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CONTRIBUTION 

What are the novel findings of this work?  

This study demonstrated that half of fetuses eligible for prenatal open spina bifida repair 

have structural brain anomalies, such as an abnormal corpus callosum or heterotopia. These 

anomalies were more likely in the presence of a lumbar or higher lesion, and wider 

ventricles (>15mm). 

What are the clinical implications of this work? 

Our data stresses the relevance of detailed prenatal and preoperative fetal assessment. One 

can expect that up-to half of fetuses will already present CNS anomalies prior to surgery, 

and it may be considered as additional information in the presurgical counseling.  



 

 

ABSTRACT: 

Objectives: To determine the prevalence of brain anomalies in fetuses eligible for prenatal 

open spina bifida (OSB) repair at the time of preoperative assessment, and to explore the 

relationship with the features of spinal defect. 

Methods: Retrospective cross-sectional multicentric study in fetal medicine centers on 

fetuses undergoing OSB fetal surgery repair. Magnetic Resonance (MR) images obtained as 

part of the pre-surgical assessment were re-evaluated including: 1) the type and area of the 

defect and its anatomical level, 2) the presence of any structural Central Nervous System 

(CNS) anomaly, and abnormal ventricular wall, and 3) fetal head and brain biometry. Binary 

regressions were performed and data was adjusted by type of defect, upper level of the 

lesion (ULL), gestational age (GA), and fetal medicine center. A multiple logistic regression 

was done to define parameters associated to the presence of these brain anomalies. 

Results: Among 115 fetuses, 91 had myelomeningocele and 24 myeloschisis. Anatomical 

level distribution was 7 thoracic, 13 L1-L2, 58 L3-L5 and 27 sacral. Median GA at MR was 

24.7 (23.0-25.7) weeks. Overall, 52.7% of cases had at least one additional brain anomaly. 

Abnormal corpus callosum (CC) was observed in 50.4% and anomalies in the ventricular wall 

in 19.1%, of which 4.4% had nodular heterotopia. Factors independently associated with at 

least one brain anomaly were sacral level (OR 0.51, p=0.043, CI 0.26-0.97); ventricular width 

(OR 1.23, p=0.005, CI 1.07-1.43); and abnormal cavum septum pellucidum (OR 3.76, 

p=0.031, CI 1.13-12.48).  

Conclusions: Half of fetuses with OSB assessed for fetal spina bifida repair had an abnormal 

CC and/or an abnormal ventricular wall prior to prenatal repair. The likelihood for 

abnormalities is higher with higher lesions, and wider ventricles. These findings highlight 

the importance of a detailed CNS evaluation of fetuses with OSB.  

Keywords: Central Nervous System, Fetal Surgery, Fetal Brain, MRI, Myelomeningocele, 

Neural Tube Defect, Neuroimaging, Spina Bifida. 



 

 

INTRODUCTION 

 Open spina bifida (OSB) is one of the most frequent congenital malformations 

affecting the fetal central nervous system (CNS)1. It is associated with structural brain 

changes such as Chiari II malformation (CM-II) and severe ventriculomegaly2,3. Since the 

Management of Myelomeningocele Study (MOMS), prenatal repair is increasingly more 

offered as an option, because it reduces postnatal shunting, and improves motor function, 

urological outcomes, and self-care skills4–9. The lack or paucity of measurable improvement 

in cognitive function after fetal surgery can theoretically be explained by the persistence of 

hydrocephalus as well as the existence of additional structural brain changes10. 

The presence of associated structural brain anomalies in OSB has been widely 

reported in children and adults. For instance, abnormal corpus callosum (CC), including 

partial or complete agenesis and dysgenesis11–13, may be present in up to 75% of children 

and young adults with OSB14. Likewise, abnormalities in cortical thickness and the gyration 

pattern in frontal and temporal lobe regions and hippocampus have been reported2,14–16. 

Brain anomalies have been related to poorer cognitive and motor outcomes in adult life17,18. 

