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Abstract

AIM—To compare the frequencies of neurosurgical procedures to treat comorbid conditions of 

myelomeningocele in patients who underwent fetal surgery versus postnatal surgery for closure of 

the placode.
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METHOD—By utilizing the National Spina Bifida Patient Registry in a comparative effectiveness 

study, 298 fetal surgery patients were matched by birthdate (±3mo) and spina bifida clinic site 

with one to three postnatal surgery patients (n=648). Histories were obtained by record review 

on enrollment and yearly subsequently. Multivariable Poisson regression was used to compare 

frequencies of procedures between cohorts, with adjustments for sex, ethnicity, insurance status, 

spinal segmental level of motor function, age at last visit recorded in the Registry, and, for shunt 

revision in shunted patients, age at cerebrospinal fluid (CSF) diversion.

RESULTS—The median age at last visit was 4 years. In fully adjusted analyses in patients aged 

at least 12 months old, fetal surgery was associated with decreased frequency of CSF diversion 

for hydrocephalus by ventriculoperitoneal shunt insertion or endoscopic third ventriculostomy 

compared with postnatal surgery (46% vs 79%; incidence rate ratio=0.61; 95% confidence interval 

[CI] 0.53–0.71; p<0.01). Over all ages, fetal surgery was associated with decreased frequency 

of Chiari decompression for brainstem dysfunction (3% vs 7%; incidence rate ratio=0.41; 95% 

CI 0.19–0.88; p=0.02). Also over all ages, differences were not significant in frequencies of 

shunt revision in shunted patients (53% vs 55%; incidence rate ratio=0.87; 95% CI 0.69–1.11; 

p=0.27), nor tethered cord release for acquired spinal cord dysfunction (18% vs 16%; incidence 

rate ratio=1.11; 95% CI 0.84–1.47; p=0.46).

INTERPRETATION—Even with the variations inherent in clinical practice, fetal surgery was 

associated with lower frequencies of CSF diversion and of Chiari decompression, independent of 

covariates.

Myelomeningocele, perhaps better called spina bifida aperta (see Appendix S1, online 

supporting information for a full explanation), is caused by failure of the caudal neuropore 

to close during embryological neurulation. This results in a midline defect in mesoderm­

derived tissue (bone, muscle, and dura), through which the atypically formed spinal cord and 

leptomeninges protrude.1,2

Traditionally myelomeningocele has been treated by postnatal closure of the placode. Its 

comorbid conditions of hydrocephalus, the Chiari II malformation, and spinal cord tethering 

often require subsequent neurosurgical procedures.3

Cerebrospinal fluid (CSF) diversion is used to treat hydrocephalus. Insertion of a 

ventriculoperitoneal shunt (henceforth, shunt) was the only procedure used for this for 

decades, but it has risks of shunt dysfunction and infection.3 A newer option for 

CSF diversion, endoscopic third ventriculostomy (ETV), was developed to avoid the 

complications of shunting.4

The Chiari II malformation is a congenital brain anomaly associated with 

myelomeningocele. Its principal features are abnormalities of the midbrain, cerebellum, 

and brainstem, and herniation of the cerebellar vermis, cerebellar tonsils, and medullary 

elements through the foramen magnum into the cervical spinal canal (henceforth, hindbrain 

herniation). These abnormalities are thought to result from changes in vectors of fetal brain 

growth that are caused by continuous CSF venting out the open neural tube defect.5 In 

some cases, the Chiari II malformation manifests with symptoms of brainstem dysfunction. 

Surgical decompression of the posterior fossa (Chiari decompression) benefits selected 

WORLEY et al. Page 2

Dev Med Child Neurol. Author manuscript; available in PMC 2021 November 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



patients with a symptomatic Chiari II malformation.3 Tethering of the spinal placode to the 

overlying scar after myelomeningocele closure can lead to progressive worsening of spinal 

cord function and/or intractable pain that requires surgical release of the tethered cord.6 

Shunt dysfunction and infection necessitate shunt revision.3 The neurosurgical procedures 

are only performed on patients with signs, symptoms, or other indications related to each 

condition. Therefore, in a large sample, their frequencies can be used as surrogates for the 

frequencies of the conditions themselves.

