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Neural Tube Defects
Neural tube defects (NTDs) are congenital structural abnormalities of the central nervous system and vertebral col-
umn. Neural tube defects may occur as an isolated malformation, in combination with other malformations, as part of 
a genetic syndrome, or as a result of teratogenic exposure (1). Neural tube defects are the second-most-common major 
congenital anomaly (2) after cardiac malformations, and their prevalence varies by geographic region, race, and 
environmental factors (3). Outcomes and disabilities depend on level and extent of lesion; for instance, anencephaly 
is incompatible with life but most infants with spina bifida will survive after surgical repair (4). Importantly, and in 
contrast to many other congenital abnormalities, primary prevention of NTDs is possible with folic acid. In addition, 
prenatal screening and diagnosis are widely available, and fetal surgery has improved outcomes for some newborns. 
The purpose of this document is to provide information about NTDs and make management recommendations for the 
pregnancy complicated by a fetal NTD.
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Background
Embryology
The neural tube begins from a flat sheet of neuroepithelial 
cells (the neural plate), which rolls or folds in the midline 
to form the neural tube. This occurs at 3–4 weeks after 
fertilization, a time when some women do not yet realize 
that they are pregnant. Closure of the neural tube begins 
at the cervical region and extends cranially and caudally. 
However, the closure is complex, and as in other mam-
mals, occurs in a discontinuous process (5). Simplistically, 
failure of neural tube closure at the cranial end results in 
anencephaly, and failure of closure at the caudal end results 
in myelomeningocele or spina bifida. The process of neu-
ral tube closure involves multiple cellular and molecular 
processes that are tightly regulated (6). Mutations in any 
of the genes involved in this process could result in abnor-
mal neural tube closure and NTDs. The various types of 
NTDs, summarized in Table 1, include malformations of 
the spinal cord, meninges, and vertebra. 

Epidemiology
Worldwide, approximately 300,000 infants are born 
annually with an NTD (7), and NTDs account for as 

many as 29% of neonatal deaths associated with con-
genital abnormalities in low-income settings (8). A recent 
systematic review, including data from 75 countries (3), 
reported a wide-ranging prevalence; the median preva-
lence based on World Health Organization (WHO) 
region ranged from 6.9 per 10,000 births in the Western 
Pacific, to 21.9 per 10,000 births in the Middle East. In 
the United States between 2004 and 2006, the preva-
lence of anencephaly was 0.55 per 10,000 live births and  
2.54 per 10,000 live births, stillbirths, or terminations. 
For spina bifida, the prevalence was 3.40 per 10,000 live 
births and 4.41 per 10,000 live births, stillbirths, or termi-
nations (9). As reviewed in subsequent sections of this 
document, the prevalence has decreased with broad use 
of folic acid supplementation. 

Etiology
Isolated or nonsyndromic NTDs are generally multifacto-
rial, or attributed to a complex combination of genetic and 
environmental factors. Specific factors associated with 
NTDs are environmental exposures; certain medications; 
maternal medical conditions; geographic and ethnic asso-
ciations; genetic etiologies, including chromosomal abnor-
malities and single gene disorders; and family history (10).
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has been associated as a risk factor for NTDs. Maternal 
febrile illness during the first trimester may increase the 
risk of NTDs by as much as threefold (14). Similarly, a 
National Birth Defects Prevention Study demonstrated a 
1.7-fold increased risk of anencephaly for women with 
history of hot tub use during early pregnancy (15).

Certain maternal medical conditions are associated 
with increased risk of NTDs. Pregestational diabetes car-
ries a significantly increased risk of NTD (16). Maternal 
obesity also is associated with increased risk of NTDs 
(17), and there is a positive correlation between body 
mass index (BMI) and risk. A meta-analysis of 12 stud-
ies published between 1980 and 2007 found a 1.7-fold 
increased risk of NTDs for obese women (11 studies), 
and a 3.1-fold increased risk for severely obese women 
(defined as a BMI greater than or equal to 38 or more 
than 243 pounds) (five studies) when compared with 
women of normal BMI (18). 

Racial and ethnic backgrounds and geographic 
location also have been associated with differences in 
NTD risk. Several studies have reported that in the U.S. 
population, the risk of NTDs is highest in the Hispanic 
population (19). A more recent study reported a lower 
risk of spina bifida in African American women but did 
not confirm an increased risk in the Hispanic population 
(20). Regarding geographic differences, Shanxi Province 
in China has the world’s highest rate of NTDs, even after 
implementation of a birth defects prevention program by 
the Chinese government (21). These racial, ethnic, and 
geographic differences likely reflect a combination of 
genetic predispositions, dietary practices, and environ-
mental exposures. 

Although many NTDs are of multifactorial etiol-
ogy, there are also genetic contributions. Chromosomal 
abnormalities, including trisomy 13, trisomy 18, and 
triploidy are associated with NTDs; certain chromosomal 
deletions and duplications also have been associated with 
NTDs (22, 23). In addition, some genetic syndromes 
associated with single gene disorders or chromosomal 
microdeletions, such as 22q11.2 deletion syndrome and 
Waardenburg syndrome, present an increased risk of 
NTDs (24). Hundreds of genes are involved in murine 
neural tube closure (25), and presumably the same is true 
in humans. General classes of genes implicated in neural 
tube closure include those genes related to folate metabo-
lism; planar cell polarity genes, which are involved in 
cell movement during neural tube closure; and genes 
involved in the development of cilia that are essential for 
cell signaling (6). 

The relationship between folic acid and NTDs has 
prompted interest in genes involved in the folate path-
way and in the associations between gene alterations and 
increased risk of NTD. One gene of particular interest is 

Several environmental factors have been associated 
with NTDs. To produce a defect, the external influence 
must be present during the first 28 days of development, 
when the neural tube is forming. Some medications, par-
ticularly those that interfere with, or deplete, folic acid, 
increase the risk of NTDs. For instance, the antiepileptic 
medication carbamazepine has been associated with an 
increased risk of spina bifida (11). Valproic acid, an anti-
epileptic medication used also for treatment of bipolar 
and personality disorders, has been associated with a 
10-fold to 20-fold increased risk of NTDs (12). Another 
example of environmental exposure and increased risk 
of NTDs was documented in women living on the 
Texas–Mexico border who were exposed to the fungal 
toxin fumonisin (13). Maternal hyperthermia, including 
fever and heat exposure (such as a hot tub or sauna), also 

