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Abstract

Background: Spina bifida (SB) is a relatively common birth defect with the highest prevalence among Hispanics. A
randomized controlled trial (MOMS) demonstrated that prenatal repair yielded improved outcomes compared to postnatal
repair. However, the social determinants of health can significantly impact the overall well-being of affected individuals or
their eligibility for some of these evidenced-based interventions. Methods: We conducted a retrospective observational study to
describe and compare the mean Child Opportunity Index (COIs) scores among patients treated at a free-standing children’s
hospital who underwent either prenatal or postnatal repair of SB from January 1%, 2012, to December 31%, 2021. We excluded
patients with identifiable maternal and fetal contraindications to prenatal repair, as per the MOMS trial eligibility, apart from
those pertaining to socio-economic status. RESULTS: Among a total cohort of 51 fetuses, 86% (n = 44) underwent postnatal
repair for SB, while 14% (n = 7) received prenatal repair. Patients who underwent prenatal repair exhibited lower COI scores
across all domains (education, health, and environment, social and economic) on national, state, and metro levels compared to
the postnatal group. Our cohort showed a higher percentage of primary commercial insurance in the prenatal (fetal) surgery
group (57.14%) versus the postnatal surgery group (47.73%), without attaining statistical significance (p=0.25). Conclusion:
While COI scores across all domains were lower in the prenatal cohort, our data does not suggest a statistically significant
difference between prenatal and postnatal surgery groups. This highlights the need for future studies with larger sample sizes to
further explore and define this relationship.
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1. Introduction

Spina bifida (SB) is a relatively common birth defect, oc-
curring in approximately 1 in 2,500 live births worldwide [1].
However, its prevalence varies widely depending on geo-
graphic location, ethnic group, and other factors. In the United
States alone, it is estimated that roughly 1,500 babies are born
with SB each year. The prevalence of SB is highest among
Hispanics, followed by non-Hispanic Whites and
non-Hispanic Blacks [2]. Additionally, SB is more common
among females than males. SB is a complex condition that can
have significant physical, emotional, and social impacts on
individuals and their families. While medical interventions
can mitigate some of the physical repercussions of SB, the
social determinants of health (SDOH) can significantly im-
pact the overall well-being of individuals with this condition.
It is estimated that the lifetime cost of care for a person with
SB averages around $792,000 [3].

Conventional postnatal repair usually occurs within the first

48 hours of life mainly to prevent infection such as meningitis.

Most people with myelomeningocele have hydrocephalus and
the majority will need a ventriculoperineal shunt placed as an
infant. However, over the last decade, fetal surgery has be-
come increasingly accessible in many countries [4]. In 2011,
the groundbreaking MOMS trial demonstrated clear ad-
vantages of prenatal repair, including lower rates of shunt
placement at 12 months and an enhanced probability of
walking without orthotics at 30 months, albeit with a higher
risk of preterm birth and maternal uterine dehiscence [5].
Subsequent studies have not only reaffirmed these findings
but have also made strides in refining the approach [15].
SDOH encompass the social, economic, and environmental
factors that wield influence over an individual's health out-
comes. These determinants span factors such as income, ed-
ucation, employment, housing, and access to healthcare. For
individuals grappling with SB, these social determinants can
significantly impact their quality of life and their capacity to
access essential healthcare and support services. Socioeco-
nomic factors are recognized as significant hurdles in medi-
cine, with prenatal SB repair exclusion criteria involving
aspects tied to socioeconomic status and resources, including
the availability of post-operative support, the ability of sup-
port person to travel and stay with patient, the feasibility of
temporarily relocating to a new city for fetal surgery, and the
capacity to adhere to post-operative care. Given the estab-
lished advantages of prenatal repair, barriers to such inter-
ventions may bear immediate and lifelong health conse-
quences for children born with SB. These consequences are