However, it remains unclear whether these anomalies are a consequence of OSB, rather 

than a primary condition, and when exactly they develop during prenatal life2. A recent 

study demonstrated how detailed brain magnetic resonance (MR) can reveal subtle 

anomalies with potential clinical significance in a remarkable proportion of fetuses eligible 

for spina bifida repair19. The precise relationship between these anomalies and the clinical 

spectrum of OSB should be better established to clarify whether they have prognostic 

significance15,17. Thus, a characterization of the prevalence and types of brain structural 

changes in fetuses with OSB might be relevant for the understanding and use in the 

detection of risk factors in fetuses undergoing fetal therapy.  

The purpose of this study was to evaluate the prevalence of structural brain 

anomalies in fetuses eligible for OSB prenatal surgery, at the time of their preoperative MR 

assessment, and to explore the relationship with the features of the spinal defect. 



 

 

METHODS 

This study was approved by the Ethics Committee of the BCNatal-Hospital Clinic and 

Hospital Sant Joan de Déu in Barcelona, Spain, the UZ KU Leuven in Leuven, Belgium and 

Hospital Israelita Albert Einsten (HIAE) in Sao Paulo, Brazil (PIC-115-18, S60814, and SGPP-

3715-19, respectively).  STROBE guideline for observational studies was followed. 

Study population 

This was a cross-sectional retrospective cohort study on 125 fetuses with OSB who 

underwent MR as part of the preoperative assessment for SB repair, between January 2009 

and December 2019. Inclusion criteria for fetal surgery were similar to those defined in the 

MOMs trial4, except that in one center (HIAE) the upper gestational age (GA) limit for fetal 

surgery was 28 weeks and 6 days and S2 lesions were operated when the motor function 

did not correspond to anatomical sacral level, according to the evaluation proposed by 

Carreras et al20. When the fetus did not accomplish the surgical criteria in the MR imaging 

or when their image quality was poor, such that complete evaluation of the fetal brain 

structures was hampered, the case was excluded (n=10).  

Image acquisition  

T2-weighted brain images were obtained in axial, coronal and sagittal planes, while 

spinal images were acquired in axial and sagittal planes. Fetal MR was performed without 

fetal sedation in almost all cases since in UZ Leuven used it until September 2015 (n=34) 

and following the ISUOG guidelines for fetal MRI21,22 and American College of Radiology 

guidelines for MR during pregnancy and lactation23. Specific MR acquisition settings for each 

center are described in Appendix S1.  

Image analysis 

Images were reassessed by a trained obstetrician (LT) and reviewed by an expert 

neuroradiologist (MA, AAB, MD) who were blinded to perinatal results. The image analysis 

was done in three steps. First, the type of defect was characterized as either 

myelomeningocele (MMC) or myeloschisis (MS), based on the presence or absence of a 



 

 

cyst. We also characterized the upper level of the lesion (ULL), defined as the highest 

vertebral level open in a midsagittal image of the spine24. The ULL formed the basis for 

division into four groups, according to motor outcome: thoracic (group 1), high lumbar (L1-

L2, group 2), low lumbar (L3-L5, group 3), and sacral (group 4)4,7. Second, we assessed for 

the presence of structural CNS anomalies including CM-II, tectal beaking, anomalies of the 

ventricular wall, including heterotopia, interhemispheric cyst, aqueduct stenosis, abnormal 

CC, abnormal cavum septi pellucidi (CSP), ventriculomegaly (Supplementary Figure S1); as 

well as spinal cord anomalies, such as tethered cord and kyphosis. The CC was assessed in 

all three sections (axial, sagittal and coronal) and cases with partial or complete agenesis or 

dysgenesis were classified as abnormal CC (Figure 1a). The lateral ventricle wall was also 

evaluated in all three sections; the presence of heterotopia was based on the presence of a 

nodularity in at least two sections on its surface (Figure 1b). We also characterized the 

ventricular wall as abnormal when a more angled and sharp surface was observed in all 

three sections, instead of a more linear contour25–27 (Figure 1c). The CSP was analyzed in all 

sections and classified as abnormal when it was wider than longer in the axial plane, when 

an abnormal shape was present, and when it was missing28. Third, we performed several 