Table 1. Neural Tube Defect Pathophysiology ^

Neural Tube Defect  Malformation

Cranial

Anencephaly Failure of fusion of cephalic portion  
 of neural folds; absence of all or  
 part of brain, skull, and skin

Exencephaly Failure of scalp and skull formation;  
 exteriorization of abnormally   
 formed brain 

Encephalocele Failure of complete skull formation;  
 extrusion of brain tissue into mem- 
 branous sac

Iniencephaly Defect of cervical and upper thorac- 
 ic vertebrae; abnormally formed  
 brain tissue and extreme retroflex- 
 ion of upper spine

Spinal

Spina bifida  Failure of fusion of caudal portion  
   of neural tube, usually of 3–5 contig- 
   uous vertebrae; spinal cord or   
   meninges, or both, exposed to amni- 
   otic fluid

Meningocele   Failure of fusion of caudal portion of  
   neural tube; meninges exposed

Myelomeningocele   Failure of fusion of caudal portion of  
   neural tube; meninges and neural tis- 
   sue exposed

Myeloschisis   Failure of fusion of caudal portion of  
   neural tube; flattened mass of neural  
   tissue exposed

Holorachischisis   Failure of fusion of vertebral arches;  
   entire spinal cord exposed

Craniorachischisis   Coexisting anencephaly and open 
   neural tube defect, often in the  
   cervical–thoracic region
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the methylenetetrahydrofolate reductase (MTHFR) gene, 
which encodes a cytoplasmic enzyme involved in the 
conversion of homocysteine to methionine. Specific poly-
morphisms, C677T, in this gene have been associated with 
a higher frequency of NTDs in some populations, but not 
others (26). Given these inconsistent associations, routine 
screening for MTHFR status is not recommended. 

A genetic contribution to NTDs also is reflected in 
the association between family history and increased 
NTD risk. The increased NTD risk for relatives of an 
affected individual has been well documented, and 
parents who have had one child with an NTD are at sig-
nificantly increased risk of having another child with the 
same or a similar defect (27). The risk of having a fetus 
with an NTD when there is an affected sibling, a second-
degree relative, or a third-degree relative is 3.2%, 0.5%, 
and 0.17%, respectively. With two affected siblings, the 
risk is 10% (28, 29).

Pathophysiology
Defects in neural tube closure can occur at any level, as 
summarized in Table 1. Closure defects at the cephalic 
portion of the neural groove result in anencephaly. 
Secondary consequences of anencephaly include absent 
or partial development of the forebrain with degeneration 
of the exposed neural tissue, incomplete development 
of the calvarium, and abnormal facial features, includ-
ing cleft palate and abnormalities of the auricular area. 
Typically, anencephalic infants are stillborn, or survive 
only a few hours or days after delivery. 

Closure defects of the cervical and upper thoracic 
areas result in iniencephaly, with abnormalities of the 
associated vertebrae, retroflexion of the upper spine, 
defects of the thoracic cage, and abnormalities in devel-
opment of the diaphragm, lungs, and heart (30). Failure 
of fusion at the caudal end of the neural tube results in 
abnormalities of the lower end of the spinal column, 
which may involve exposure of the meninges (menin-
gocele), or exposure of the meninges and neural tis-
sues (myelomeningocele); the lumbosacral regions are 
most commonly affected. Associated anatomic changes 
include hydrocephalus, abnormal head shape, decreased 
biparietal diameter or head circumference, and Arnold–
Chiari or Chiari type II malformation (herniation of 
the hindbrain) (31). Talipes equinovarus (clubfoot) and 
scoliosis are also commonly associated with spina bifida. 

Clinical Consequences
The finding of an NTD has implications for the ongo-
ing pregnancy, neonatal management, and long-term 
health for the affected child. Pregnancies complicated by 
spina bifida require specialized care with consultation or 

management by a team, including maternal–fetal medi-
cine, neonatology, pediatric neurosurgery, and genetics. 
Polyhydramnios can occur as a result of impaired fetal 
swallowing especially with anencephaly and higher-level 
spinal lesions and those lesions associated with aneu-
ploidy, leading to uterine overdistention and increased 
risk of preterm contractions, umbilical cord prolapse, and 
placental abruption. Breech presentation is common at 
term with anencephaly and spina bifida.

For the affected newborn, the clinical consequences 
of spina bifida are significant. Size and location of the 
lesion and the presence of hydrocephalus are important 
prognostic factors for infants with NTDs. However, with 
surgical and medical management, at least 75% of infants 
with myelomeningocele will survive to early adulthood 
(32). Most infants with spina bifida and ventriculomegaly 
require ventriculoperitoneal shunt placement in their first 
year, and at least two thirds require several nonelective 
shunt revisions over the course of their lives (32, 33). 
Worsening of the Arnold–Chiari malformation, due in 
part to the small size of the posterior fossa, can cause 
severe or even lethal neurologic dysfunction. Intelligence 
is correlated with the level of the spinal disruption and 
the presence of hydrocephalus. Patients with myelome-
ningocele can have normal initial intelligence, but cog-
nitive deficits are common and relate to the associated 
Arnold–Chiari malformation, its resultant hydrocepha-
lus, and the status of the midbrain, cortex, and corpus 
callosum (34).

Ambulation is another concern for patients with 
spina bifida. The level of the lesion and the strength 
of the quadriceps, hamstring, and iliopsoas muscles 
generally are predictive of ambulatory function (35). A 
recent study confirmed that patients with motor level 
dysfunction at the L4 level or below have better physical 
function than those patients with higher-level lesions. 
Additionally, although scoliosis occurs in about one 
half of cases with spina bifida, it is not associated with 
decreased physical capability (36). 

Impaired function of the bowel and bladder is 
common in patients with NTDs. Most patients with 
myelomeningocele have lower urinary tract dysfunction 
(neurogenic bladder); the level of the spinal lesion is 
not necessarily associated with bladder function (37). 
Voiding dysfunction also is associated with development 
of chronic renal disease, and approximately 30–40% 
of children with myelomeningocele eventually develop 
renal dysfunction (38). Renal dysfunction has been asso-
ciated with death in nearly one third of patients with open 
spina bifida (39). Therefore, aggressive management of 
bladder dysfunction is important to preserve upper uri-
nary tract function. Nearly all patients with open NTDs 
have innervation abnormalities of the bowel and anus 
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and pyrimidines for DNA replication and methyl group 
transfer to macromolecules. Many folate-dependent 
reactions are important for cell growth and proliferation, 
crucial processes during neural tube formation. Thus, it 
is biologically plausible that the interruption of folate 
pathways in the embryo could result in aberrant neural 
tube closure (2). The important role of folate in neural 
tube closure is illustrated by the fact that certain medi-
cations that are associated with increased risk of NTDs 
such as diphenylhydantoin, aminopterin, and carbamaze-
pine interfere with folic acid metabolism (50). 

