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Open Spina 
Bifida

• Failure of dysjunction of the 
neural tube from the ectoderm 
early in fetal life leads to open 
defect with exposed neural 
elements (neural placode)

• Failure of primary neurulation



Open spina bifida



Closed spina bifida

• 10-15% of patients in spina 
bifida clinic

• 1170 out of ~10,000 patients 
in the National Spina Bifida 
Patient Registry (NSBPR)

• Similar management, less 
risk of hydrocephalus



Epidemiology

• 20-25 new cases in WI per year based on 2020 data
3.86 per 10,000 live 

births in USA

• Affected sibling (1-2% risk if prior child has myelomeningocele)

• Decreased maternal folate intake

• Teratogens (valproate and carbamazepine)
Risk factors

• Geographic location

• Maternal diabetes, maternal age, maternal alcohol abuse

Possible 
environmental factors

Mai CT, Isenburg JL, Canfield MA, et al. National population-based estimates for major birth defects, 2010-2014. Birth Defects Res. 2019;111(18):1420-1435.



Epidemiology Prevalence:  3.92/10,000 live births



Global problem

• 300,000 new cases of neural tube 
defect/anencephaly globally per year

• 75% result in abortion, stillbirth or death before age 5.

• Much of this is due to absence of maternal folate

• Global Alliance for the Prevention of Spina Bifida-
–Folate 

• Over 300 countries with no government mandated 
folate fortification.

• Mostly low/middle income
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Consequences of the disease

• Chronic disease that requires lifelong medical care

• High rate of neurogenic bowel and bladder

• High rate of hydrocephalus

• Variable motor and somatosensory deficits dependent on level of 
lesion

• Scoliosis

• Tethered cord syndrome

• Orthopedic deformities

• Can have clinically significant brainstem dysfunction/Chiari II

• Skin breakdown



Two hit 
hypothesis

Neurologic injury to exposed neural 
tissue occurs due to: 

1. Developmental defect itself

2. Exposure of neural elements to 
amniotic fluid

But it’s more complicated than 
that….



Chiari II

• Posterior fossa
• Hindbrain herniation

• Low lying torcular heterophili

• Kinking of brainstem, pontine flexure

• Beaking of the midbrain tectum

• Supratentorial
• Enlarged massa intermedia

• Interdigitation of the cortical sulci

• Hypoplastic falx cerebri

• Colpocephaly



Rationale for 
fetal repair

• Prevention of “second hit” damage 
to neural placode from amniotic 
fluid

• Prevention of secondary cranial 
changes (amelioration of hindbrain 
herniation)



MOMS

• NIH funded, randomized, prospective trial 
of open fetal repair versus standard post-
natal closure

• Enrollment from 2003-2010 at three 
centers

• 183 fetuses were randomized

• Study was halted on interim analysis in 
2010

• One of very few procedures with level I 
evidence



Outcomes

• Primary end-points Secondary end-points
Fetal death Reversal of hindbrain herniation

Spinal fluid shunt Maternal and fetal morbidity

Motor function

Prenatal repair Postnatal repair p value

Shunt placed 40% 82% <0.001

Hindbrain herniation 64% 96% <0.001

Difference between 
function and 
anatomical level >2

32% 12% 0.02

Walk independently 42% 21% 0.01



MOMS long term

• Largely positive outcomes for the 
fetal repair cohort

• More independent

• Sustained improvement in physical 
functioning

• Fewer surgeries

• Similar cognitive outcomes

• Similar urologic outcomes

• Less brainstem dysfunction
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Some concerns

• ? Higher risk of dermal inclusion cyst

• Higher risk of tethered cord syndrome

• ETV/CPC for hydrocephalus enters 
the game

Prenatal Myelomeningocele Closure Is Associated With Higher Risk 

Of Early Detethering Procedure For Tethered Cord- An NSBPR study

Hsin-Hsiao Scott Wang, Tanya Logvinenko, Benjamin Warf, Stuart Bauer, 

Erin McNamara, John Wiener, David Chu, Robin Bowman, Charles Rose, 

Heidi Castillo, Andrew Foy, Kathryn Smith, Alexander Van Speybroack, 

Carlos Estrada



ETV/CPC



Other concerns

• Paucity of long-term outcomes
• MOMS trial is relatively small, highly 

select population

• MOMS trial is NOT a representative 
sample of children with spina bifida

• Lack of outcome (especially long term) 
data beyond MOMS



Disparities in access

• Disparities persist even after MOMS

• PLEASE REFER PATIENTS EARLY TO A FETAL CENTER



Long term outcomes

• Lack of data about long term outcomes
• Will patients treated with fetal surgery have the 

same outcome if not subjected to 
comprehensive monitoring, testing, treatment

• Guidelines for the management of spina 
bifida continue to lack high quality evidence

• Lifespan treatment in a comprehensive 
spina bifida clinic is vital 



Children’s Spina Bifida Clinic

• Medical director in 2019

• Started an iterative, multipronged quality 
improvement project

• Goal: improve our ability to provide consistent, 
coordinated and high-quality care to our patients 
with spina bifida from the prenatal period until 
transition to adult care

• Methods: Bundled approach of quality 
improvement (QI) initiatives similar to the 
bundled interventions to reduce hospital-acquired 
conditions. 