measurements including head biometry, lateral ventricle width, cerebellar size, degree of 

cerebellar herniation, clivus-supraocciput angle (CSA), and size of defect. Briefly, biparietal 

diameter (BPD) and occipito-frontal diameter (OFD) were measured at the level of the 

temporal horns of the lateral ventricles on the coronal section; and in the midline on the 

sagittal section respectively29,30. Both transverse cerebellar diameter (TCD) and lateral 

ventricles were measured at the level of the atria on the coronal section. TCD measures 

were transformed in z-scores according to standard references31 and lateral ventricles were 

assessed by tracing a perpendicular line in the central portion of the ventricle and the 

highest value was used for the analysis29,30,32. The degree of cerebellar herniation and CSA 

were assessed on a mid-sagittal section. A line was traced from the basion to the opisthion 

to clearly identify the foramen magnum and cerebellar herniation was assessed as the 

cerebellar portion below it (in mm) (Figure 1d). The CSA was delimited by the intersection 



 

 

of two lines: the first along the posterior surface of the clivus and the second along the 

superior surface of the supraocciput33,34. 

We also assessed the size of the defect and the cyst (when present), by measuring 

their largest sagittal and axial diameters, obtaining an area by multiplying both radius by ∏; 

and the spinal angulation in case of kyphosis by assessing the angle formed by the column 

exe and its angulated portion. (Figure 1e and 1f)  

All images were anonymized and stored in a digital database and image analysis was 

done blinded to clinical information.  

Statistical Analysis 

 Findings were stored and analyzed using STATA (StataCorp. 2013. Stata Statistical 

Software: Release 13. College Station, TX: StataCorp LP). Normality was assumed by the 

central limit theorem and confirmed by Kolmogorov–Smirnov test. Categorical variables are 

presented as number of cases and percentage, and continuous variables with a normal 

distribution as mean and standard deviation (SD), or if not normally distributed, as median 

and InterQuartile range (IQ). Pearson’s X2 or Fisher’s exact test was used to compare 

categorical variables and Student’s t-test or Wilcoxon rank-sum test was used to compare 

quantitative data according to the data distribution. Binary regressions were made, and, in 

case of multiple qualitative comparisons, ANOVA was adopted when the distribution was 

normal and Kruskal-Wallis if not normal. Analyses were adjusted by type of defect, ULL, GA 

and fetal medicine center. Finally, a multivariate logistic regression was done in order to 

assess the parameters associated with higher risk of CNS anomalies, adjusting the analysis 

by GA at MR, and the results were shown as odds-ratio (OR) and 95% confidential interval 

(CI). A non-automated backwards elimination strategy was performed, maintaining all 

significant variables in the final model, which was selected based on better R2 value. A p-

value <0.05 was considered significant. 

  



 

 

RESULTS 

Table 1 displays the maternal characteristics. A total of 115 cases were included 

(Barcelona: 2 cases; Leuven: 50 cases; Sao Paulo: 63 cases), out of which 93 were MMC and 

24 MS. Thirty-four percent of cases had imaging prior to 24 weeks (n=39). Distribution of 

lesions according to lesion level is included in Supplementary Figure S2. 

The MR findings are displayed in Table 2. Overall, all cases had hindbrain herniation; 

91.3% had ventriculomegaly and 75.9% had tectal beaking. In addition, 50.4% had an 

abnormal CC and 19.1% anomalies in the ventricular wall. When comparing by type of 

defect, anomalies were more severe and frequent in the MS cases: anomalies in the 

ventricular wall (MS 37.5% vs. 14.3% MMC, p=0.010), and a smaller CSA (MS 47.4 (9.6) vs. 

MMC 61.0 (10.2), p<0.001), however without significant differences in ventricular diameter 

or ULL.  