The association between folic acid supplementation 
and decreased risk of NTDs is well established, and 
folate supplementation remains an important prepreg-
nancy and prenatal recommendation. However, at least 
30% of NTDs are not prevented by folic acid supplemen-
tation (51), which underscores the multifactorial etiol-
ogy of NTDs. Current areas of research, many involving 
the use of murine models, are exploring other pathways 
or mechanisms, including neuronal migration pathways, 
cell signaling, mitochondrial folate metabolism, and 
inositol pathways (52). 

Clinical Considerations and 
Recommendations

 Which folic acid supplementation regimen is 
recommended for preventing neural tube 
defects?

It is well established that folic acid supplementation 
decreases the risk of a first occurrence and recurrence of 
isolated, nonsyndromic NTDs. The first recommenda-
tions regarding folic acid supplementation were made in 
1992, when the U.S. Public Health Service recommended 
that reproductive-aged women reduce the risk of NTD by 
consuming 400 micrograms of folic acid daily in addi-
tion to eating a folate-rich diet. Several groups, including 
The U.S. Preventive Services Task Force, the American 
College of Medical Genetics and Genomics, and others 
have made similar recommendations (48, 53–55). 

Neural tube closure occurs early in pregnancy, and 
at least one half of all pregnancies are unplanned (56). 
Thus, initiating folate supplementation at the time of 
missed menses is insufficient, as neural tube forma-
tion is already underway. For these reasons, all women 
planning a pregnancy or capable of becoming pregnant 
should take 400 micrograms of folic acid supplemen-
tation daily. Supplementation should begin at least  
1 month before pregnancy and continue through the first 
12 weeks of pregnancy (55).

It has been estimated that between 16% and 58% of 
NTDs could be prevented by folic acid supplementation 

resulting in bowel dysfunction, and most will have fecal 
incontinence (40). Finally, at least one third of individu-
als with an NTD have a severe allergy to latex and can 
have life-threatening reactions after exposure (32). 

Care for an individual with spina bifida is complex 
and typically involves frequent and lifelong medical 
attention with significant direct medical costs. One study 
estimated that the medical expenditures for children 
with spina bifida were 13 times greater than for those 
without; among adults, expenditures were six times 
greater for those affected by spina bifida (41). In addi-
tion, only a minority of adults with spina bifida are able 
to live independently (42), and there are indirect costs 
of disease-associated morbidity and caregiver time and 
expenses (43). 

Role of Folic Acid in Neural Tube 
Development
More than four decades ago it was recognized that 
women with pregnancies complicated by a fetal NTD 
have lower plasma levels of B vitamins, including 
folate, than women whose pregnancies were unaffected 
(44). A multicenter randomized trial demonstrated that 
the recurrence risk of NTDs was reduced by folic acid 
supplementation during pregnancy; 1,817 women at high 
risk by virtue of a previously affected pregnancy were 
enrolled in the study and randomly assigned to receive 
folic acid, other vitamins, both, or neither. Women 
assigned to take 4 mg of folic acid per day before preg-
nancy and through the 12th week of gestation experi-
enced a 72% protective effect (relative risk [RR], 0.28; 
95% CI, 0.12–0.71) (45). Subsequently, a double-blind, 
placebo-controlled, randomized trial demonstrated that 
prepregnancy folic acid supplementation decreased the 
risk of a first occurrence of an NTD (46). The efficacy of 
prepregnancy folic acid supplementation for preventing 
NTDs has since been confirmed by other studies (47). 
The results of the MRC Vitamin Study led to the rec-
ommendation that all women contemplating pregnancy 
should take 400 micrograms of folate daily, and women 
at high risk of pregnancy affected with NTD should take 
4 mg (4,000 micrograms) daily (48). In 1998, the United 
States began mandatory fortification of wheat flour with 
folic acid; several other countries including Canada, 
South Africa, Australia, and countries in South America 
followed suit. In the United States, food fortification has 
been linked to a 19% decrease in all NTDs, with an 11% 
decrease in anencephaly and a 23% reduction in spina 
bifida (49). 

Despite years of ongoing research, the precise 
mechanism through which folic acid prevents NTDs has 
not been fully defined. Folic acid is involved in one-
carbon metabolism, which includes synthesis of purines 
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 What are the roles of maternal serum alpha-
fetoprotein testing and ultrasonography in 
screening for neural tube defects?

Maternal serum alpha-fetoprotein (MSAFP) screening, 
usually as part of a broader screening for aneuploidy, 
has been used as a primary prenatal screening method 
for NTDs since the 1980s. Alpha-fetoprotein is a gly-
coprotein that is secreted by the fetal yolk sac and liver, 
and fetal serum concentrations are 150–200 times those 
of amniotic fluid (64). Levels of MSAFP increase early 
in pregnancy, and serum screening was optimized to 
differentiate normal from abnormal MSAFP results in 
the second trimester between 15 weeks and 18 weeks 
of gestation. Maternal serum alpha-fetoprotein levels 
are reported in multiples of the median (MoM) using 
unaffected pregnancies of the same gestational age as 
the reference group. The detection rate is expected to 
be greater than 95% for anencephaly and between 65% 
and 80% for open NTDs when MSAFP is elevated to  
2.5 multiples of the median or greater, with false positive 
rates of 1–3% (65). 

As a screening test, an elevated level of MSAFP 
is not diagnostic of an open NTD because it also can 
be explained by inaccurate gestational dating and can 
be found in association with other conditions, such as 
multiple gestation, fetal abdominal wall defects, fetal 
nephrosis, fetal demise, and placental conditions that 
increase risk of adverse events later in pregnancy. Also, 
MSAFP is not usually increased with closed NTDs, 
which limits the value of MSAFP screening. 

With advances in ultrasonography and expansion of 
its use, MSAFP is less important for detection of NTDs 
when high-quality, second-trimester fetal anatomy ultra-
sonography is routinely used. In these cases, the value of 
MSAFP lies more in its screening for other abnormali-
ties and placental complications (66, 67).  

When compared with MSAFP alone, second- 
trimester fetal two-dimensional ultrasonography has a 
higher detection rate for NTDs. In a series of 189 cases 
of NTD, MSAFP was abnormal in only 75% of the 
102 patients who were screened. In contrast, ultrasonog-
raphy identified the NTDs in 96% of the 130 women 
who had their ultrasound examinations either without 
MSAFP or before results of MSAFP screening were 
known (68).