Fetal surgery for closure of myelomeningocele was first successfully performed in 1997.7,8 

The surgical technique used was similar to postnatal surgery, but was done at 23 to 26 

weeks gestational age through a hysterotomy.8 It is thought by most that fetal surgery 

eliminates CSF venting, normalizes CSF pressure dynamics, and thereby normalizes fetal 

brain growth patterns. This more typical pattern of brain growth in turn reverses fetal 

hindbrain herniation, relieving obstruction to CSF flow and thus preventing hydrocephalus.9

Early experience with fetal surgery suggested that it decreased frequencies of CSF diversion 

and imaging evidence of the Chiari II malformation. However, it also increased risks 

of preterm delivery and uterine dehiscence.10,11 A randomized controlled trial of fetal 

surgery versus postnatal surgery was conducted to determine if the benefits of fetal surgery 

outweighed the risks. The Management of Myelomeningocele Study (MOMS) was funded 

by the National Institutes of Health12 and ran from 2003 to 2010. Enrollment in the MOMS 

was stopped early, for proof of efficacy of fetal surgery.13

Analysis of the MOMS participants aged at least 12 months old confirmed that fetal surgery 

was associated with a lower frequencies of CSF diversion13–15 and hindbrain herniation on 

magnetic resonance imaging, but that the risks of preterm birth and of uterine dehiscence 

were higher.13

While the MOMS clearly showed the benefit of fetal surgery for some outcomes, the 

trial was performed in selected participants at the three most experienced centers, raising 

questions about the generalizability of the MOMS findings to other fetal surgery centers.2 

Since the MOMS results were published in 2011,13 fetal surgery for myelomeningocele 

has become widely utilized in the United States and around the world, but there are still 

divergent opinions about its value among pediatric neurosurgeons.16 Since 2011, there have 

been only four single-institution, retrospective, case–control studies comparing frequencies 

of neurosurgical procedures in fetal surgery and postnatal surgery patients.17–20 Therefore, 

we sought to determine if relevant findings of the MOMS could be generalized to a larger, 

broader, and less selected patient population, a study made possible by using the National 

Spina Bifida Patient Registry (NSBPR).

The NSBPR is maintained and directed by the Centers for Disease Control and Prevention 

with the goal of improving the care of people with spina bifida through clinical 

research.21–25 It is the largest clinical database of patients with spina bifida in the world. 

Through 2017, the NSBPR had 35 participating clinics and had enrolled 8662 patients with 

all forms of spina bifida. From its inception, its purpose has been to provide nationwide data 

to study the clinical characteristics of patients with spina bifida, the treatments used for their 

WORLEY et al. Page 3

Dev Med Child Neurol. Author manuscript; available in PMC 2021 November 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



comorbidities, and the outcomes of their treatments.21 Because of its large sample size and 

the involvement of so many spina bifida clinics, the NSBPR is well suited to study typical 

outcomes in patients with myelomeningocele.24–26

A randomized controlled trial, like the MOMS, determines the efficacy of an intervention 

under ideal conditions. A comparative effectiveness study determines if a new intervention 

changes outcomes in the ‘real world’, outside of the ideal conditions of a randomized 

controlled trial. Comparative effectiveness studies are necessary because indications for 

interventions evolve in clinical practice27 in known and unknown ways, resulting in clinical 

variations, in contrast to the rigid exclusion and inclusion criteria of a randomized controlled 

trial. Patient registries can be used for comparative effectiveness studies.27

Variations by fetal surgery center in fetal surgery exclusion criteria have arisen since 2011, 

becoming less stringent today than they were during the MOMS.28 Two types of fetal 

surgery are now done for placode closure: via hysterotomy and by fetoscopy. Variations 

also exist in postnatal management. Frequencies of CSF diversion and Chiari decompression 

vary among spina bifida clinics that participated in our study25,26 and two types of CSF 

diversion are now used to treat hydrocephalus: shunt insertion and ETV. These variations are 

all justifications for our comparative effectiveness study.

The aim of this study was therefore to utilize the NSBPR to evaluate the comparative 

effectiveness of fetal surgery and postnatal surgery in patients with myelomeningocele 

for CSF diversion (shunt insertion or ETV), shunt revision in shunted patients, Chiari 

decompression, and tethered cord release. Outcomes were assessed in time frames consistent 

with those used by the MOMS (age ≥12mo for assessment of CSF diversion status and at 

any age for other outcomes).