28

likely even more severe for children born into un-
der-resourced or racial minority families, which are already
known to experience worse health outcomes compared to
their more privileged counterparts. For instance, Black pre-
term infants exhibit higher risks than White preterm infants of
mortality, sepsis, intracranial hemorrhage, and retinopathy of
prematurity; even after controlling for maternal demographic
and health factors [6]. Among children with complex chronic
conditions, those residing in neighborhoods in the poorest
quintile were more likely than those in the wealthiest quintile
to die or be hospitalized in the year after their discharge from
neonatal inpatient care [7]. In SB patients under 21 years of
age, non-Hispanic Black patients, and patients without private
insurance (a marker of high socioeconomic status) were less
likely to achieve continence (both urine and stool) compared
to patients of other races and those with private insurance.
Those with private insurance were also more likely to be
ambulatory (with or without orthotic aids) than those with
public insurance [8]. Hispanic and Latino SB patients be-
tween the ages of 5 and 21 years were also less likely to have
fecal continence than non-Hispanic and non-Latino patients
[9].

The Child Opportunity Index (COIl) is a measure of the
opportunities available to children based on various factors
such as education, healthcare, and economic conditions. The
COI boasts several advantages, including its enhanced pre-
dictive validity, comprehensive measurement of neighbor-
hood quality/resources for children, efficiency, and capacity
to better capture racial/ethnic disparities in neighborhood
opportunity [16]. The COI score ranges from 0 to 100, with
higher scores indicating greater opportunities for children [10].
Neighborhoods are categorized into five groups, each com-
prising 20% of the child population, based on domain average
or overall average z-scores (very low, low, moderate, high,
very high; 0-20, 21-40,41-60,61-80,81-100, respectively).
The COI v 2.0 which was employed, focuses on neighborhood
features pertinent to today’s children, provides granular data
on nearly all U.S. neighborhoods (over 72,000 census tracts),
offers data that is comparable across neighborhoods and over
time (2010, 2015) and demonstrates good predictive validity
compared to similar metrics.

Understanding the SDOH in SB becomes paramount in
improving the overall well-being of individuals with this
condition. By scrutinizing the multifaceted factors influenc-
ing health outcomes, researchers, healthcare providers, and
policymakers can collaboratively develop interventions and
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policies to address SDOH and improve outcomes for SB
individuals. In this study, we aim to gain a deeper under-
standing of the relationship between socioeconomic status to
choose of surgical repair route—prenatal versus postna-
tal—and ascertain whether nationally normed indicators of
SES, as exemplified by the COI, correlate with the ultimate
route of repair.

2. Methods

2.1. Study Participants and Design

A retrospective observational study was conducted with
the aim of comparing the mean COI scores among patients
followed in the Spina Bifida Clinic at Nationwide Children’s
Hospital (NCH) who underwent either prenatal or postnatal
repair of SB. Inclusion criteria consisted of all new patients
diagnosed with SB (Q05.9) at NCH’s Spina Bifida Clinic
who underwent either postnatal or prenatal repair from Janu-
ary 1%, 2012, to December 31%, 2021. We excluded patients
with diagnoses of SB occulta, chromosomal anomalies, or
syndromic conditions. Additionally, patients with contrain-
dications to prenatal repair, as specified by the MOM’s trial
eligibility criteria, were also excluded. These contraindica-
tions encompassed factors such as maternal insu-
lin-dependent pregestational diabetes, short cervix, cervical
cerclage, placenta previa, body mass index (BMI) of 35 or
more, previous spontaneous delivery prior to 37 weeks, ma-
ternal HIV, hepatitis B or hepatitis C positivity, uterine
anomaly, maternal medical contraindications to surgery or
general anesthesia, or other fetal anomalies. The Institutional
Review Board at NCH reviewed and approved this retro-
spective study. Among the 121 patients with a prenatal SB
diagnosis, 12 declined participation in research studies, 56
did not meet the inclusion criteria, and data for 2 patients
were incomplete.

2.2. Measure of Interest

Community-level determinants of health, such as neigh-
borhood resources and living conditions that affect children,
are captured in the COI. The COI compiles a composite in-
dex at the census tract level. Data for the COI were collected
in 2010 and again in 2015. COI scores provide indications of
features within the neighborhood that can be applied to
helping children develop in a healthy manner. COI scores are
nationally normed and range from 1 to 100 with lower scores
indicating low opportunity for a child and higher scores in-
dicating higher opportunity.