Because of the high sensitivity for NTD detection, 
the presence of typical findings on two-dimensional 
ultrasonography is considered diagnostic of an NTD, 
and additional studies are usually not necessary to con-
firm the diagnosis. Amniocentesis with measurement of 
acetylcholinesterase can help differentiate open NTDs 
from closed NTDs in cases that are not straightforward. 

(57). A recent case–control study reported that pre-
pregnancy folic acid supplementation resulted in a 79% 
reduction in risk of spina bifida and a 57% reduction in 
risk of anencephaly. 

Women at high risk of NTDs should supplement with 
a higher dose of folic acid than 400 micrograms (48). This 
group includes those with histories of previous pregnan-
cies affected with NTDs, women who are affected with 
an NTD themselves, those who have a partner who is 
affected, or those with a partner with a previous affected 
child. Women at high risk of NTDs should take 4 mg 
(4,000 micrograms) of folic acid daily. The daily supple-
ment should be initiated 3 months before pregnancy and 
continued until 12 weeks of gestational age (48, 53). 
Following the recommended supplementation in this 
high-risk group may reduce risk by as much as 70% (58). 

Not all NTDs are preventable through folate acid 
supplementation. These folate-resistant NTDs include 
those associated with poor glucose control in the first 
trimester, hyperthermia, maternal obesity, and aneuploidy 
or genetic disorders. Although folic acid supplementa-
tion in diabetic patients may decrease the risk of NTDs, 
the risk is not eliminated, which emphasizes the impor-
tance of prepregnancy glycemic control (59). Similarly, 
prepregnancy folic acid intake in obese women may not 
decrease the risk of NTDs (60). Antiepileptic medication 
use during pregnancy, particularly valproate, also has been 
associated with folate-resistant NTDs. For these patients, 
the benefit of high-dose folic acid therapy has not been 
definitively proved (61), and recent guidelines for women 
on antiepileptic medications do not recommend higher 
doses of prepregnancy folate supplementation (62).

The risks of higher levels of folic acid supplementa-
tion are believed to be minimal. Folic acid is considered 
nontoxic even at very high doses because it is water 
soluble and rapidly excreted in the urine. Theoretically, 
supplemental folic acid could mask the symptoms of 
pernicious anemia and, thus, delay treatment. However, 
pernicious anemia is an uncommon disorder in young 
women and there is no evidence that supports this or 
other concerns regarding potential folic acid toxicity. No 
high-quality studies have demonstrated an association 
between folic acid supplementation and increased rates 
of twinning (55).

Some over-the-counter multivitamin supplements 
and most prenatal vitamins contain 400 micrograms of 
folic acid. Higher levels of supplementation should be 
achieved by taking an additional folic acid supplement 
and not by taking excess multivitamins. In particular, 
vitamin A is potentially teratogenic at high doses, and 
pregnant women should not take more than 5,000 inter-
national units per day, the amount that typically is found 
in one multivitamin and mineral supplement (63).
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Anencephaly is incompatible with long-term survival, 
and patients should understand the anticipated outcome. 
Outcomes with open spina bifida are highly variable and 
depend on a number of factors, including the location 
and size of the lesion, the presence of hydrocephalus 
or other anomalies, and whether a genetic abnormality 
is present. Counseling should be individualized and as 
specific as possible. A patient with a fetus with an NTD 
should be offered the management options of pregnancy 
termination, expectant management with neonatal sur-
gical repair, and in utero fetal repair for appropriate 
candidates. For the patient who elects to continue the 
pregnancy, genetic evaluation by amniocentesis for chro-
mosomal microarray should be recommended because 
the identification of a genetic abnormality in a fetus 
with an NTD has important implications for counsel-
ing regarding prognosis, pregnancy management, and 
determining whether the patient is a candidate for in 
utero NTD repair (74, 75). Measurement of amniotic 
fluid acetylcholinesterase helps to differentiate between 
open and closed NTDs and is a component of many 
preoperative evaluations for fetal repair. Fetal MRI also 
may be considered for assessment of unclear findings on 
ultrasonography (76). Pregnant women with an ongo-
ing, nonlethal fetal NTD should be referred to a tertiary 
center for full spectrum care, including maternal–fetal 
medicine in collaboration with neonatology, pediatric 
neurosurgery, and genetics. 

There are no well-designed studies that have 
assessed the value of antenatal fetal surveillance in 
pregnancies complicated by spina bifida. However, 
serial ultrasound examination may be considered for 
monitoring fetal growth, head size, and progression of 
hydrocephalus, if present. The fetus with spina bifida is 
not at increased risk of placental insufficiency, and there 
are no data to support the routine use of antenatal fetal 
surveillance in these pregnancies. Delivery of a fetus 
with nonlethal spina bifida should be planned to occur 
in a hospital that provides tertiary neonatal care and has 
personnel capable of managing the spinal defect and 
any immediate complications; evidence suggests that 
outcomes are better in such settings (77). 

 What is the optimal timing and mode of 
delivery of a fetus with a neural tube defect?

Most pregnancies complicated by fetal spina bifida 
will result in delivery at term unless there is a maternal 
or obstetric complication that requires early delivery. 
Generally, delivery at term is preferred. However, a late-
preterm to early-term delivery is indicated if in utero 
fetal surgery has been performed because of the high 
risk of uterine rupture, similar to patients with a previous 

Three-dimensional ultrasonography does not appear 
to be superior to two-dimensional ultrasonography for 
diagnosis, although it may be better for defining the 
upper limit of the lesion in some cases (69).

Ultrasonography in the second trimester is recom-
mended for all pregnant women (70); the optimal time 
for a single ultrasound examination is 18–22 weeks, 
allowing for confirmation of gestational age and screen-
ing for anomalies, including NTDs. An earlier ultra-
sound examination also may be indicated for the patient 
with an abnormal MSAFP or other high-risk condition. 
In a fetus with anencephaly, features visible by ultraso-
nography in the second trimester include the absence of 
a fetal cranium and significant facial dysmorphology. In 
a fetus with spina bifida, the primary ultrasound find-
ings include abnormal posterior vertebral arches and a 
protuberant myelomeningocele sac for open and closed 
NTDs, although these may not be as evident with closed 
spinal abnormalities. Associated findings of open spina 
bifida are seen at 18–22 weeks of gestation in more than 
95% of cases, including an abnormal skull shape (the 
“lemon sign”), an abnormal cerebellum and posterior 
fossa (the “banana sign”), and ventriculomegaly (71).