Table 3 displays the brain findings and characteristics of the lesion according to the 

presence of abnormalities in the CC. An abnormal CC was more likely in fetuses >24 weeks 

(82.8% vs. 49.1%, p<0.001). We did not find differences based on the type of defect, but 

fetuses with an abnormal CC had larger (area in cm2: 1.7 (1.2,2.9) vs. 2.2 (1.9,3.3), p<0.001) 

and higher lesions, i.e. with a higher proportion of non-sacral level lesions (87.9% vs. 64.9%, 

p=0.014). In those cases, ventriculomegaly was more frequent (98.3% vs. 84.2%, p<0.001) 

and more severe (16.7 (13.6,19.3) mm vs. 12.7 (11.1,14.8) mm, p<0.001), and hindbrain 

herniation was more pronounced (-10.1 (-13.3,-8.2) mm vs. -9.7 (-12.2,-7.1) mm, p=0.030). 

Fetuses with an abnormal CC were also more likely to have anomalies in the ventricular wall 

(29.3% vs. 8.8%, p<0.001) and in the CSP (44.8% vs. 15.8%, p <0.001), and a smaller TCD (z-

score -1.9 (-3.1,-0.8) vs. -1.1 (-3.8,0.5), p=0.010). 

Table 4 displays findings according to the presence of anomalies in the ventricular 

wall, which includes heterotopias and a sharp and angled ventricular contour. Anomalies in 

the ventricular wall were more likely in fetuses >24 weeks (90.9% vs. 60.2%, p<0.001). Cases 

with abnormal ventricular wall were more likely to have MS (40.9% vs. 16.1%, p<0.001), a 

larger defect (area in cm2: 2.2 (1.5,3.1) vs. 1.8 (2.7,5.1), p<0.001), but there was no relation 



 

 

to the ULL. However, they had more severe ventriculomegaly (16.1 (13.5,19.1) vs. 13.7 

(11.7,17.2), p<0.001) and hindbrain herniation (-10.4 (-13.0,-8.5) vs. -8.8 (-12.7,-7.1), 

p=0.039). MS was also related to the presence of an abnormal CC (73.3% vs. 44.1%, p<0.001) 

and smaller TCD (z-scores -2.7 (2.0) vs. -1.5 (2.5), p=0.030). Fetuses with overt nodular 

heterotopia (n=5) had a more acute CSA (49.6 (47.6,54.6) vs. 59.1 (50.9,65.3), p<0.001). 

In order to assess which are the factors independently associated with abnormalities 

of the CC and/or the presence of heterotopia, and that were present in 52.7% of cases 

eligible for fetal surgery, a multiple logistic regression was done including the type of defect, 

ULL, ventriculomegaly, hindbrain herniation, CSA and anomalies in the CSP (Supplementary 

Table 1). Figure 2 shows the Odds Ratios of the five variables found to be independently 

related to these anomalies, i.e. sacral level (OR 0.51, p=0.043, CI 0.26-0.97); ventricular 

width (per mm) (OR 1.23, p=0.005, CI 1.07-1.43) and abnormal CSP (OR 3.76, p=0.031, CI 

1.13-12.48).   



 

 

DISCUSSION 

In this study half of fetuses with OSB who were eligible for fetal surgery had an 

abnormal CC and/or heterotopia on MR assessed before fetal surgery. The presence of MS, 

higher spinal defect, larger ventricular size, abnormal CSP and more advanced gestation 

(>24 weeks) at assessment were associated with a higher risk for abnormal CC and/or 

heterotopia. 

It has been previously reported that a large proportion of fetuses with OSB have an 

abnormal CC19. This association has also been described in children and young adults with 

OSB, one out of five cases having partial agenesis, and a hypoplastic CC in three quarters11. 