2.3. Data Collection

Census tract data for each patient in 2015 were matched
with publicly available COI data from the COI2.0 database
using unique geographic identifiers (GEOIDs) assigned by
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the US Census Bureau. This dataset included indices for
three domains: educational opportunity, health and environ-
mental opportunity, and social and economic opportunity,
with a total of 29 indicators. Subgroups within the education
domain include early childhood education, elementary edu-
cation, secondary and postsecondary education, and educa-
tional and social resources. Subgroups within the health and
environment domain include healthy environments, toxic
exposures, and health resources. Subgroups within the social
and economic domain included economic opportunities and
economic and social resources. Metro, state, and national
normed Z-scores for each domain was utilized.

2.4. Independent Variables

Fetal characteristics were extracted manually from review
of the electronic medical records and compiled for analyses.
These characteristics included fetal race, gestational age,
birth weight, birth length, and presence of the following in-
dications: ventriculomegaly, hindbrain herniation (Chiari 1l
malformation), club feet, age when the repair was conducted,
NICU length of stay, age at initial myelomeningocele visit,
no show rate, and whether the patient resided in one of the
100 largest metropolitan areas. Maternal characteristics in-
cluded all demographic information, as well as delivery de-
tails such as delivery type, prior C-sections, nulliparity, and
access to transport.

2.5. Statistical Analysis

Descriptive analyses were conducted, presenting categori-
cal data as counts and proportions, while continuous data
were described using mean and standard deviation for para-
metric data and median and interquartile range for
non-parametric data. Normality distribution was assessed
through histograms, QQ plots, skewness, kurtosis, and the
Shapiro-Wilk test. Bivariate analyses employed Chi-square
or Fisher's exact tests for categorical variables and T-tests or
Wilcoxon tests for parametric and non-parametric continuous
data, respectively. Generalized linear model using the identi-
ty link function was used to estimate mean COI scores as
well as differences in scores between postnatal and prenatal
repair types. Findings were determined to be statistically
significant at p < 0.05. All statistical tests were conducted
using SAS Enterprise version 8.1 and Stata 16.0. Figures
drafted looking at COl scores by domain among both prena-
tal and postnatal repair type were conducted on Microsoft
Excel 365.

3. Results

3.1. Participant Characteristics

Out of a total cohort of 51 fetuses, 86% (n = 44) had post-
natal repair for SB while 14% (n = 7) had repair performed
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prenatally. The median gestational age at birth was 266 days
(IQR 259, 274) and mean birth weight was 3204.5 grams
(SD = 590.63). A total of 32 (63%) of patients were diag-
nosed with ventriculomegaly, 39 (76%) with hindbrain her-
niation (Chiari 1l malformation), and 17 (33%) were ob-
served to have club feet. Patients who received postnatal
repair were born, understandably at a significantly higher
gestational age, with a median age of 269.5 days (IQR 264,
274), compared to 243 days (IQR 223, 259) for those who
received prenatal repair (p = 0.0001). Postnatal repair was
performed at a median age of 1 day (IQR 1, 1) while patients
who received prenatal repair had it performed at a median
gestational age of 24 weeks and 6 days. Other fetal charac-
teristics did not significantly differ between the two repair
groups (p > 0.05). Similarly, there were no significant dif-
ferences in maternal characteristics between the repair
groups (p > 0.05) (Table 1).

3.2. Child Opportunity Index (COI) Scores

Overall, patients who received prenatal repair had lower
COl scores across all domains on national, state, and metro
levels. Differences in COIl scores between both patient
groups were more minimized when examined on a metropol-
itan level (Figure 1).

3.2.1. National Level Analysis

COl scores among all domains did not differ significantly
between the postnatal and prenatal groups (P > 0.05) on a
national level. On a national scale, COI scores for patients
who received postnatal repair were higher than those who
received prenatal repair by 6.05 points (95% CI [-14.11,
26.2]) among the education domain, 3.58 points (95% CI
[-14.58, 21.74]) among the health and environment domain,

8.08 points (95% CI [-15.83, 31.99]) among the social and
economic domain, and 7 points (95% CI [-15.35, 29.35]) for
the overall COI domain. Findings did not indicate statistical
differences between both repair groups, however (p > 0.05)
(Table 2).

