
Welcome!
May 24, 2022

The webinar will begin at 6 p.m. CT



Agenda for the evening

• 6:00 p.m. | Welcome by Erika Peterson, MD

• 6:05 p.m. | New Management Algorithm for Fetal and Neonatal Bladder 
Exstrophy by John Kryger, MD

• 6:35 p.m. | Equipoise for and Status of the Gastroschisis Outcomes of 
Delivery (GOOD) Study by Amy Wagner, MD

• 7:05 p.m. | Prenatal Predictors of Outcomes in Congenital Heart 
Disease by David Saudek, MD

• 7:45 p.m. | Wrap-up by Erika Peterson, MD

• Q&A sessions to follow after each presentation.



Take a tour

• https://www.youtube.com/watch?v=dmqEKSACGKA

https://www.youtube.com/watch?v=dmqEKSACGKA
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Asking the presenter a question

At any time 
during the 
lecture, you can 
submit your 
question by 
clicking the Q&A 
icon at the 
bottom of your 
screen



John Kryger, MD
• Medical director of urology at Children’s Wisconsin since 2009

• Chief and professor of pediatric urology at the Medical College 

of Wisconsin

• Board certified in pediatric urology 

• Earned his medical degree from University of Wisconsin 

Medical School - Madison

• Completed his pediatric urology fellowship at Children’s 

Hospital of Michigan  

• Dr. Kryger sees patients at the Milwaukee Campus, Appleton 

Clinic, and Delafield Clinic



Advancements in Fetal and 
Neonatal Bladder Exstrophy 

management
John V. Kryger

Professor and Chief of Pediatric Urology

Children’s Hospital of Wisconsin

Milwaukee, WI



Disclosures
• In accordance with ACGME policy:

I have no financial disclosures



Outline
• Define and describe Bladder exstrophy

• Explain the need for improved care

• Describe a new philosophy to care in Multi-disciplinary Bladder 
Exstrophy Program

• One of 12 Centers of Excellence in US

• Describe how newborn care of bladder exstrophy has changed 
in the nursery.
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• Bladder exstrophy is a spectrum
• Wisconsin birth rate is 60,000 per year (2020) 

Bladder Exstrophy



• Mesenchymal ingrowth is critical to stability of the membrane 

• As the urorectal septum separates the GU and GI tracts

• As pelvic organs, abdominal wall, pelvic bones mature

• As external genitalia develop

• Premature membrane rupture results in HERNIATION of pelvic organs

Premature rupture of cloacal membrane



Timing has major impact on the severity

• 4-6 weeks Cloacal exstrophy
• 6-12 weeks  Classic bladder exstrophy
• 12-14 weeks Epispadias

Exstrophy Etiology 



Male Genital Defects

Shortened penis

Congenital dorsal chordee

Neurovascular displacement 

Female Genital Defects

Anterior displaced/ short vagina

Bifid clitoris

Urinary Tracts Defects

Vesico-ureteral reflux  

Variety of renal anomalies 

Issues of bladder development are 
certainly complex

Musculoskeletal Defects

Separation of the pubic symphysis

Outward rotation/ shortening pubic rami

Abdominal Wall Defects

Inferior abdominal wall muscle defect

High incidence of inguinal hernia

Neurologic Defects

Spinal cord anomalies

Anorectal Defects

Anterior displacement of anus

Pelvic floor muscle deficiency

Bladder Exstrophy |  
Wide spectrum of Anomalies 



• Accurate prenatal diagnosis has major impact on successful 
counseling and setting expectations

oGuides postnatal care and avoids urgent transfers of infant and 
separation from mother

• Only 10-32% of exstrophy babies have prenatal diagnosis (1) 

1.  Goyal A, Fishwick J, et al. Antenatal diagnosis of Bladder/cloacal exstrophy:  Challenges and possible solution.  J 
Ped Urol 2012