Spina Bifida 
Clinic Efficiency

• New clinic time and 
location

• Electronic tracking board

• Pre-clinic huddle

• Pre-clinic 
neuropsychology 
evaluation appointments



Clinical Care 
Checklist

• Providers review at each 
clinic visit

• Based on SBA Guidelines 
for Clinical Care

• Standardizes patient care

• Guides patient/family 
education



Team 
Engagement

• Clinical Dashboard

• Updated quarterly

• Research/QI Dashboard

• Summary of ongoing projects

• Quarterly Program Team Meetings

• Outside of clinic time

• Includes clinic team and others 
essential to our program such 
as researchers, ambulatory 
leadership, neuropsychology



Clinical 
Dashboard

• Goals

• Transparency of care 
provided

• Team engagement 
and accountability

• Track care provided 
for administrative 
purposes/resources

• Ensure consistent 
care

• Iterative process 



Clinical Dashboard
• What did we learn?

• 1.3-1.7% of ALL outpatient radiology studies throughout 
the hospital system are performed on SBC patients – a 
large volume of imaging on a small patient population

• SBC patients accounted for ~100 operative procedures 
per year at Children’s Wisconsin

• A high no-show rate led to improvements in our pre-
clinic processes, text and phone call reminders 

• Quarterly variations in imaging volume led us to 
standardize our approach to orthopedic and 
neurosurgical imaging, development of a clinical 
checklist to guide care



Spina Bifida Program 
Experience

• Program Coordinator Prenatal 
Visits

• Program Coordinator Inpatient 
Rounds

• Patient Satisfaction Survey



Patient satisfaction – Version 2.0
• What we learned

• Consistency of caregivers 
and wait times are important 
to families

• Often the comments are the 
most helpful for changing 
practices

• Modified the survey to 
include 3 quantitative 
questions and 3 open-ended 
questions

• Survey response rate has 
increased with time



Community 
Outreach

• Cross-Age Peer Mentorship 
Program

• Transition to adult spina bifida 
care 

• Parent advisor

• Partnership with Spina Bifida 
Wisconsin



Results

• The enhanced clinic 
efficiency and 
promotion of the spina 
bifida program 
resulted in a 7.5% 
increase in clinic visits 
from 2021 to 2022. 

• Patient satisfaction 
scores Χ=9.25/10 

Pre-Clinic Huddle
Completed prior to 63% of clinics, ≥4 

specialty teams represented per 

huddle

Pre-Clinic Neuropsych
Pre-clinic slots utilized 29%

Overall evaluations increased 24%

Transition 

Documentation

Completed on 75% of patients  ≥17 

years

Quarterly Team 

Meeting Attendance

18 participants per meeting, 

representation from all specialties and 

variety of disciplines (RNs, MDs, APPs, 

PhDs, social work)

SB RN Prenatal Visits Met with 100% of prenatal patients 

SB RN Inpatient 

Rounding
Rounded on 72% of admitted patients

Mentorship Program Enrolled 22 families (11 matched pairs)

SBWI Representative in 

Clinic

Attended 75% of clinics

Contacted 30 new families



Research
• Spina Bifida Clinical Research Affinity Group at CW

• Fortunate to have access to abundant neuropsychology resources

• Cognitive outcomes remain understudied

• Built clinic data flowsheet into Epic that can be exported and linked to cognitive data

• National Spina Bifida Patient Registry (NSBPR)

• 10,000+ patients

• CDC funded at Children’s Wisconsin since inception (2009)

• Have IRB approved access to all data from our institution

• UMPIRE urology protocol

• CDC funded at CW since 2020

• Elizabeth Roth leading standardization of urodynamics

• Children’s Hospitals Neonatal Consortium (CHNC)

• Fetal myelomeningocele study group

• NAFTNet registry
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What’s next

• Improved adult care
• 60% of the spina bifida population is over the 

age of 18

• Death from complications of spina bifida 
becoming more rare

• Poorly coordinated and inconsistent transition 
and adult care is an ongoing issue around the 
country

• Transition Committee of the AANS/CNS 
Pediatrics Section.  
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Questions

Please reach out with any questions

afoy@mcw.edu

C: 414-520-8430

@abfoy

mailto:afoy@mcw.edu