METHOD

Each of the individual spina bifida clinics that contributed data to this study obtained 

approval from its own institutional review board. There was no multisite institutional 

review board approval. The standard methods used by the NSBPR for institutional 

review board approval, data collection, data management, and data quality control have 

been described previously21–24,26 and are presented in detail in Appendix S2 (online 

supporting information). Assessment of category of spinal segmental level of motor function 

(henceforth, motor level) was done by a standard physical examination at the last visit 

recorded in the NSBPR (Appendix S2).

Patients could be enrolled at any age. Medical and surgical histories were collected 

retrospectively by record review on enrollment and then prospectively once per year 

subsequently. Previously incomplete histories could be supplemented at any visit, making 

the history at the last visit both the most up to date and most complete. Data analyzed for 

this study were collected and entered from 2009 through 2017.

The primary outcome was the frequency of CSF diversion. This variable combined shunt 

insertion alone, ETV alone, and the combination of ETV and shunt insertion. Secondary 

outcomes were frequencies of shunt revision in shunted patients (which included patients 
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with shunt insertion alone or with the combination of ETV and shunt insertion), Chiari 

decompression, and tethered cord release.

The study population was drawn from all patients with myelomeningocele born from 1997, 

the year of the first successful fetal surgery,7,8 through 2017. Each fetal surgery patient was 

matched with one to three postnatal surgery patients by date of birth (±3mo) and by spina 

bifida clinic site of care. If more than three postnatal surgery patients could be matched with 

a fetal surgery patient, three postnatal surgery patients were randomly selected from among 

those who matched. Fetal surgery patients for whom there were no matching postnatal 

surgery patients were excluded. The entire study population was used for all analyses, 

with these exceptions: (1) for comparisons of the frequencies of CSF diversion, the study 

population was limited to fetal surgery patients and matched postnatal surgery patients who 

were both at least 12 months old at the last visit, the age used for first their analysis by the 

MOMS;6,10 and (2) for comparison of frequencies of shunt revision ever (henceforth, shunt 

revision), the study population was limited to patients who had had a shunt inserted.

Statistical analyses

Fisher’s exact test was used to compare the proportion of fetal surgery in patients born in 

two eras, based on when the results of the MOMS were published: (1) January 1997 through 

December 2010, and (2) January 2011 through December 2017. Fisher’s exact test was also 

used to test associations of the distributions of motor levels with CSF diversion frequency in 

each cohort.

Univariable Poisson regression with robust variance estimators conditioning on the matched 

pair was used to evaluate both the differences in frequencies of sociodemographic 

characteristics and motor levels between cohorts, as well as the associations of each 

sociodemographic covariate with the frequency of each of the four neurosurgical procedures. 

A similar analysis was done for categories of motor levels with the frequencies of all 

four outcomes. Univariable linear regression conditioning on the matched pair was used to 

compare the age at last visit recorded in the NSBPR and age at CSF diversion in the two 

cohorts.

Multivariable Poisson regression with robust variance estimators conditioning on the 

matched pair was used to evaluate the differences in frequencies of outcomes between the 

cohorts after adjusting for covariates. Covariates included in the models were determined a 

priori: male sex, non-Hispanic white ethnicity, private insurance, motor level, and age at last 

visit recorded in the NSBPR. For the outcome of shunt revision among shunted patients, age 

at initial CSF diversion was also included as a covariate.

The Poisson regression method was used instead of logistic regression because the odds 

ratio obtained using logistic regression overestimates the risk ratio when the outcome is not 

rare (>10%), which was the case for multiple outcomes.29–32 Results of regression analyses 

are presented as incidence rate ratios or coefficients with 95% confidence intervals (CIs); 

p-values less than 0.05 were considered significant. Analyses were conducted using Stata 

version 16.0 (Statcorp, College Station, TX, USA).
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RESULTS

Of the 8662 patients enrolled in the NSBPR through December 2017, 6410 patients were 

born in 1997 or later and, of these, 4872 had myelomeningocele. From these, 321 fetal 

surgery patients were identified. Relative to the number of patients enrolled in the NSBPR 

at the time, the proportion of fetal surgery patients increased significantly after results of the 

MOMS were reported in 201113 (Fig. 1). Of the 321 fetal surgery patients, 298 patients were 

matched for date of birth and spina bifida clinic site to 648 postnatal surgery patients at 25 

spina bifida clinic sites of care, and the remaining 23 unmatched fetal surgery patients were 

excluded from analysis. Figure S1 (online supporting information) presents the distribution 

of patient in the study by spina bifida clinic site.