First-trimester ultrasonography also has been inves-
tigated as a screening tool for NTDs. Although it is 
possible to detect some NTDs in the first trimester, 
the detection rate appears to be much lower than with  
second-trimester ultrasonography (72). Therefore, a 
normal first-trimester ultrasound examination should 
not be substituted for a screening ultrasonography at  
18–22 weeks of gestation. Fetal magnetic resonance imag- 
ing (MRI) has been useful mainly as an adjunct to the 
primary ultrasonography when confirmation is needed 
for equivocal ultrasonographic findings or when a more 
detailed evaluation of the central nervous system is 
indicated for prenatal counseling and planning antenatal 
management (73). Fetal MRI is not recommended as 
a primary screening modality for NTDs or for routine 
evaluation of NTDs that are detected by ultrasonography.

 How should a pregnancy affected with fetal 
neural tube defects be managed?

When an NTD is suspected or detected, the patient 
should be referred to a maternal–fetal medicine unit 
for a specialized ultrasound examination for diagnosis 
or confirmation, to define the location and size of the 
lesion, to ascertain whether secondary findings such as 
hydrocephalus are present, and to determine whether 
the fetus has other structural abnormalities. Given the 
increased risk of other abnormalities, fetal echocardiog-
raphy should be considered. 

Counseling should include a discussion of the 
nature of the lesion and the range of expected outcomes. 
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lowed by the Management of Myelomeningocele Study 
(MOMS), a prospective randomized clinical trial that 
compared standard postnatal repair of myelomeningo-
cele to intrauterine repair of the defect in the second 
trimester. All fetuses were between 19 0/7 weeks and 
25 6/7 weeks of gestation at randomization with a nor-
mal karyotype and an upper border of the spina bifida 
between T1 and S1, and all had evidence of an Arnold–
Chiari malformation on ultrasonography and fetal MRI. 
All fetal repairs were done at one of three sites in the 
United States. A total of 158 patients were random-
ized and evaluated at 12 months after delivery. In utero 
spina bifida closure resulted in a lower incidence of the 
composite outcome of fetal or neonatal death or need 
for shunt placement by 12 months (68% versus 98%, 
RR, 0.70; 97.7% CI, 0.58–0.84) and a lower incidence 
of hindbrain herniation at 12 months (64% versus 96%, 
RR, 0.67; 95% CI, 0.56–0.81). Children who had prena-
tal surgery were more likely to have a level of function 
that was two or more levels better than expected and 
were more likely to be able to walk without devices or 
orthotics. There were no differences between the groups 
with regard to cognitive test scores (83). 

Fetal surgery is not without maternal and obstet-
ric risks. It requires two hysterotomies in the affected 
pregnancy, the first under general anesthesia for the 
fetal repair and a second for the cesarean delivery; 
additionally, because of uterine rupture risk, all future 
pregnancies require cesarean delivery before labor. In 
the MOMS trial, one half of the women who had fetal 
surgery gave birth before 35 weeks, and 11% delivered 
before 30 weeks; 44% had spontaneous rupture of mem-
branes, 20% had oligohydramnios, more than 11% had 
partial or complete dehiscence of their hysterotomies, 
9% required transfusion at delivery, and 5% developed 
pulmonary edema (84). Similar outcomes have been 
reported from other series of patients who underwent in 
utero surgery for a variety of indications (85). Endoscopic 
repair of lumbosacral myelomeningocele has been 
reported and, as techniques evolve, maternal morbidity 
may decrease (86).

Despite the maternal and obstetric risks, in utero 
repair is an option for women who meet appropriate cri-
teria. Counseling should be nondirective and include all 
options, with full disclosure of all potential benefits and 
risks for the fetus and woman, including the implications 
for future pregnancies (87). Fetal repair of myelome-
ningocele should be performed only in an established 
fetal therapy center with the expertise, multidisciplinary 
team, facilities, and services that are required, and with 
an adequate volume of procedures to establish and main-
tain competency, and should follow standard procedures 
derived from the MOMS trial (87, 88).

classical cesarean delivery. Rapidly increasing ventricu-
lomegaly also may prompt delivery before term so that 
a ventriculoperitoneal shunt can be placed. Each case 
should be managed individually in consultation with the 
pediatric neurosurgery and neonatal intensive care teams 
caring for the newborn.

Breech presentation, resulting from fetal neurologic 
dysfunction or hydrocephalus with an enlarged head, 
is common in pregnancies complicated by fetal spina 
bifida. For the breech fetus with an NTD, planned cesar-
ean delivery is standard (78). The best delivery route for 
the fetus with a normal head size in cephalic presentation 
remains controversial. No prospective randomized trial 
of vaginal delivery versus cesarean delivery for vertex 
fetuses with spina bifida has been performed. All studies 
in the current literature are retrospective, with various 
biases. Regardless, the overwhelming majority of the 
published evidence suggests that vaginal delivery does 
not adversely affect neonatal outcome with meningomy-
elocele (78, 79).   

Most studies regarding mode of delivery also are 
limited by lack of long-term follow-up, which is essential 
in evaluating medical care for these infants because loss 
of function and other neurologic reversals are common 
even when surgery is performed early to correct an NTD. 
Because it is not clear whether or how significantly the 
neurologic outcome is affected by the method of delivery 
in these infants, decisions about the timing and route of 
delivery should be made individually in consultation 
with personnel with experience and knowledge of NTDs,  
which may include maternal–fetal medicine specialists, 
neonatologists, and pediatric neurosurgeons. A special 
consideration in the delivery and care of infants with an 
NTD is the use of latex-free gloves because individuals 
with an NTD are at risk of developing a severe, poten-
tially life-threatening allergy to latex (32).

 What is the role of fetal surgery for neural 
tube defects?

The neurologic damage in myelomeningocele is thought 
to be due to two sequential processes, the so-called “two-
hit hypothesis.” The “first hit” is the primary develop-
mental abnormality that causes the open spina bifida; the 
“second hit” is a combination of the inflammation to the 
spinal cord from exposure to amniotic fluid and direct 
trauma to the exposed cord (80, 81). The rationale for 
fetal surgery is that damage to the exposed spinal cord 
is progressive with advancing gestation. Therefore, early 
repair of the lesion, in utero, can reduce damage from the 
second hit and, thus, improve clinical outcomes. 

The first successful human fetal surgery for spina 
bifida repair was reported in 1998 (82) and was fol-
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neonatal care and has personnel capable of managing 
the spinal defect and any immediate complications.

