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Long-term Survival after Reconstructive Surgery for HLHS
Between 1/1/1984 and 12/31/2023, 2012 neonates underwent reconstructive surgery for HLHS at CHOP.
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Transplant-free survival was 63.0% at 1
year of age, 51.7% at 10 years, 43.7%
at 20 years, and 31.0% at 35 years.

Independent Risk Factors
Earlier Era
Smaller Ascending Aorta
Moderate to Severe AVVR
Younger Gestational Age
Genetic Anomaly
Non-white Race



Long-term Survival after Reconstructive Surgery for HLHS

Transplant Free Status
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Adjusted survival improved from1984 to 2003, but has subsequently plateaued.
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Long-term Survival after Reconstructive Surgery for HLHS

Transplant Free Status

Survival was not different for

Norwood with MBTTS compared
/ to the Norwood with the RVPA
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After adjusting for patient
characteristics, survival for the Hybrid
Procedure was worse compared to
the Norwood, p < 0.001.
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There Is a critical need for
further investment in
Innovative strategies to
reduce the risks for
morbidity and mortality.



PLACENTAL ORIGINS OF CHRONIC DISEASE
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Progesterone and Brain Development

Progesterone is a neurosteroid that is:
1. essential in the establishment and maintenance of pregnancy,
2. neuroprotective and critical to brain development, and

3. utilized to prevent preterm birth.



Vaginal progesterone prophylaxis for preterm birth
(the OPPTIMUM study): a multicentre, randomised,

double-blind trial

JaneElizabeth Norman, Neil Mardow, Claudia-Martina Messow, Andrew Shennan, Phillip R Bennett, Steven Thornton, Stephen C Robson,

Alex McConnachie, Stavros Petrou, Neil | Sebire, Tina Lavender, Sonia Whyte, John Norrie, for the OPPTIMUM study group

Double-blind, randomized, placebo-controlled trial of vaginal progesterone to
prevent preterm birth.

Vaginal progesterone was not associated with a reduced risk of preterm birth.

Placebo group Progesteronegroup Unadjustedoddsratio  pvalue Adjusted odds ratio p value
(95% Cl) ordifferencein  (unadjusted)  (95% C1)* ordifference  (adjusted*)
means (95% CI) in means (95% Cl)
Fetal death or delivery <24 weeks of gestation 108/597 (18%) 96/600 (16%) 0-86 (06410 117) 034 0-86 (0-6110 122) 0.67
Neonatal morbidity or death 60/587 (10%) 39/589 (7%) 0-62(041t00-94) 0-02 0.62(038101.03) 0072
Cognitive composite score at 2 yearst: 977 (17-5) 873(17-9) -0-48(-277 to 1.81)§ 0-68 -0-48 (-277t0 18158 0.68
Components of the obstetric outcome
Fetal death 71597 (1%) 8/600 (1%) 11404103 17)
Liveborn delivery before 34 weeks 101/590 (17%) 88/592 (15%) 0-85(0-62to 1-15) 20
Components of the neonatal outcome
Neonatal death 6/597 (1%) 1/600 (<1%) 0-17 (0-06 to 0-49) 00009 < @———
Bronchopulmonary dysplasial| 18/574 3%) 17/580 (3%) 094 (049t0178) 0-84 -
Brain injury on ultrasound scan®* 34/574 (6%) 18/584 (3%) 0-50 (0310 0-84) 0008  <C—




vwok | Qpen.

Original Investigation | Pediatrics

Progesterone for Neurodevelopment in Fetuses With Congenital Heart Defects
A Randomized Clinical Trial
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Phase Il study to assess benefits of prenatal progesterone therapy on neurodevelopmental
outcomes for fetuses with CHD and to inform the design of subsequent multi-center trials.



Maternal Progesterone Study: Study Design

Baseline
Echocardiogram

Baseline Brain MRI

Initiation of study Vaginal Progesterone 8% gel (equivalent to 90 mg) or
drug Placebo (vaginal moisturizer) BID

Interval Brain MRI
Pre- and Post-

Identification and . . operative Brain MRI
Enrollment Clinical Echocardiograms, o
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Maternal Progesterone Study: Neurodevelopment

BSID-III Group Means? Treatment Effect
Score Pooled® Stratified®
Progesterone Placebo Mean (90% CI) P-value | Mean (20% CI) P-value

Mean (5D)

Composite Scores

Motor 90.0(11.5)  87.5(12.7) 25(-1969) 034 2.7(-16.7.1) 0.30
Language  86.1(122)  845(114) 16(-4578)  0.66 1.7 (-4.4.7.9) 0.64
Cognitive  924(151)  912(189) 12(-3.054) 064 15(-2.75.7) 0.56