3.2.2. State Level Analysis

Similarly, COI scores at the state level did not differ sig-
nificantly between patients who underwent postnatal repair
and those who underwent prenatal repair (p > 0.05). On av-
erage, patients in the postnatal repair group had slightly
higher COI scores compared to the prenatal repair group:
6.65 points higher (95% CI [-13.66, 26.95]) in the education
domain, 5.91 points higher (95% CI [-15.61, 27.43]) in the
health and environment domain, 8 points higher (95% CI
[-14.59, 30.57]) in the social and economic domain, and 7.84
points higher (95% CI [-14.27, 29.94]) in the overall COI
domain (Table 2).

3.2.3. Metropolitan Level Analysis

At the metropolitan level, COI scores did not show signif-
icant differences between patients in both repair groups (p >
0.05). However, estimate differences between patients of
both repair types were smaller in scale compared to national
and state levels. Compared to patients who had prenatal re-
pairs, patients who received postnatal repairs on average had
3.29 points higher (95% CI [-19.63, 26.22]) among the edu-
cation domain, 2.7 points (95% CI [-25.03, 30.43]) among
the health and environment domain, 1.51 points (95% CI
[-26.1, 29.11]) among the social and economic domain, and
2.02 points (95% CI [-24.51, 28.55]) among the overall COI
domain (Table 2).

Table 1. Fetal and maternal characteristics among spina bifida patients by type of repair.

Repair
Total
n=51
100%
Characteristic n (%)
Fetal
Race
White 43 (84.31)
Black 5(9.8)
Multiracial 2 (3.92)
Asian 1(1.96)

Gestational age at birth, d, median (IQR) 266 (259, 274)

Postnatal Prenatal

n=44 n=7

86.27% 13.73%

n (%) n (%) P value
37 (84.09) 6 (85.71) 0.722
4 (9.09) 1(14.29)

2 (4.55) 0(0)

1(2.27) 0 (0)

269.5 (264, 274) 243 (223, 259) 0.0001
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Repair

Total Postnatal Prenatal
Birth weight, g, mean (SD) 3204.53 (590.63) 3297.70 (439.89) 2618.86 (1027.83) 0.133
Birth length, cm, mean (SD) 48.02 (3.47) 48.56 (2.82) 44.69 (5.23) 0.0994
Ventriculomegaly (at presentation) 32 (62.75) 25 (56.82) 7 (100) 0.028
Hindbrain Herniation (Chiari) (at presentation) 41 (80.39) 34 (77.27) 7 (100) 0.160
Club Feet 17 (33.33) 13 (29.55) 4 (57.14) 0.203
Resides in one of the 100 largest metro areas 33 (70.21) 28 (70) 5(71.43) 1
Age at repair, d, median (IQR) 11,1
Gestational age at prenatal repair, d, median (IQR) 24w6d (24w4d, 25w3d)
NICU length of stay, d, median (IQR) 15 (11, 21) 13.5 (11, 20) 19 (6, 27) 0.6026
Initial postnatal follow-up visit age, d, median (IQR) 30 (23, 46) 29 (23.5, 46) 30 (22, 51) 0.8159
No show rate, median (IQR) 0.03 (0.01, 0.06) 0.03 (0.01, 0.07) 0.03 (0.01, 0.06) 0.8997
Maternal
Race
White 45 (88.24) 39 (88.64) 6 (85.71) 1
Black 6 (11.76) 5 (11.36) 1(14.29)
Non-Hispanic 51 (100) 44 (100) 7 (100) -
Delivery type
Cesarian 47 (92.16) 40 (90.91) 7 (100) 1
Vaginal 4 (7.84) 4(9.09) 0 (0)
Prior C-section (n = 28) 7 (25) 7 (28) 0 (0) 0.551
Nulliparity 18 (35.29) 15 (34.09) 3 (42.86) 0.686
Initial insurance
Commercial 25 (49.02) 21 (47.73) 4 (57.14) 0.251
Medicaid 24 (47.06) 22 (50) 2 (28.57)
Other (Tricare) 2 (3.92) 1(2.27) 1(14.29)
Insurance at discharge
Public 26 (50.98) 24 (54.55) 2 (28.57) 0.261
Private 20 (39.22) 15 (34.09) 5 (71.43)
Combined 5(9.8) 5 (11.36) 0(0)
Access to transportation 48 (94.12) 41 (93.18) 7 (100) 1

D = Days; IQR = Interquartile range; g = Grams; SD = Standard deviation
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Table 2. Mean child opportunity index scores among spina bifida patients who received either postnatal or prenatal repair.

