetuses with CHD?



Thrombosis = 41% 
Infarction = 20%

What is the placenta like in our fetuses with CHD?

Chorangiosis = 20%

Pediatr Cardiol. 2018;39:1165-1171



Placental Function in CHD? Fetal MRI Techniques

Ascending Aorta Saturations Lower 
in Fetal CHD

Umbilical Vein Saturations Lower in 
Fetal CHD!

Sun et al Circulation. 2015;131:1313-1323



Umbilical Venous Volume Flow
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Placental Microvascular Assessment

Normal Placenta CHD Placenta



Pediatric Research 2021



What should we be thinking about?
• Understand prenatal trajectories that predict specific outcomes:
• Growth velocity - somatic
• Growth velocity - head
• Progression of Doppler vascular indices (UA, MCA, Uterine)
• Improved characterization of placental health (form & function) new 

tools like UVVF, placental elastography, MRI placental imaging

• Associate with SV outcomes – many postnatal registries now in place: 
CNOC, FON, PC4, PAC3 – no systematic prenatal cataloguing currently in 
place! …can’t ignore event-filled period of life before birth to offer clues! 

• Outcome modification strategies?...change the substrate by taking 
advantage of fetal plasticity and prenatal programming