Prenatal Diagnosis



• Fetal US findings:
• Absence of bladder

• Widened pubic diatasis

• Low lying umbilicus

• Presence of omphalocele is key differention: BE vs CE
• Can be difficult to distinguish true omphalocele from bulging bladder plate

• Sensitivity distinguishing BE from CE (1)

• fUS 69% fMRI 83% 

1. Weiss D, Kryger J, et al. Key anatomic findings on fetal ultrasound and MRI in the prenatal diagnosis of bladder and 

cloacal exstrophy. J Ped Urol 2020

Fetal Imaging 



1. Staged Repair

 Primary Closure of the bladder and 

abdomen at birth

 Epispadias repair at 18 months.

 Bladder Neck reconstruction at 5-8 

years of age

2. Complete Primary Repair as infant 

(one stage CPRE)

 Closure of exstrophy

 repair of epispadias

 bladder neck reconstruction  

 osteotomies

Two Approaches to surgery
- Slow progress over 75 years



Pitfalls of this Surgery
• Are common and sometimes 

devastating
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1. Grady, Mitchell J.Urol:162(4), 1415-1420  October 1999,
2. Schnooravorian, Grady, Joyner, Mitchell J Urol 180:1615-1620. October 2008 

• Complete Primary Repair was innovation advanced by Dr Mitchell

• Complete disassembly of penile corpora and urethra and glans

• More aggressive Bladder neck dissection and reconstruction

• Continence 80% among children > 4 yo

• Long-term Continence 29/39 (74%) among children > 4 yo

Critical to his philosophy
1. With proper dissection and reconstruction, the anatomy of the herniated structures 

can be restored better than in the past

2. Early cycling of the bladder is critical to bladder development

The Complete Primary Repair of 
Exstrophy (CPRE)



• Coaches for:

• Athletes

• Musicians

• Why not surgeons?



• Bladder Exstrophy is an excellent model for surgical coaching.
• Given rarity of this disease gaining necessary surgical experience is 

challenging.

• The complexity of disease requires mastery of surgery

Coaching 



• Founded in 2012 to enhance the experience with this rare and complex disease 

Multi-institutional Bladder 
Exstrophy Consortium (MIBEC) 



• Refine and standardize the Mitchell technique of CPRE  
• Reproduce accomplishments reported by Mitchell
• Develop an accurate high-volume database

• short- and long-term clinical outcomes
• surgical outcomes

• Develop training and educational resources for Pediatric urologists

22

Why form a consortium?



"The collaboration is a mechanism to learn from each other's 

expertise toward promoting the main goal of optimizing care and 

outcome for rare and complex patients with exstrophy spectrum.”

Mike Mitchell, MD

Collaboration



Immediate Closure

1 day
Elective Closure

2-3 mos

• Pelvic bone flexibility

• Less bladder irritation

• Early completion for 

family

• Assemble surgery team

• Mini-puberty robust genital tissue

• Better family bonding

• Time for Nutrition and nursing

• Family counselling and preparation

Advancements of MIBEC approach 



MIBEC February 2013 – May 2022

Primary CPRE in 97 patients:

• Male: 61

• Female: 36

MIBEC Collaboration: 8 surgeons



• Bladder mucosa is very sensitive
• Tie umbilical cord with silk to avoid 

clamp irritation to bladder mucosa

• Cover mucosa with tegaderm to 
protect from diaper

• Parent counseling and education
• Critical to parents on many levels.

• Takes time to do it well… time well 
spent

Newborn Care is important
esp. when closure delayed



• Not as involved as most people expect

• Children are generally robust and healthy at birth

• Pediatric Urology consult is important

• No need to transfer patient 

• No separation of mother/ infant

• No special needs except covering the exposed bladder with tegaderm or press n’ seal

• Discharge to home directly from nursery is expected in the usual time frame.  