Repair type
Total Postnatal Prenatal *Difference
P value
Variable mean (SD) mean (SD) 95% ClI mean (SD) 95% CI Estimate 95% CI

Population (# of

- 1341.10 (757.58) 1383.41 1164,1602.82 1075.14  525.05, 1625.24 308.27 -283.98,900.51 0.3076
children ages 0-17)

Nationally normed

Education 47.22 (25.6) 48.05 40.58,55.51 42 23.28,60.72 6.05 -14.11, 26.2 0.5565
Health and environment 52.37 (23.03) 52.86 46.14,59.59 49.29 32.42,66.15 3.58 -14.58,21.74  0.6994
Social and economic 56.69 (30.4) 57.8 48.94,66.65 49.71 27.51,71.92 8.08 -15.83,31.99 0.5076
Overall COI 54.04 (28.41) 55 46.72,63.28 48 27.24,68.76 7 -15.35,29.35 0.5393

State normed

Education 54.45 (25.82) 55.36 47.84,62.89 48.71 29.85,67.58  6.65 -13.66,26.96  0.5211
Health and environment 56.67 (27.33) 57.48 495,65.45 5157 31.58, 71.56 5.91 -15.61, 27.43  0.5907
Social and economic 54.18 (28.73) 55.27 46.91, 63.64 47.29 26.31,68.26  7.99 -14.59,30.57  0.4881
Overall COI 54.33 (28.12) 55.41 47.22,63.6  47.57 27.04, 68.10 7.84 -14.27,29.94  0.4871

Metro normed

Education 49.4 (24.5) 49.89 40.97,58.82 46 25.48,67.72 3.29 -19.63,26.22 0.7783
Health and environment  50.09 (29.61) 50.5 39.71,61.29 478 22.26,73.34 2.7 -25.03,30.43 0.8486
Social and economic 49.88 (29.47) 50.11 39.36,60.85 48.6 23.17,74.03 151 -26.1, 29.11 0.9148
Overall COI 49.52 (28.32) 49.82 39.5,60.15 47.8 2337,72.23  2.02 -24.51,28.55 0.8813

*Prenatal is reference group

Mean child opportunity index score by education, health and environment, social and economic domains, and overall child
Opportunity index for total cohort, patients who received prenatal repair, and patients who received post natal repair. A=
nationally normed scores; B = state normed scores; C = metro normed scores.

Figure 1. Nationally normed (A), state normed (B), and metro normed (C) child opportunity scores among all spina bifida patients who re-
ceived either postnatal or prenatal repair in the NCH Myelomeningocele clinic from January 1, 2012 to December 31, 2021.
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4. Discussion

4.1. Main Findings

The study revealed that there is no statistically significant
difference in socioeconomic status, as indicated by the
Childhood Opportunity Index (COI), between prenatal and
postnatal repair cohorts in our subject population. A higher
percentage of prenatal patients had private insurance com-
pared to public insurance. However, patients who received
prenatal repair in general had lower COIl scores across all
domains on national, state, and metro levels. Interestingly, the
differences in COI scores between both patient groups were
less pronounced when examined at the metropolitan level
alone.

4.2. Interpretation of Results

The cohort demonstrated a higher percentage of initially
reported primary commercial insurance in the prenatal (fetal)
surgery group (57.14%) compared to the postnatal surgery
group (47.73%), although this difference was not statistically
significant (p=0.25). Additionally, at discharge, a higher per-
centage of patients with public insurance underwent postnatal
repair (54.55%) compared with those with prenatal repair
(28.57%), although this difference also did not attain statis-
tical significance (p=0.26).