The fetal surgery cohort was more likely to be non-Hispanic white and to have private 

insurance, and was less likely to be non-Hispanic black or Hispanic. Sex distribution was not 

different between the two cohorts (Table 1). Demographics of the 23 fetal surgery patients 

excluded from analysis were similar to those included (48% male, 82% non-Hispanic 

white, and 65% with private insurance). In addition, we found that every sociodemographic 

characteristic, except male sex and Hispanic ethnicity, was significantly associated with at 

least one outcome in the whole study population (Table S1, online supporting information).

Relative to the frequency of having a sacral motor level, fetal surgery patients had lower 

odds ratios of having either a thoracic or a high lumber motor level than did the postnatal 

cohort (Table 1). In addition, in unadjusted analyses, more rostral motor levels were related 

to greater frequencies of CSF diversion and of Chiari decompression (Table S2, online 

supporting information). For both cohorts individually, the distribution of motor level 

categories was significantly associated with frequency of CSF diversion (Table S3, online 

supporting information).

The median age at last visit of the cohort was 4 years (25th–75th centile: 1y 8mo–11y 4mo) 

and mean age was 6 years 4 months. Mean ages were not significantly different between 

cohorts (Table 1). The median age at first CSF diversion was 91 days (30–153d) for the fetal 

surgery cohort, compared with 0 days (0–31d) for the postnatal surgery cohort (p=0.03). 

We therefore adjusted for age at CSF diversion in the analysis of shunt revisions in shunted 

patients; this was not applicable to other analyses.

We found that the frequencies components of the CSF diversion variable were: shunt only 

86 out of 239 (36%); ETV only 14 out of 239 (6%); and both ETV and shunt 10 out of 239 

(4%). In adjusted analyses, fetal surgery was associated with a significantly lower risk of 

CSF diversion and of Chiari decompression. The differences in frequencies between cohorts 

were not significant for tethered cord release or for shunt revision in shunted patients (Table 

2).

DISCUSSION

Our comparative effectiveness study found that CSF diversion frequency at age 12 months or 

older was lower after fetal surgery (46%) than after postnatal surgery (79%), in concordance 

with the main finding of the MOMS. It thereby directly and independently addressed 
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the generalizability of this MOMS finding. Fetal surgery has been found to reverse 

fetal hindbrain herniation more frequently than postnatal surgery.13,15,20 Reversal of fetal 

hindbrain herniation was associated with absence of postnatal hydrocephalus, suggesting a 

mechanism for the lower frequency in CSF diversion frequency after fetal surgery.20 Neither 

Tulipan et al.,14 reporting results from the MOMS, nor Flanders et al.20 found an association 

between anatomic levels of lesion and CSF diversion frequency in either their fetal surgery 

cohort, or in their postnatal surgery cohort. In contrast, we found significant associations 

between distributions of patients in categories of motor levels and CSF diversion frequencies 

in both cohorts (Table S3). We therefore adjusted for category of motor level in this 

analysis. In common with previous reports,10,20 we found that the age at CSF diversion 

was significantly older in fetal surgery patients.

We found a significantly lower frequency of Chiari decompression after fetal surgery (10 out 

of 298, 3%) than after postnatal surgery (45 out of 648, 7%). In contrast, Houtrow et al.,15 

studying MOMS outcomes at school age, did not (3 out of 79, 4% vs 9 out of 82, 11%). 

The most likely explanation for this discrepancy is the greater statistical power of our study 

from its larger study population. Kim et al.26 found that more rostral motor level categories 

were associated with more frequent Chiari decompression, a finding that we confirmed and 

adjusted for in this analysis.

In our study, the frequencies of shunt revisions in shunted patients were not significantly 

different between cohorts. Flanders et al. also found no significant difference in shunt 

revision frequency between cohorts.20 Houtrow et al.,15 studying frequencies of shunt 

insertion ever in MOMS school-age children, found that significantly fewer fetal surgery 

participants had had shunt revisions compared to postnatal surgery participants.15 The 

reasons for this discordance are unclear. We matched for clinic site to control partially 

for the wide variation in indications for shunt revision in myelomeningocele among pediatric 

neurosurgeons,33 reasoning from experience that neurosurgeons in the same clinic tend to 

have similar indications for most procedures. We noted that our difference in frequencies 

of shunt revision in shunted patients between cohorts was small (53% vs 55%), despite the 

longer time-at-risk for postnatal surgery patients because of their slightly older age at last 

visit and the shorter time-at-risk for fetal surgery patients because of their older age at CSF 

diversion. We found no relationship between shunt revision frequency and motor level.