The following recommendations are based primar-
ily on consensus and expert opinion (Level C): 

 Because it is not clear whether or how significantly 
the neurologic outcome is affected by the method of 
delivery in these infants, decisions about the timing 
and route of delivery should be made individually in 
consultation with personnel with experience and 
knowledge of NTDs.

 Despite the maternal and obstetric risks, in utero 
repair is an option for women who meet appropriate 
criteria. Counseling should be nondirective and 
include all options, with full disclosure of all poten-
tial benefits and risks for the fetus and woman, 
including the implications for future pregnancies.

For More Information
The American College of Obstetricians and Gynecologists 
has identified additional resources on topics related to this 
document that may be helpful for ob-gyns, other health 
care providers, and patients. You may view these resources 
at www.acog.org/More–Info/NTD. 

These resources are for information only and are not 
meant to be comprehensive. Referral to these resources 
does not imply the American College of Obstetricians and 
Gynecologists’ endorsement of the organization, the orga-
nization’s website, or the content of the resource. These 
resources may change without notice.

References
 1.  Moretti ME, Bar-Oz B, Fried S, Koren G. Maternal hyper-

thermia and the risk for neural tube defects in offspring: 
systematic review and meta-analysis. Epidemiology 
2005;16:216–9. (Systematic Review and Meta-analysis) ^

 2.  Wallingford JB, Niswander LA, Shaw GM, Finnell 
RH. The continuing challenge of understanding, pre-
venting, and treating neural tube defects. Science 
2013;339:1222002. (Level III) ^

 3.  Zaganjor I, Sekkarie A, Tsang BL, Williams J, Razzaghi 
H, Mulinare J, et al. Describing the prevalence of neural 
tube defects worldwide: a systematic literature review. 
PLoS One 2016;11:e0151586. (Systematic Review) ^

 4.  Adzick NS. Fetal surgery for myelomeningocele: trials 
and tribulations. Isabella Forshall Lecture. J Pediatr Surg 
2012;47:273–81. (Level III) ^

 5.  O’Rahilly R, Muller F. The two sites of fusion of the 
neural folds and the two neuropores in the human embryo. 
Teratology 2002;65:162–70. (Level III) ^

Summary of 
Recommendations
The following recommendations are based on 
good and consistent scientific evidence (Level A): 

 All women planning a pregnancy or capable of 
becoming pregnant should take 400 micrograms of 
folic acid supplementation daily. Supplementation 
should begin at least 1 month before pregnancy and 
continue through the first 12 weeks of pregnancy. 

 Women at high risk of NTDs should take 4 mg 
(4,000 micrograms) of folic acid daily. The daily 
supplement should be initiated 3 months before 
pregnancy and continued until 12 weeks of gesta-
tional age.

The following recommendations are based on lim-
ited or inconsistent scientific evidence (Level B): 

 Ultrasonography in the second trimester is recom-
mended for all pregnant women; the optimal time 
for a single ultrasound examination is 18–22 weeks, 
allowing for confirmation of gestational age and 
screening for anomalies, including NTDs. 

 Although it is possible to detect some NTDs in the 
first trimester, the detection rate appears to be much 
lower than with second-trimester ultrasonography. 
Therefore, a normal first-trimester ultrasound exam-
ination should not be substituted for a screening 
ultrasonography at 18–22 weeks.

 A patient with a fetus with an NTD should be 
offered the management options of pregnancy ter-
mination, expectant management with neonatal 
surgical repair, and in utero fetal repair for appropri-
ate candidates.

 For the patient who elects to continue the preg-
nancy, genetic evaluation by amniocentesis for 
chromosomal microarray should be recommended 
because the identification of a genetic abnormality 
in a fetus with an NTD has important implications 
for counseling regarding prognosis, pregnancy man-
agement, and determining whether the patient is a 
candidate for in utero NTD repair.

 Pregnant women with an ongoing, nonlethal fetal 
NTD should be referred to a tertiary center for full 
spectrum care, including maternal–fetal medicine in 
collaboration with neonatology, pediatric neurosur-
gery, and genetics.

 Delivery of a fetus with nonlethal spina bifida should 
be planned to occur in a hospital that provides tertiary 

Copyright ª by The American College of Obstetricians
and Gynecologists. Published by Wolters Kluwer Health, Inc.

Unauthorized reproduction of this article is prohibited.

https://www.acog.org/About-ACOG/404.aspx?aspxerrorpath=/More–Info/NTD
http://journals.lww.com/epidem/Fulltext/2005/03000/Maternal_Hyperthermia_and_the_Risk_for_Neural_Tube.10.aspx
http://journals.lww.com/epidem/Fulltext/2005/03000/Maternal_Hyperthermia_and_the_Risk_for_Neural_Tube.10.aspx
http://science.sciencemag.org/content/339/6123/1222002.long
http://science.sciencemag.org/content/339/6123/1222002.long
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0151586
http://www.jpedsurg.org/article/S0022-3468(11)01001-3/fulltext
http://www.jpedsurg.org/article/S0022-3468(11)01001-3/fulltext
http://onlinelibrary.wiley.com/doi/10.1002/tera.10007/full


VOL. 130, NO. 6, DECEMBER 2017 Practice Bulletin  Neural Tube Defects    e287

21.  Liao Y, Zhang Y, He L, Wang J, Liu X, Zhang N, et al. 
Temporal and spatial analysis of neural tube defects and 
detection of geographical factors in Shanxi Province, 
China. PLoS One 2016;11:e0150332. (Level II-3) ^

 22.  Chen CP. Chromosomal abnormalities associated with 
neural tube defects (I): full aneuploidy. Taiwan J Obstet 
Gynecol 2007;46:325–35. (Level III) ^

 23.  Chen CP. Chromosomal abnormalities associated with 
neural tube defects (II): partial aneuploidy. Taiwan J 
Obstet Gynecol 2007;46:336–51. (Level III) ^

 24.  Chen CP. Syndromes, disorders and maternal risk factors 
associated with neural tube defects (I). Taiwan J Obstet 
Gynecol 2008;47:1–9. (Level III) ^

25.  Harris MJ, Juriloff DM. An update to the list of mouse 
mutants with neural tube closure defects and advances 
toward a complete genetic perspective of neural tube 
closure. Birth Defects Res A Clin Mol Teratol 2010;88: 
653–69. (Level III) ^

 26.  Greene ND, Stanier P, Copp AJ. Genetics of human neural 
tube defects. Hum Mol Genet 2009;18:R113–29. (Level 
III) ^