Interestingly, CC anomalies are more severe in the posterior regions35. Likewise, a general 

reduction of CC fractional anisotropy11,35 and increased radial diffusivity has been 

reported35. Crawley et al suggest that the posterior portion of the CC is the most affected, 

possibly reflecting increased tension due to the spinal defect35. Our results are in line with 

that study, showing that the posterior part of the CC is most affected when partial CC 

anomalies are detected. The prevalence of heterotopia in our study was 4.4%, comparable 

to the 3% previously reported by Sanz Cortes19. It should be stressed that if we consider 

ventricular wall anomalies that number raises to 19.1%, which is close to the 12% of 

heterotopias observed in the 6 weeks post-surgery follow-up in Sanz Cortes study19 and the 

11.6% in a study by Nagaraj based on post-natal MR36. Ventricular wall anomalies may be 

interpreted as a CNS anomaly that may lead to heterotopia or even an underdiagnosed 

heterotopia, due to lower imaging quality caused by the young GA at evaluation, lower 

structural size and imaging resolution, and higher fetal movement. Indeed, postnatal 

studies have shown that up to 51% of children with CM-II secondary to OSB, present grey 

matter heterotopia37–39, being the higher prevalence in a neuropathological study of 

children with myelomeningocele and CM-II, which can represent a specific cohort of 

patients with more severe postnatal evolution and consequently death37.  

OSB is also associated with other changes in fetal brain structure. In our study, 

fetuses with OSB had an abnormal CSA, with a mean value of 58.2o, which is similar to what 



 

 

has been earlier reported33,34,40. Interestingly, when we differentiated findings according to 

type of defect, fetuses with a flat lesion had a more acute CSA (47.4o) than those with a 

cystic lesion (61.0o, p<0.001), suggesting that MS and MMC may have a different pattern of 

associated brain anomalies. When considering the spinal defect characteristics, changes in 

the posterior fossa structures worsened in the presence of higher lesions and the presence 

of a flat rather than cystic lesion, and, consequently, wider ventricles. This observation is in 

line with previous studies that described a higher prevalence of severe CM-II in MS41, and 

that higher and larger lesions display a lower reduction in hindbrain herniation after 

prenatal repair42. 

Similar to the “two-hit hypothesis”, which assumes a combination of primary 

damage in the neural tube with further exposure of the spinal cord to the intrauterine 

environment43, we propose the concept of a “third-hit” that might be considered for brain 

anomalies in the context of OSB. Obstructive hydrocephalus secondary to CM-II could be 

the key factor for the development of other brain anomalies. Indeed, experimental studies 

demonstrated that obstructive hydrocephalus produces specific white matter damage, as 

shown by altered diffusivity44 particularly in the CC45. Similar changes have also been 

demonstrated in children with congenital hydrocephalus46 and in children with OSB, in 

whom diffusivity changes were associated with ventricular volume47. On the other hand, 

the presence of prenatal hydrocephalus has also been related with regional disruptions in 

the ventricular zone. Since the neuroblasts generated in these regions lack structural 

scaffolding to migrate, neural stem cells may become lost and accumulate in periventricular 

areas, developing periventricular heterotopias48. Since the degree of ventricular dilation is 

associated with brain anomalies2,44–47, our observations support the notion of a “third-hit” 

whereby the hydrocephalus would contribute to the generation of other brain anomalies.  

This study confirmed that associated brain anomalies are common in OSB fetuses. 

Our findings stress the need of an accurate prenatal evaluation of supratentorial structures 

and spinal defect before prenatal repair by fetal MR. Although the relation between these 

findings and their postnatal cognitive function is not entirely clear, studies have shown 

more abnormal cognitive parameters in cases with OSB and CNS anomalies, though that 



 

 

may be different when prenatal repaired 9,15,35. Therefore, our study prompts the need for 

further additional studies including meticulous post-natal follow-up to evaluate the actual 

impact of these anomalies on the neurodevelopment.  

We acknowledge several limitations to our study. First, data were collected at three 

centers, which may have introduced variation in the case mix, imaging hardware and 

quality. For that reason, we corrected for that by using the variable center as a co-factor in 

our analysis. Secondly, this was a cross-sectional study, hence it was not designed to obtain 

follow-up or further scanning of the fetuses, precluding to provide evolutive or clinical 

functional information or the impact that prenatal surgery had in these brain anomalies. 

Also, as no postnatal follow-up was performed, it was not possible to confirm the capability 

of our prenatal diagnose by correlating structural findings with the final clinical outcome. 