• Appt with Pediatric Urology Center of Excellence within 1 week, preferably in person, 

but can be telemedicine if great distance 

Newborn Care of 
Classic Bladder Exstrophy 



• Imaging at the Urology visit (can be done prior to discharge from nursery as option)

• Renal US

• Pelvic x-ray

• No labs

• No antibiotic prophylaxis

• No restrictions on diapering or bathing or activities

• Essentially normal newborn care

Newborn Care of 
Classic Bladder Exstrophy 



Patient Satisfaction 



Publications 



• Pediatric Urology

• Pediatric Orthopedics

• Pediatric Anesthesia

• Pediatric Intensive care 

• Pediatric Psychology

• Pediatric Pain specialists

• Pediatric Nurses 

Facilitates a Skilled Multidisciplinary Team 



• Consistent Team of Surgeons 
• Better teaching

• Safer surgical outcomes

• Collective wisdom of senior surgeons

• Evolution of the procedure
• Improved dissection of urethra  

• Better dissection and reconstruction of the bladder sphincter

• Improved reconstruction of both male and female genitalia

• Role of osteotomies and spica cast 

• Outcomes
• Improved continence with voiding in normal fashion

• Great reduction in number of bladder augmentations

• National recognition, teaching videos, publications

MIBEC – Early Benefits



• "It is the long history of humankind (and animal kind, too) 
that those who learned to collaborate and improvise most 
effectively have prevailed."

Charles Darwin

Collaboration 



This image is actually 5 women decorated by world 

champion body-painter Johannes Stotter

Collaboration at it’s finest!



• Boston Children’s Hospital
• Dr. Joseph Borer
• Dr. Rich Lee
• Allysia Vesna, Research

• Children’s Hospital of 
Philadelphia

• Dr. Doug Canning
• Dr. Aseem Shukla
• Dr. Dana Weiss
• Brynne Bonabitabo, NP
• Jennifer Frazier, Research

• Children’s Wisconsin

• Dr. Mike Mitchell

• Dr. John Kryger

• Dr. Travis Groth

• Dr. Elizabeth Roth

• Coleen Rosen, DNP

• Katie Sheridan, Research



Insert Video of complete repair 
of bladder exstrophy





Amy Wagner, MD

• Pediatric surgeon at Children’s Wisconsin since 2009

• Professor at the Medical College of Wisconsin

• Earned her medical degree at Medical College of Wisconsin

• Completed her pediatric surgery fellowship at the University 
of California – San Francisco and Medical College of 
Wisconsin

• Dr. Wagner sees patients at the Milwaukee Hospital Campus 
and Mequon Clinic



Amy Wagner, MD
Professor of Surgery

Division of Pediatric Surgery

Fetal Concerns Center of Wisconsin

Equipoise and Status of the 

Gastroschisis Outcomes of Delivery 

(GOOD) Study 



Disclosures 

• No relevant financial relationships to disclose. 



Meta-analysis 2013

• 3276 pregnancies 

with gastroschisis

Prevalence 4.48/100

• 7 times increased risk

Source: Metaanalysis of the prevalence of intrauterine fetal death in 

gastroschisis.  South AP, Stutey KM, Meinzen-Derr J 

Am J Obstet Gynecol. 2013;209-22

Background: Gastroschisis - Risk of Fetal Demise



• Pooled prevalence of IUFD of 

1.28 per 100 births after 36 

weeks

• Prevalence does not appear 
to increase after 35 weeks

Background: Gastroschisis - Risk of Fetal Demise



US birth/death certificate data

• Retrospective cohort 

• 860 cases of 
gastroschisis

• Stillbirth rate 4.8%

Background: Gastroschisis - Risk of Fetal Demise

Source Sparks TN, Shaffer BL, Page J, et al. Gastroschisis: mortality risks with each 

additional week of expectant management. Am J Obstet Gynecol 2017;216:66.e1-7.