The association between prenatal surgery and private in-
surance status can be rationalized by the increased costs as-
sociated with relocation, travel to imaging centers and fetal
care offices, and childcare, which are often deemed as "med-
ically unnecessary care" and may not be covered by insurance
providers. As such, it is logical to associate prenatal repair
groups with private insurance to accommodate for the higher
expenses associated with prenatal repair. Indeed, Foy et al.
showed a positive correlation between private insurance status
and fetal surgery [11]. Fabelo et. al. also found that between
prenatal and postnatal patients, there were significant differ-
ences in influence of insurance coverage and costs of reloca-
tion and travel on the choice of procedure. Specifically,
postnatal patients reported more influence from associated
costs and less influence from insurance coverage of the pro-
cedure, with higher influence in respondents with Medicaid
[12]. More so, the role of costs in this cohort of patients, who
were overwhelmingly postnatal, could not be over empha-
sized given, the universal need to relocate outside of the city
to avail of opportunities of prenatal surgical interventions.
These findings match what has been found in the literature to
date, regarding insurance status and choice of repair in SB.

This study introduces the novel use of the COI as a surro-
gate for socioeconomic status in the context of maternal-fetal
surgery. Although findings did not rise to the level of statis-
tical significance, the COIl revealed the prenatal surgery co-
hort had slightly lower scores across all domains. While the
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data is limited by a small sample size, this finding is contrary
to the expectation that higher socioeconomic status would be
associated with prenatal repair for SB. Especially given the
premise that lower COIl scores are associated with limited
access to care and consequently associated surgical proce-
dures, particularly those as involving as fetal surgery. The
discrepancy may be due to a subset of patients who underwent
prenatal repair outside of region and continued to receive
postnatal care outside of network, possibly representing a
more affluent group that wasn't captured by local spina bifida
clinic data. Additionally, the disparity in this study findings of
the association of low COI with prenatal repair, compared to
some earlier studies, may be an unlikely reflection of minimal
capture of true socioeconomic variables in studies involving
Maternal-Fetal surgery as alluded to in a recent study [13].

Few prior studies have specifically examined the socio-
demographic characteristics of myelomeningocele patients
beyond insurance coverage. The MOMs trial showed patients
in the fetal surgery cohort had a higher degree of social sta-
bility, racial homogeneity, and higher education. Additionally,
Wilpers et. al. examined 112 maternal-fetal surgery studies
and found extremely poor quality of sociodemographic re-
porting among MMC disease groups [13].

Harbert et. al., recently published findings suggesting that
an additional unmeasured social factor may affect the rela-
tionship between insurance status and eligibility for open
maternal fetal surgery. In their study, fetal surgery cohorts
were found to be homogenous and not representative of the
total population of patients affected by SB. They also found
Medicaid or uninsured status were significantly associated
with ineligibility for OMFS, despite insurance status not be-
ing considered in determining eligibility [14]. With the patient
cohort showing a disparity between insurance status and a
proven index of socioeconomic status between prenatal and
postnatal surgical groups, vis-avis insurance type, it con-
tributes additional data to the literature that questions how
accurately insurance type can be used as a surrogate for so-
cioeconomic status. It therefore remains unknown whether
patients with fetal repair of myelomeningocele have under-
lying socioeconomic differences that may contribute to
post-surgical outcomes. Further research with increased pre-
natal cohort sizes is needed to answer this question.

4.3. Strengths and Limitations

The main strength of this study is the use of the COl as a
standardized measurement for SDOH. The scores used in the
COl can capture a wide variety of social and economic factors
that offer significantly more information compared to the
commonly used surrogate of SDOH, insurance type. Addi-
tionally, since these scores are metro, state, and nationally
normed, our data can be extrapolated to the general US pop-
ulation and, although not perfect, is more representative of
population of interest than prior studies.
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However, thisstudy also has limitations, including its ret-
rospective single-center design and small sample size. This
institution does not yet have the number of operations needed
to supply a robust prenatal cohort size. This is more telling
among the prenatal surgery cohort, which were underrepre-
sented given the erstwhile unavailability of Fetal intervention
prior to establishment of the fetal center. Additionally, multi-
ple patients were excluded due to non-participation in re-
search and inability to obtain certain variables from the ret-
rospective chart review.

5. Conclusion

In conclusion, although COI scores across all domains were
lower in the prenatal cohort, our data did not demonstrate a
statistically significant difference between prenatal and
postnatal surgery groups. The small sample size likely influ-
enced these results, highlighting the need for future studies
with larger cohorts to further investigate and define the rela-
tionship between socioeconomic status and the choice of
repair for Spina Bifida.
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