 27.  Nussbaum RL, McInnes RR, Willard HF. Complex inheri-
tance of common multifactorial disorders. In: Thompson 
& Thompson genetics in medicine. 8th ed. Philadelphia 
(PA): Elsevier; 2016. p. 133–53. (Level III) ^

 28.  Bonaiti-Pellie C, Smith C. Risk tables for genetic counsel-
ling in some common congenital malformations. J Med 
Genet 1974;11:374–7. (Level II-2) ^

 29.  Toriello HV, Higgins JV. Occurrence of neural tube 
defects among first-, second-, and third-degree relatives 
of probands: results of a United States study. Am J Med 
Genet 1983;15:601–6. (Level II-2)^

 30.  Jones KL, Jones MC, Campo MD. Meningomyelocele, 
anencephaly, iniencephaly sequences. In: Smith’s rec-
ognizable patterns of human malformation. 7th ed. 
Philadelphia (PA): Elsevier; 2013. p. 804–5. (Level III) ^

 31.  Paladini D. Diagnosis of spina bifida and other dysra-
phisms in the fetus. In: Coady AM, Bower S, editors. 
Twining’s textbook of fetal abnormalities. 3rd ed. London 
(UK): Churchill Livingstone; 2015. p. 264–88. (Level III) 
^

 32.  Bowman RM, McLone DG, Grant JA, Tomita T, Ito JA. 
Spina bifida outcome: a 25-year prospective. Pediatr 
Neurosurg 2001;34:114–20. (Level III) ^

 33.  Storrs BB. Ventricular size and intelligence in myelodys-
plastic children. In: Martin AE, editor. Concepts in pedi-
atric neurosurgery. Vol 8. Basel: Karger; 1988. p. 51–6. 
(Level III) ^

 34.  Dennis M, Barnes MA. The cognitive phenotype of 
spina bifida meningomyelocele. Dev Disabil Res Rev 
2010;16:31–9. (Level III) ^

 35.  Dicianno BE, Karmarkar A, Houtrow A, Crytzer TM, 
Cushanick KM, McCoy A, et al. Factors associated with 
mobility outcomes in a national spina bifida patient 
registry. Am J Phys Med Rehabil 2015;94:1015–25.  
(Level II-3) ^

 36.  Sibinski M, Synder M, Higgs ZC, Kujawa J, Grzegorzewski 
A. Quality of life and functional disability in skeletally 

 6.  Wilde JJ, Petersen JR, Niswander L. Genetic, epigenetic, 
and environmental contributions to neural tube closure. 
Annu Rev Genet 2014;48:583–611. (Level III) ^

 7.  Christianson A, Howson CP, Modell B. March of Dimes 
global report on birth defects: the hidden toll of dying and 
disabled children. White Plains (NY): March of Dimes 
Birth Defects Foundation; 2006. (Level III) ^

 8.  Blencowe H, Cousens S, Modell B, Lawn J. Folic acid 
to reduce neonatal mortality from neural tube disorders. 
Int J Epidemiol 2010;39(suppl 1):i110–21. (Systematic 
Review and Meta-analysis) ^

 9.  Parker SE, Mai CT, Canfield MA, Rickard R, Wang 
Y, Meyer RE, et al. Updated national birth preva-
lence estimates for selected birth defects in the United 
States, 2004–2006. Birth Defects Res A Clin Mol Teratol 
2010;88:1008–16. (Level II-3) ^

 10.  Mitchell LE. Epidemiology of neural tube defects. Am J Med  
Genet C Semin Med Genet 2005;135C:88–94. (Level III) ^

 11.  Jentink J, Dolk H, Loane MA, Morris JK, Wellesley D, 
Garne E, et al. Intrauterine exposure to carbamazepine 
and specific congenital malformations: systematic review 
and case-control study. BMJ 2010;341:c6581. (Systematic 
Review and Level II-2)^

 12.  Wlodarczyk BJ, Palacios AM, George TM, Finnell RH. 
Antiepileptic drugs and pregnancy outcomes. Am J Med 
Genet A 2012;158A:2071–90. (Level III) ^

 13.  Missmer SA, Suarez L, Felkner M, Wang E, Merrill AH 
Jr, Rothman KJ, et al. Exposure to fumonisins and the 
occurrence of neural tube defects along the Texas-Mexico 
border. Environ Health Perspect 2006;114:237–41.  
(Level II-2) ^

 14.  Dreier JW, Andersen AM, Berg-Beckhoff G. Systematic 
review and meta-analyses: fever in pregnancy and health 
impacts in the offspring. Pediatrics 2014;133:e674–88. 
(Systematic Review and Meta-analysis) ^

 15. Duong HT, Shahrukh Hashmi S, Ramadhani T, Canfield  
MA, Scheuerle A, Kim Waller D, et al. Maternal use of 
hot tub and major structural birth defects. Birth Defects 
Res A Clin Mol Teratol 2011;91:836–41. (Level II-2) ^

 16.  Wu Y, Wang F, Fu M, Wang C, Quon MJ, Yang P. Cellular 
stress, excessive apoptosis, and the effect of metformin in 
a mouse model of type 2 diabetic embryopathy. Diabetes 
2015;64:2526–36. (Animal study) ^

 17.  Stothard KJ, Tennant PW, Bell R, Rankin J. Maternal 
overweight and obesity and the risk of congeni-
tal anomalies: a systematic review and meta-analysis.  
JAMA 2009;301:636–50. (Systematic Review and  
Meta-analysis) ^

 18.  Rasmussen SA, Chu SY, Kim SY, Schmid CH, Lau 
J. Maternal obesity and risk of neural tube defects: a 
meta-analysis. Am J Obstet Gynecol 2008;198:611–9.  
(Meta-analysis) ^

 19.  Hendricks KA, Simpson JS, Larsen RD. Neural tube 
defects along the Texas-Mexico border, 1993-1995. Am J 
Epidemiol 1999;149:1119–27. (Level II-3) ^

 20.  Egbe AC. Birth defects in the newborn population: 
race and ethnicity. Pediatr Neonatol 2015;56:183–8. 
(Level II-3) ^

Copyright ª by The American College of Obstetricians
and Gynecologists. Published by Wolters Kluwer Health, Inc.

Unauthorized reproduction of this article is prohibited.