• CAPSNet prospective cohort 

study

• 692 patients

• Validated GPS

Gastroschisis: Bowel Morbidity 



• Linear relationship 

found between 

increasing 

gestational age 

and decreasing

bowel morbidity

Gastroschisis: Bowel Morbidity 



• Short gut syndrome

• Vanishing gastroschisis

Gastroschisis: Bowel Morbidity 



 Preterm birth =

 Respiratory morbidity

 IVH

 Sepsis

 Need for phototherapy

 Cognitive and motor 
developmental delays

Source: South AP, Marshall DD, Bose CL, Laughon MM. Growth and neurodevelopment at 16 to 24 months of age for infants born with gastroschisis.

Journal of Perinatology. 2008;28(10):702-6.

Early delivery? 



Only previous RCT completed

 42 patients randomized into two groups:

 Spontaneous labor group (21) and an elective 
delivery at 36 weeks gestation group. 

 The elective delivery group trended toward 
better outcomes

 Shorter time to full enteral feeds    (30.5 vs. 37.5 
days )

 Shorter hospital LOS

(47.5 days vs. 53 days) 

Source: Logghe HL, Mason GC, Thornton JG et al. J Pediatr Surg, 2005 

Nov;40(11):1726-31.

Early delivery? 



 34 wks versus routine care

 Primary outcome TPN duration

 11 randomized to 34 week

 10 to routine care

 Study stopped early because of 
increased sepsis in early group (40%)

 (* major differences in study design)

Source: Shamshirsaz AA, Lee TC, Hair AB, Erfani H, Espinoza J, Shamshirsaz AA, Fox KA, Gandhi M, Nassr

AA, Abrams SA, Mccullough LB, Chervenak FA, Olutoye OO, Belfort MA. Elective delivery at 34 weeks vs 

routine obstetric care in fetal gastroschisis: randomized controlled trial. Ultrasound Obstet Gynecol. 2020 

Jan;55(1):15-19

Early delivery? 
RCT attempted 



 519 babies CAPSNET prospective 

database

 Outcomes compared based on 32 week 

planned timing

 No difference in outcomes (LOS, TPN, 

enteral feeds, vent time, death) when 

planned 36-37 wk vs. >38

 Conclusion: “Nevertheless, a randomized 

trial would be needed to rule out potential 

for bias…”

Al-Kaff A, MacDonald SC, Kent N, et al. Delivery planning for pregnancies with gastroschisis: 

findings from a prospective national registry. Am J Obstet Gynecol 2015;213:557.e1-8

Early delivery? 
Prospective Study – Planned Delivery 



 32 patients in prospective trial

 16 patients with expectant 

managment

 16 patients after “mgmt plan”

 Weekly US >26 wks

 Delivery if concern for bowel 

compromise

 34.2 wks vs. 37.7 wks

 Trend toward decreased TPN, time to enteral

feeds, and LOS in early group

Moir CR, Ramsey PS, Ogburn PL et al. 2004

American Journal of Perinatology, 21:5,289-94.

Early delivery? 
Prospective Study



“There is a lack of published 
data in this area,” and 
“further trials are needed.”

Grant NH, Dorling J, Thornton JG. Elective preterm birth for fetal gastroschisis. 

Cochrane Database Syst Rev 2013.

Early delivery? 



 1430 patients (18 studies) 

included 

 Decreases in 

 Sepsis (p<0.01)

 Less time to full feeds (p=0.03)

 Less time on TPN (p=0.07)

in pre-term cohort

Outcomes of gastroschisis early delivery: A systematic review and

Meta-analysis. Landish RM, Yin Z, Christensen MA, Szabo A, 

Wagner AJ.  J Pediatr Surg 2017(52:1)1962-71.

Early delivery? 
Meta-analysis 2017



 Delivery at 35 0/7- 35 6/7 weeks in stable patients with 

gastroschisis is superior to observation and expectant 

management with a goal of delivery at 38 0/7 - 38 6/7 weeks.