Finally, in adjusted analysis, we found that tethered cord release was not significantly more 

frequent in fetal surgery patients. In contrast, Houtrow et al. found a higher frequency of 

tethered cord release in the MOMS fetal surgery cohort.15 The frequency of symptomatic 

tethered cord increases through childhood,6 but this is unlikely to be the sole explanation 

for this discrepancy in findings, given the closeness of the mean ages at ascertainment 

of outcomes in our study and in Houtrow et al.15 (6y 4mo vs 7y 10mo). We found 

no relationship between motor level and frequency of tethered core release in the study 

population.

Calling our study a comparative effectiveness study is justified by relevant variations in 

clinical practice. Variations in fetal exclusion criteria for fetal surgery now occur for 

abnormal fetal DNA analysis, cerebral gray matter heterotopias, cleft lip, and anatomic 
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levels outside of MOMS inclusion criteria.28 Two procedures for fetal surgery are now used 

for placode closure, via hysterotomy or by fetoscopy. Variations exist also in indications 

for neurosurgical procedures to treat the comorbidities of myelomeningocele,33 probably 

because there are no level 1 or 2 guidelines for any such neurosurgical procedure. It is 

therefore not surprising that variation also exists among spina bifida clinics participating in 

the NSBPR in frequencies of CSF diversion, ranging from 50% to 97%,25 and in frequencies 

of Chiari decompression, ranging from 2% to 23%.26 Finally, two procedures are used for 

CSF diversion: shunt insertion and ETV.

The NSBPR does not collect any prenatal data except the occurrence of fetal surgery. 

Therefore, we could not match postnatal surgery patients to fetal surgery patients for fetal 

surgery inclusion criteria. It is likely that this resulted in our postnatal surgery cohort 

having a greater frequency of patients with fetal surgery exclusion criteria than our fetal 

surgery cohort. The relevant fetal surgery exclusion criteria were absence of fetal hindbrain 

herniation, fetal anatomic level outside of MOMS inclusion criteria, fetal kyphosis, 

chromosomal abnormality, fetal physical anomalies not associated with myelomeningocele, 

and twin gestation. Literature searches revealed no reports of an association of any fetal 

surgery exclusion criterion with any of our four neurosurgical outcome procedures, with the 

exception of absence of fetal hindbrain herniation. Fetal hindbrain herniation was a fetal 

surgery exclusion criterion because it was thought to be associated with a lower frequency 

of postnatal hydrocephalus.5,34 There was no direct evidence for this until recently, when 

Nagaraj et al. found that only 13% (1 out of 8) of patients with no fetal hindbrain herniation 

had had shunt insertion.35 Flanders et al. found that 23% of their postnatal surgery cohort 

had absent fetal hindbrain herniation20 and it is likely that it was more frequent in our 

postnatal cohort as well. It is likely that the greater frequency of patients without fetal 

hindbrain herniation in our postnatal surgery cohort decreased the frequency of CSF 

diversion in this cohort, thereby decreasing the magnitude of the difference in frequencies 

of CSF diversion between cohorts. In spite of this, we found the difference in frequencies 

of CSF diversion to be significant. To say this another way, although we were not able to 

exclude patients without fetal hindbrain herniation from our postnatal surgery cohort, if we 

had been able to, excluding them would only have increased the magnitude of the significant 

effect, as the remaining infants in the postnatal surgery group would have had an even 

greater frequency of CSF diversion.