Maternal Progesterone Study: Neurodevelopment

Composite Motor Score

Subgroup Progesterone Placebo Estimate (90%CI)
Cardiac Diagnosis :
HLHS 23 19 ———— 27 (30 to 8.4)
Other 6 6 : > |7.3(641028.2)
TGA 16 I8 b *— -3.6 (-10.0 to 2.8)
Sex :
Female 15 15 s : L | 94 (2510 16.3)
Male 30 28 o 1.6 (-6.610 3.5)
Genetics :
Normal 24 28 i= L 2 { 59(06t011.1)
Suspect 12 0' 02(-1001t09.5)
Abnormal 9 10 ® : 59(-14.7103.0)
Maternal-Fetal Environment :
None 31 28 e 29 (-2.1t0 8.0)
Present 14 15 EO 08 (-6.6t08.2)
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Abnormalities of placental development and function are associated with

the different fetal growth patterns of hypoplastic left heart syndrome and
transposition of the great arteries

Jennifer Courtney ', Weston Troja *, Kathryn J. Owens *, Heather M. Brockway *,
Andrea C. Hinton , Robert B. Hinton ", James F. Cnota ", Helen N. Jones "
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HLHS placentas had only 22 upregulated genes, but
1896 downregulated genes compared to TGA.

Volcano Plots of Gene Expression from RNA-Sequencing

log2FoldChange HLHS vs TGA



Fetal sex and maternal pregnancy
outcomes: a systematic review and meta-

analysis
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.... the emerging concept of a sexual dimorphism in the maternal-fetal-placental interplay.

.... carrying a male fetus is accompanied with a higher cardiovascular and metabolic load for
the mother resulting in maternal pregnancy complications and adverse health in later life.

The Placenta’s Role in Sexually Dimorphic Fetal Growth Strategies

Julian K. Christians'*>4

The sex chromosomes contribute to sex differences in placental gene expression, and fetal
hormones may play a role later in development.



Maternal Progesterone Study: Impact on Mortality
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Maternal Progesterone Study: Impact on Mortality

All Subjects HLHS
0.20 - 0.20 - i
<
® 0.15- 0.15
(@)
ke
20.10- e 0.10 -
:‘t;?u
o A
© 0.05- 0.05 -
o
0.00 - 0.00 -
0 3 6 9 12 15 18 0 3 6 9 12 15 18
Time in months Time in months
Number at risk Number at risk
S wm 49 46 45 44 44 44 19 S wm 25 22 21 20 20 20 9
;‘5 - 50 47 47 47 47 47 24 5 - 27 25 25 25 25 25 13
0 3 6 9 12 15 18 0 3 0 9 12 15 18
Time in months Time in months

Strata =+~ Trt=Placebo =+ Trt=Progesterone



Does Maternal Progesterone Reduce Morbidity and Improve
Survival in Hypoplastic Left Heart Syndrome?

Secondary analysis to estimate the magnitude of the effect of progesterone treatment on
morbidity and transplant-free survival for neonates with CHD.

Outcomes:
Days alive and out of the hospital (DAOH in the first year of life)
Transplant-free survival
Placental weight and birthweight



Impact of Maternal Progesterone on Morbidity and Survival in Hypoplastic Left Heart Syndrome

Days Alive and Out of the Hospital (DAOH)

Placebo Progesterone
20 Mean DAOH was 46 days
longer for Progesterone (291
8- days) versus Placebo (245 days).

Number

Median DAOH (304 days) for
Placebo was similar to a recent
multi-institutional cohort of 304
days, and was greater for
Progesterone (315 days).
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Survival

Impact of Maternal Progesterone on Morbidity and Survival in Hypoplastic Left Heart Syndrome

Transplant-free Survival

Transplant-Free Survival
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so | s st i The risk of death or transplant was
i m 0.36-fold smaller for Progesterone
GO} Treatment versus Placebo, P=.08 Log-rank Test).
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Qo |7 Progesterone Transplant-free survival at 6 years
: was 83% for Progesterone versus
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Impact of Maternal Progesterone on Morbidity and Survival in Hypoplastic Left Heart Syndrome

Birthweight
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After adjusting for gestational age, birthweight (mean difference 337 gm., P=.005) was larger for

Infants in the Progesterone group, with no difference in placental weight suggesting greater
placental efficiency with Progesterone.

Each 100 gm increase in birthweight was associated with an additional 5.4 DAOH, P=.05



Impact of Maternal Progesterone on Morbidity and Survival in Hypoplastic Left Heart Syndrome

In this small Phase Il study:

DAOH was greater for Progesterone compared to Placebo.
Transplant-free survival was greater for Progesterone compared to Placebo.

Birthweight was greater for Progesterone compared to Placebo consistent with better placental
efficiency.

Larger birthweight was associated with increased DAOH.

These findings suggest that Progesterone may improve outcomes by improving placental
efficiency and fetal growth.

A pivotal trial is needed to fully investigate the impact of progesterone treatment in HLHS.
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