Hypothesis 



 Anthony Johnson, DO – University of Texas Health Center, 

Houston, TX (MFM)

 Aniko Szabo, PhD – Medical College of Wisconsin, Milwaukee, 

WI (Biostatistics)

 Amy Wagner, MD – Children’s Wisconsin, Milwaukee, WI

 Barbara Warner, MD – Washington University, St. Louis, MO 

(Neonatology)

GOOD Study Principal Investigators 



 Maternal Fetal Medicine
 Alain Gagnon, MD

 Anthony Johnson, DO

 Richard O’Shaughnessy, MD

 Erika Peterson, MD

 Bill Polzin, MD

 Britton Rink, MD

 Pediatric Surgery
 Terry Buchmiller, MD

 Brad Feltis, MD, PhD

 Foong-Yen Lim, MD

 Francois Luks, MD

 Kuojen Tsao, MD

 Amy Wagner, MD

 Neonatology
 Steve Leuthner, MD, MA

 Barb Warner, MD

 Heidi Karpen, MD

 Statistics
 Aniko Szabo, PhD

Sub Committees



 Specific Aim 1. To determine the clinical risks of infants with 

gastroschisis who were delivered at 35 weeks compared with those of 

infants who were expectantly managed to observed delivery with a goal 

of 38 weeks. 

 Specific Aim 2. To determine maternal and neonatal intermediate 

outcomes for cases of gastroschisis in the 35-week delivery group 

compared with the expectant management with a goal of 38 weeks 

group. 

Specific Aims



 Patients may be enrolled any time after diagnosis up to 33 6/7 weeks.

 Patients will be randomized at 33 weeks gestation.

 Delivery at 35 0/7 weeks through 35 6/7 weeks.  

 Expectant management with induction at 38 0/7 through 38 6/7.

 With the exception of delivery timing, all medical care will be given based 

on the standard practices of each treating hospital.

 Minimum monitoring will be weekly BPP or NST with AF assessment, 

monthly EFW beginning at 32 weeks.

 (Management per local protocol with minimum monitoring)

Study Design



Sparks TN, Shaffer BL, Page J, et al. Gastroschisis: mortality 

risks with each additional week of expectant management. 

Am J Obstet Gynecol 2017;216:66.e1-7.

35 vs. 38 weeks



 A.) English or Spanish speaking        

(open to other languages)

 B.) Age ≥18 years

 C.) Sonographic diagnosis of GS ≤33 weeks’ gestation

 D.) Singleton pregnancy

 E.) Written informed consent for participation.

Inclusion Criteria:



 A.) Fetal anomaly unrelated to GS (e.g., chromosomal 

abnormality, congenital structural abnormality)

 B.) Severe intrauterine growth restriction – defined as growth 

below the 5th percentile for age 

 C.) Previous history of stillbirth or preterm delivery (<36 weeks) 

 D.) Maternal hypertension or insulin dependent diabetes 

 E.) Prenatal care began after 24 weeks of pregnancy. 

Exclusion Criteria 



 F.) Unstable pregnancy – defined as meeting any of the following

 Amniotic fluid assessments with maximal vertical pocket <2cm or >8cm in 

third trimester

 Umbilical artery Dopplers with S/D ratio or resistive index >97th percentile for 

age with or without absent or reverse end diastolic flow

 Non-stress test and/ or biophysical profile deemed non-reassuring by 

treating clinician

 G.) Subject cannot consent on own behalf or not their own legally authorized 

representative

Exclusion Criteria (con’t): 



 Stillbirth

 Neonatal Death Prior to Discharge

 Need for Parenteral Nutrition at 30 days

 Defined as being on PN (TPN or IL) at day 30

 Respiratory Morbidity

 Defined as within the first 72 hours (exclusive of procedure):
 Use of CPAP or high-flow N/C for at least 2 hours

 Supplemental O2 of 0.3 for 4 hours

 Mechanical ventilation

 ECMO

 Sepsis

Primary Composite Outcome



Maternal

Need for cesarean section

Spontaneous labor vs. required 

induction of labor 

Chorioamnionitis

Need for transfusion

VTE

Secondary Outcomes



Neonatal
 Birth weight

 CVL days

 Intestinal atresia

 Sepsis

 NEC

 Need for caffeine

 Need for surfactant

 Length of stay

 Discharge weight

Secondary Outcomes (con’t)