We then searched the literature for evidence that fetal anatomic levels of lesion were 

associated with the frequencies of any neurosurgical procedure in patients who had had 

postnatal surgery. For only one outcome, CSF diversion, had this been studied. No 

associations were found between fetal anatomic levels and CSF diversion frequencies in 

postnatal surgery cohorts in two studies.14,20

Because there are no data to support the idea that being unable to match our postnatal 

surgery patients to fetal surgery patients for fetal surgery exclusion affected the validity of 

our findings, we concluded that such matching was not mandatory for our study. This issue 

could be addressed someday by a consortium of fetal surgery centers using a set of common 

data elements (now in development36) and following patients prospectively.
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Finally, we note that the three most recent post-MOMS single-center, observational studies 

comparing neurosurgical outcomes in fetal surgery and postnatal surgery cohorts also did 

not use fetal surgery exclusion criteria for selection of their postnatal surgery cohorts, 

thereby making them effectiveness studies as well.18–20

Our study may be useful in prenatal counseling and decision making by parents because 

it independently demonstrated that fetal surgery reduced the frequency of CSF diversion. 

Further, by studying a large national sample, it also addressed the generalizability of this 

finding. The analyzed experience of individual fetal surgery centers may also be helpful 

in decision making, since frequencies of CSF diversion by fetal surgery center vary some­

what.18,19 Moreover, if an infant is cared for at a hospital where the CSF diversion frequency 

is low,37 the advantage of fetal surgery to prevent CSF diversion may be relatively less. Our 

study also found that social determinants of health were differently distributed between our 

cohorts and, for some neurosurgical procedures, in the whole study population. This issue 

needs further study. Whether our study applies to regions of the world with fewer resources 

and/or a different ethical framework for treating patients with spina bifida is unknown.

The process of decision making is extremely complex38 and must include discussions 

with parents about risks of fetal surgery to mothers and infants, and prognoses for 

other outcomes of fetal surgery, including cognitive development,15,39 ambulation,15,39 and 

bladder function,40 all of which are beyond the scope of this study.

Although the MOMS showed no difference in survival between cohorts in school-age 

children,15 whether fetal surgery improves life expectancy is unknown. However, our 

study provided evidence that fetal surgery reduced the frequencies of two major causes of 

mortality, hydrocephalus41 and brainstem dysfunction from the Chiari II malformation.41,42 

Long-term follow-up studies will be necessary to address survival and other related issues.43

Some of our study’s limitations are inherent in the NSBPR. First, the reliability of the 

data collected was not independently validated. However, Centers for Disease Control and 

Prevention protocols were in place for data quality control, which included queries to spina 

bifida clinic sites about questionable entries.26 Second, muscle function, and therefore motor 

level, cannot be as reliably assessed before 5 years old as after.44 Third, results may not be 

generalizable to patients who are not cared for in a multidisciplinary spina bifida clinic in 

the United States or elsewhere. Finally, the NSBPR does not record any prenatal data, except 

for the occurrence of fetal surgery.

The NSBPR also did not record the site of fetal surgery. However, we note that eight of the 

25 spina bifida clinics that contributed patients to our study are at institutions that offer fetal 

surgery. No single spina bifida clinic dominated the study population. The largest number of 

fetal surgery patients enrolled by a single spina bifida clinic was 60.

It is a strength of our study that we matched postnatal surgery patients with fetal surgery 

patients for spina bifida clinic, because there is variation by spina bifida clinic for 

some outcomes.25,26,33 Further, matching for spina bifida clinic also reduced variation in 

ascertainment of outcomes. Matching for date of birth (±3mo) controlled for the evolution 

in the neurosurgical management of comorbid conditions of myelomeningocele.25,26 Other 
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strengths were the adjustments in analyses for covariates, the lack of investigator bias in 

ascertaining outcomes, and the study’s independence from the MOMS investigators. The 

potential of using the NSBPR for outcomes studies of fetal surgery versus postnatal surgery 

was recognized by Flanders et al.20

CONCLUSIONS

In this comparative effectiveness study of fetal surgery versus postnatal surgery utilizing the 

NSBPR, we found a lower frequency of CSF diversion in fetal surgery patients, independent 

of ethnicity, insurance status, and spinal segmental level of motor function, and time-at-risk, 

concordant with the main finding of the MOMS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What this paper adds

• Fetal surgery was associated with lower frequencies of cerebrospinal fluid 

diversion and decompression of Chiari II malformation than postnatal surgery.

• Frequencies of ventriculoperitoneal shunt revision and tethered cord release 

were not significantly different between cohorts.
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Figure 1: 
Number of fetal surgery patients, by year of birth (n=321). A higher proportion of patients 

born in 2011 and after (208 out of 1473, 14%) had fetal surgery compared with before 2011 

(113 out of 3399, 3%; p<0.001).
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