Finally, one could argue that some misinterpretation may have occurred, regardless of the 

expertise of the radiologist. To avoid this, all images were evaluated by two observers. It 

could be argued that the use of advanced neurosonographic examinations could be useful 

to improve CNS evaluation. Unfortunately, not all centers included in this study dispose of 

this this advanced ultrasound evaluation in all cases, which withhold us to include this data 

in our analysis. Further studies evaluating this correlation taking also into consideration 

surgical variables and structural changes after surgery are needed. Among the strengths of 

this study, we gathered a considerable number of fetuses with OSB and different clinical 

characteristics that allowed us to explore the relationship with brain anomalies and other 

OSB characteristics.  

In conclusion, half of fetuses eligible for fetal surgery had either abnormal CC and/or 

abnormal ventricular wall, which included heterotopia, prior to fetal surgery. The findings 

highlight the importance of a detailed CNS evaluation before OSB fetal surgery. Further 

studies to explore the association of structural brain abnormalities with postnatal outcomes 

are required.   
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FIGURES LEGENDS 

Figure 1. MR evaluation of brain structures and spinal defect.  

Major central nervous system anomalies include abnormal corpus callosum (A), 

heterotopias (B) and anomalies in ventricular lining (C). Several measurements were 

assessed in the MR images, including cerebellar herniation (D), and both cyst (when 

present) and defect size in axial (E) and sagittal (F) planes. 

Figure 2. Estimated odds ratio for major CNS anomalies. 

Supplementary Figure S1. T2 weighted spin echo image of fetuses with OSB in sagittal (A, 

B, D), parasagittal (C, F) and coronal (E) planes. Chiari II malformation is represented  in 

images A, B, D and E (thick white arrow). Almost complete absence of pericerebral 

cerebrospinal fluid is evidenced in images D and F (dashed arrows). Corpus callosum (small 

white arrows) at 23 weeks and 6 days is normal in image A and abnormal with thickened 

corpus and absent splenium in image B. Normal ventricular lining (small white arrows), 

without any irregularities or nodules at 23 weeks and 6 days is shown in image C. Image D 

illustrates in the posterior part of the lateral ventricle the lining a more irregular with focal 

indentations and more blurry signal (white rectangle) at 22 weeks. Nodular ventricular 

heterotopia (white rectangle) is evidenced at 24 weeks in images E and F. 

Supplementary Figure S2. Distribution of cases according to (A) upper level lesion and (B) 

gestational age. 

Appendix S1 MR acquisition settings from each fetal medicine centers 

 

 



 

 

TABLES 

Table 1.  Studied population 

Continuous variables are presented in median (IQR).  

 Total cases (n=115) Myelomeningocele (n=91) Myeloschisis (n=24) 

Maternal characteristics    

   Age (years) 32.0 (27.0,34.5) 31.0 (26.9,34.5) 32.1 (31.0,34.0) 

   Ethnicity     

      Caucasian, n (%) 73 (70.2) 54 (66.7) 19 (82.6) 

   Parity, (n) 2 (1-3) 2 (1-3) 1 (1-2) 

   Folic Acid use, n (%) 68 (78.2) 55 (79.7) 13 (72.2) 

   Diabetes, n (%) 2 (3.9) 2 (3.2) 0 (0.0) 

   Hypothyroidism, n (%) 9 (10.8) 6 (9.5) 3 (15.0) 

   No use of medication, n (%) 67 (77.0) 50 (78.1) 17 (73.9) 

Fetal characteristics    

   Gestational Age at MR (weeks) 24.7 (23.0-25.7) 24.7 (23.1-25.6) 24.8 (22.7-26.0) 

   Male gender, n (%) 54 (47.4) 39 (42.9) 15 (65.2) 



 

 

Table 2.  Characteristics of spinal defect according to the type of defect   

Data are presented in n (%) and in mean (SD) or in median (IQR)†, when appropriate. 
* Significant difference between myelomeningocele and myeloschisis. Values adjusted by gestational age, 

upper level of lesion and fetal medicine center.  

 TCD: transverse cerebellar diameter.  