Surgical

 Date and location of closure

 Timing after birth of closure

 Side and Diameter of Defect

 Closure technique

 Anesthesia exposure

Secondary Outcomes (con’t)



 Investigate the validity of the diagnosis of intrauterine growth 

restriction using the Hadlock, Shepard, and Siemer Fetal 

Weight (EFW) 

 Investigate the validity of the CAPSNET Gastroschisis

Prognostic Score to predict intestinal morbidity and time to full 

feeds

 Investigate the use of intraperitoneal pressure monitoring 

during closure to predict intestinal morbidity and complication 

rate

Tertiary Outcomes



 Own prospective study verifying the 

usefulness of this score

 Scoring to be done at bedside by 

surgeon and/or by our specialist based 

on photographs

 Interested in comparing both scoring 

methods for validity and correlation to 

outcomes

 Dr. Buchmiller validating

Tertiary Outcomes (cont’d)
Gastroschisis Prognostic Score 



www.capsnetwork.org

Bowel 
Matting

0 – None             1 – Mild             2 – Severe

Bowel 
Necrosis

0 – Absent 1 – Focal 2- Diffuse

Bowel Atresia 0 – Absent 1 – Suspected 2 – Present

Bowel 
Perforation

0 – Absent 2 – Present

We will track date and time of 

photographs and bedside 

scoring. 

Tertiary Outcomes (cont’d)
Bowel Injury Score



 RCT

 Data bank

 Consent patients for continued 

prospective data collection up to 

5 years

 Further opportunity for long-term 

neurodevelopmental outcomes

 Biobank (blood sample)

BANK

RCT

Two consents/Protocols



Study Status:



 Centers enrolling:  26   

 Patients screened: 76

 Patients consented: 44 

 Patients completed: 27

Study Status: (n = 800)



Assembled, met four times

 Includes each subspecialty:

 Neonatology (Chair)

 MFM

 Pediatric Surgery

 Biostatistics

 Mediator

Data Safety Monitoring Board:



 Funded currently for $1500 stipend per patient enrollment 

 West Foundation Grant  

 WeCARE Grant  

 Pick Foundation Trust Grant

 NIH R01HD104607  Eunice Kennedy Shriver National Institute of Child 

Health & Human Development (NICHD) 

Funding:



 R01 2023:  Long-term Neurodevelopmental outcomes

 Susan Cohen, MD

 R01 2023:  Long-term GI/Motility outcomes

 Katja Kovacic, MD

 R01 2024:  Genetic/Epigenetic basis for gastroschisis

 Honey Reddi, PhD (MCW PML)

 Angie Jelin, MD

Next steps: 



Thank you!
awagner@chw.org



David Saudek, MD
• Pediatric Cardiologist at Children’s Wisconsin since 2007

• Fetal cardiologist at Herma Heart Institute

• Associate professor at the Medical College of Wisconsin

• Earned his medical degree from the Medical College of 

Georgia

• Completed his fellowship at Cleveland Clinic Foundation -

Ohio and Medical College of Wisconsin – Milwaukee

• Dr. Saudek sees patients at the Milwaukee Hospital 

Campus, Neenah Clinic, and New Berlin Clinic



Prenatal Predictors 
of Outcomes in 
Congenital Heart 
Disease

David Saudek, MD

May 24, 2022



Disclosures

None

79



Objectives

• For specific left heart and right 

heart lesions to understand:

• Pre- and post-natal physiology

• Challenges in prenatal prediction of 

post-natal management

• Short and long term outcomes

80

Topics

• Left heart

• RV/LV size discrepancy

• Hypoplastic left heart 
syndrome

• Right Heart

• Tetralogy of Fallot



Fetal Level of Concern

• LOC 1—Well baby nursery
• Testing before discharge

• LOC 2--NICU
• No PGE initially

• Feed ad lib

• LOC 3—NICU
• Start PGE at admission

• High risk feeding protocol

81

• LOC 4--NICU
• Cardiology at bedside

• Cath team on standby(?)