  

 
Total cases  

(n=115) 

Myelomeningocele  

(n=91) 

Myeloschisis  

(n=24) 

Gestational Age (weeks) 24.7 (23.0,25.7) 24.7 (23.3,25.6) 24.3 (22.5,25.9) 

Gestational age > 24 weeks, n (%) 76 (66.1) 62 (68.1) 14 (58.3) 

Defect size (cm2)    

   Cyst area† - 5.1 (3.6,9.0) - 

   Defect area† 1.9 (2.4,3.0) 1.9 (1.4,3.3) 2.1 (1.3,2.8) 

Level of defect, n (%)    

  Thoracic 7 (6.1) 6 (6.6) 1 (4.2) 

   L1-L2 13 (11.3) 11 (12.1) 2 (8.3) 

   L3-L5 68 (59.1) 51 (56.0) 17 (70.8) 

   Sacral 27 (23.5) 23 (25.3) 4 (16.7) 

Kyphosis, n (%) 6 (5.2) 4 (4.4) 2 (8.3) 

Tethered Cord, n (%) 111 (96.5) 87 (95.6) 24 (100) 

CNS findings    

   Hindbrain herniation, n (%) 115 (100.0) 91 (100.0) 24 (100.0) 

   Hindbrain herniation (mm)† -9.9 (-13.0,-7.4) -9.9 (-13.2,-7.0) -9.9 (-12.1,-8.5) 

   Ventriculomegaly, n (%) 105 (91.3) 82 (90.1) 23 (95.8) 

   Larger lateral ventricle (mm)† 14.1 (12.4,17.6) 14.5 (12.3,18.1) 13.3 (12.7,16.1) 

   Abnormal corpus callosum, n (%) 58 (50.4) 46 (50.6) 12 (50.0) 

   Abnormal ventricular wall, n (%) 22 (19.1) 13 (14.3) 9 (37.5)* 

      Heterotopia, n (%) 5 (4.4) 3 (3.3) 2 (8.3) 

   Abnormal CSP, n (%) 35 (30.4) 32 (35.2) 3 (12.5)* 

   Tectal beaking, n (%) 85 (75.9) 68 (76.4) 17 (73.9) 

   Third ventricle (mm)† 3.9 (3.0,5.8) 3.8 (3.0,5.4) 4.0 (2.7,6.0) 

   Interhemispheric cyst, n (%) 3 (2.6) 3 (3.3) 0 (0) 

   Aqueduct Stenosis, n (%) 4 (3.5) 3 (3.3%) 1 (4.2) 

   Clivus-supraocciput angle (degrees) 58.2 (11.5) 61.0 (10.2) 47.4 (9.6)* 

   TCD z-score -1.8 (2.3) -1.6 (-2.1) -2.3 (-3.5) 



 

 

Table 3. Characteristics of the spinal defect and brain findings according to the presence of 

abnormal CC 

 

Data are presented in n (%) and in mean (SD) or in median (IQR)†, when appropriate. 

Values adjusted by type of defect, gestational age, upper level of lesion and fetal medicine center.  

Characteristic 
Normal CC  

(n=57) 

Abnormal CC 

(n=58) 
p-value 

Gestational age (weeks)† 23.9 (22.6,25.3) 25.0 (24.0,25.7) < 0.001 

 Gestational age > 24 weeks, n (%) 28 (49.1) 48 (82.8) < 0.001 

Type of defect, n (%)    

   Myelomeningocele 47 (79.0) 46 (79.3) 
- 

   Myeloschisis 12 (21.0) 12 (20.7) 

Defect description (cm2)    

   Defect area† 1.7 (1.2,2.9) 2.2 (1.9,3.3) < 0.001 

Level of defect, n (%)    

   Thoracic 2 (3.5) 5 (8.6) 

0.014 
   L1-L2 5 (8.8) 8 (13.8) 

   L3-L5 30 (52.6) 38 (65.5) 

   Sacral 20 (35.1) 7 (12.1)a 

Kyphosis, n (%) 0 (0.0) 6 (10.3) 0.036 

Tethered Cord, n (%) 57 (100.0) 54 (93.1) 0.119 

CNS findings    

   Hindbrain herniation, n (%) 57 (100.0) 58 (100.0) - 

   Hindbrain herniation (mm)† -9.7 (-12.2,-7.1) -10.1 (-13.3,-8.2) 0.030 

   Ventriculomegaly, n (%) 48 (84.2) 57 (98.3) < 0.001 

  Larger lateral ventricle (mm)† 12.7 (11.1,14.8) 16.7 (13.6,19.3) < 0.001 

   Abnormal ventricular wall, n (%) 5 (8.8) 17 (29.3) < 0.001 

      Heterotopia, n (%) 2 (3.5) 3 (5.2) 0.445 

   Abnormal CSP, n (%) 9 (15.8) 26 (44.8) < 0.001 

   Tectal beaking, n (%) 39 (70.9) 46 (80.7) 0.351 

   Third ventricle† 3.3 (2.7,4.4) 5.3 (3.7,6.8) < 0.001 

   Interhemispheric cyst, n (%) 2 (3.5) 1 (1.7) - 

   Aqueduct stenosis, n (%) 1 (1.8) 3 (5.2) - 

   Clivus-supraocciput angle (degrees) 58.7 (49.8,62.9) 56.6 (50.9,67.8) 0.020 

   TCD z-score† -1.1 (-3.8,0.5) -1.9 (-3.1,-0.8) 0.010 



 

 

a p < 0.05 when compared to non-sacral lesion level. 

TCD: transverse cerebellar diameter.  



 

 

Table 4. Characteristics of spinal defect and brain findings according to the presence of 

abnormalities in ventricular wall 

 

Data are presented in n (%) and in mean (SD) or in median (IQR)†, when appropriate. 

Values adjusted by type of defect, gestational age, upper level of lesion and fetal medicine center. 

TCD: transverse cerebellar diameter. 

Characteristic 
Normal ventricular wall 

(n=93) 

Abnormal ventricular wall 

(n=22) 
p-value 

Gestational Age (weeks)† 24.3 (23.0,25.6) 25.0 (24.0,26.4) < 0.001 

Gestational age> 24 weeks, n (%) 56 (60.2) 20 (90.9) < 0.001 

Type of defect, n (%)    

Myelomeningocele 78 (83.9) 13 (59.1) 
< 0.001 

Myeloschisis 15 (16.1) 9 (40.9) 

Defect description (cm2)    

   Defect area† 1.8 (1.5,2.6) 2.2 (1.5,3.1) < 0.001 

Level of defect, n (%)    

   Thoracic 7 (7.5) 0 (0.0) 

0.399 
   L1-L2 11 (11.8) 2 (9.1) 

   L3-L5 52 (55.9) 16 (72.7) 

   Sacral 23 (24.7) 4 (18.2) 

Kyphosis 4 (4.3) 2 (9.1) 0.323 

Tethered Cord 89 (95.7) 22 (100.0) - 

CNS findings    

   Hindbrain herniation, n (%) 93 (100.0) 22 (100.0) - 

   Hindbrain herniation (mm)† -8.8 (-12.7,-7.1) -10.4 (-13.0,-8.5) 0.039 

   Ventriculomegaly, n (%) 83 (89.3) 22 (100.0) 0.205 

   Larger lateral ventricle (mm)† 13.7 (11.7,17.2) 16.1 (13.5,19.1) < 0.001 

   Abnormal corpus callosum, n (%) 41 (44.1) 17 (77.3) < 0.001 

   Abnormal CSP, n (%) 28 (30.1) 7 (31.8) - 

   Tectal beaking, n (%) 68 (75.6) 17 (77.3) - 

   Third ventricle† 3.8 (3.0,5.2) 5.8 (3.2,8.5) < 0.001 

   Interhemispheric cyst, n (%) 3 (3.2) 0 (0.0) - 

   Aqueduct stenosis, n (%) 3 (3.2) 0 (0.0) - 

   Clivus-supraocciput angle (degrees) 59.3 (11.4) 53.2 (10.7) < 0.001 

   TCD z-score -1.5 (2.5) -2.7 (2.0) 0.030 
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