• LOC 5—CICU 
• CICU attends delivery

• Surgical team on standby



Spectrum of Left Heart Hypoplasia
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Baby with Coarctation Baby with Normal Heart
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Quartermain, Journal of the American Society of Echocardiography 
2009;22(11):1296-1301

Ratio of Aortic valve: Pulmonary valve diameter Aortic Arch Diameter



Coarctation Outcomes

• Fetal LOC 1/2

• Nursery vs NICU

• No PGE

• Repair at time of diagnosis

• STS Operative Survival = 98.9%

• Median LOS = 7 days

86
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Hypoplastic Left Heart

• Left ventricle inadequate to support 
systemic circulation

• “Flow equals grow”

• Requires single ventricle palliation
• Norwood procedure—neonate

• Glenn procedure—3-6 months

• Fontan procedure—2-4 years

87



Norwood Procedure

88

• Goals:
1. Unobstructed systemic 

blood flow

2. Limited but adequate 
pulmonary blood flow

3. Unrestricted 
pulmonary venous 
return



Norwood Procedure

89

Either 
or…• Goals:

1. Unobstructed systemic 
blood flow

2. Limited but adequate 
pulmonary blood flow

3. Unrestricted 
pulmonary venous 
return



90

• 549 infants undergoing Norwood 

• 15 pediatric heart centers

• Randomized to RV-PA conduit or BTT 
shunt

• RV-PA conduit had lower mortality at 
12mo

• 26.3% vs 36.4% mortality

• Groups no different beyond 12 mo



• Risk for post-operative mortality
• Genetic syndrome

• Anatomic subtype (non-HLHS)

• Lower Socioeconomic Status

• Obstructed pulmonary veins

91

• Risk for pre-operative mortality
• Major extracardiac abnormality

• Gestational age

• Low birth weight

• Obstructed pulmonary veins



Mortality risk
• Restrictive atrial septum = 3.6x

• AV valve regurgitation >moderate = 3.6x

92
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Jill J. Savla. Journal of the American Heart Association. Impact of Maternal–Fetal Environment 

on Mortality in Children With Single Ventricle Heart Disease, Volume: 11, Issue: 2



Neonatal Approach to HLHS

• Unobstructed pulmonary 
venous return

• Level of Concern 3

• NICU for initial evaluation

• Initiate PGE

• Norwood at 5-7 days

• Concerns for obstructed 
pulmonary venous return

• Level of Concern 5

• NICU and CICU attend delivery

• Surgical team on standby for 

emergent intervention
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Norwood Outcomes

Surgeries at Children’s Wisconsin
n=334

75.2% survival at 20 years

• STS Operative Survival = 88.2%

• Median LOS = 57 days

• CW 1 year transplant-free   

survival = 70% 0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0 5 10 15 20 25

Years since surgery

Kaplan-Meier Survival 
Children’s Wisconsin 2000-2022



Tetralogy of Fallot

Normally 8-10% of 
combined cardiac output 
goes to lungs



Tetralogy of Fallot

If inadequate pulmonary 
blood flow, ductal flow is 
left to right



Predicting Neonatal Intervention

Concerning findings

• Pulmonary valve z-score < -3

• PV/AoV ratio <0.6

• PDA left to right in utero



Neonatal approach to Tetralogy

• Likely adequate pulmonary 
blood flow

• Fetal LOC 1/2

• Watch PDA closure

• Delay surgery until ~6mo

• Likely ductal dependent

• Fetal LOC 2

• Watch PDA closure

• Neonatal intervention
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Tetralogy of Fallot Outcomes

Surgeries at Children’s Wisconsin
n=160

• STS Operative Survival = 98.9%

• Median LOS = 12.6 days

• CW 20 year survival = 93.8%
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Thank 
you!