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0150332
http://www.sciencedirect.com/science/article/pii/S1028455908600029?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S1028455908600029?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S1028455908600030?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S1028455908600030?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S1028455908600480?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S1028455908600480?via%3Dihub
http://onlinelibrary.wiley.com/doi/10.1002/bdra.20676/abstract
http://onlinelibrary.wiley.com/doi/10.1002/bdra.20676/abstract
https://academic.oup.com/hmg/article-lookup/doi/10.1093/hmg/ddp347
http://jmg.bmj.com/content/jmedgenet/11/4/374.full.pdf
http://jmg.bmj.com/content/jmedgenet/11/4/374.full.pdf
https://www.karger.com/Article/Abstract/56005
https://www.karger.com/Article/Abstract/56005
http://onlinelibrary.wiley.com/doi/10.1002/ddrr.89/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ddrr.89/abstract
https://insights.ovid.com/pubmed?pmid=26488146
http://www.annualreviews.org/doi/full/10.1146/annurev-genet-120213-092208
http://www.marchofdimes.org/global-report-on-birth-defects-the-hidden-toll-of-dying-and-disabled-children-full-report.pdf
http://www.marchofdimes.org/global-report-on-birth-defects-the-hidden-toll-of-dying-and-disabled-children-full-report.pdf
http://www.marchofdimes.org/global-report-on-birth-defects-the-hidden-toll-of-dying-and-disabled-children-full-report.pdf
http://www.marchofdimes.org/global-report-on-birth-defects-the-hidden-toll-of-dying-and-disabled-children-full-report.pdf
https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyq028
http://onlinelibrary.wiley.com/doi/10.1002/bdra.20735/abstract
http://onlinelibrary.wiley.com/doi/10.1002/bdra.20735/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ajmg.c.30057/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ajmg.c.30057/abstract
http://www.bmj.com/content/341/bmj.c6581.long
http://onlinelibrary.wiley.com/doi/10.1002/ajmg.a.35438/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ajmg.a.35438/abstract
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1367837/
http://pediatrics.aappublications.org/content/133/3/e674.long
http://onlinelibrary.wiley.com/doi/10.1002/bdra.20831/abstract
http://onlinelibrary.wiley.com/doi/10.1002/bdra.20831/abstract
http://diabetes.diabetesjournals.org/content/64/7/2526.long
http://diabetes.diabetesjournals.org/content/64/7/2526.long
http://jamanetwork.com/journals/jama/fullarticle/183375
http://www.ajog.org/article/S0002-9378(08)00412-2/fulltext
https://academic.oup.com/aje/article/149/12/1119/122476/Neural-Tube-Defects-along-the-Texas-Mexico-Border?searchresult=1
https://academic.oup.com/aje/article/149/12/1119/122476/Neural-Tube-Defects-along-the-Texas-Mexico-Border?searchresult=1
http://www.pediatr-neonatol.com/article/S1875-9572(14)00170-3/fulltext


e288   Practice Bulletin  Neural Tube Defects OBSTETRICS & GYNECOLOGY

 50.  Hernandez-Diaz S, Werler MM, Walker AM, Mitchell 
AA. Neural tube defects in relation to use of folic acid 
antagonists during pregnancy. Am J Epidemiol 2001; 
153:961–8. (Level II-2) ^

 51.  Blom HJ, Shaw GM, den Heijer M, Finnell RH. Neural 
tube defects and folate: case far from closed. Nat Rev 
Neurosci 2006;7:724–31. (Level III) ^

 52.  Greene ND, Copp AJ. Neural tube defects. Annu Rev 
Neurosci 2014;37:221–42. (Level III) ^

 53.  Toriello HV. Policy statement on folic acid and neural 
tube defects. Policy and Practice Guideline Committee of 
the American College of Medical Genetics. Genet Med 
2011;13:593–6. (Level III) ^

 54.  Zolotor AJ, Carlough MC. Update on prenatal care. Am 
Fam Physician 2014;89:199–208. (Level III) ^

 55.  Bibbins-Domingo K, Grossman DC, Curry SJ, Davidson 
KW, Epling JW Jr, Garcia FA, et al. Folic acid supple-
mentation for the prevention of neural tube defects: 
US Preventive Services Task Force Recommendation 
Statement. US Preventive Services Task Force. JAMA 
2017;317:183–9. (Level III) ^

 56.  Knowledge and use of folic acid by women of child-
bearing age--United States, 1995 and 1998. Centers for 
Disease Control and Prevention. MMWR Morb Mortal 
Wkly Rep 1999;48:325–7. (Level III)^

 57.  Castillo-Lancellotti C, Tur JA, Uauy R. Impact of folic 
acid fortification of flour on neural tube defects: a sys-
tematic review [published erratum appears in Public 
Health Nutr. 2013;16:1527]. Public Health Nutr 2013;16: 
901–11. (Systematic Review) ^

 58.  De-Regil LM, Pena-Rosas JP, Fernandez-Gaxiola AC, 
Rayco-Solon P. Effects and safety of periconceptional 
oral folate supplementation for preventing birth defects. 
Cochrane Database of Systematic Reviews 2015, Issue 
12. Art. No.: CD007950. (Systematic Review and Meta-
analysis) ^

 59.  Correa A, Gilboa SM, Botto LD, Moore CA, Hobbs 
CA, Cleves MA, et al. Lack of periconceptional vita-
mins or supplements that contain folic acid and diabetes 
mellitus-associated birth defects. Am J Obstet Gynecol 
2012;206:218.e1–13. (Level II-2) ^

 60.  Parker SE, Yazdy MM, Tinker SC, Mitchell AA, Werler 
MM. The impact of folic acid intake on the association 
among diabetes mellitus, obesity, and spina bifida. Am J 
Obstet Gynecol 2013;209:239.e1–8. (Level II-2) ^

 61.  Ban L, Fleming KM, Doyle P, Smeeth L, Hubbard RB, 
Fiaschi L, et al. Congenital anomalies in children of 
mothers taking antiepileptic drugs with and without peri-
conceptional high dose folic acid use: a population-based 
cohort study. PLoS One 2015;10:e0131130. (Level II-3) 
^

 62.  Harden CL, Pennell PB, Koppel BS, Hovinga CA, 
Gidal B, Meador KJ, et al. Practice parameter update: 
management issues for women with epilepsy—focus 
on pregnancy (an evidence-based review): vitamin K, 
folic acid, blood levels, and breastfeeding: report of the 
Quality Standards Subcommittee and Therapeutics and 

mature patients with myelomeningocele-related spinal 
deformity. J Pediatr Orthop B 2013;22:106–9. (Level III) 
^

 37.  Marshall DF, Boston VE. Does the absence of anal  
reflexes guarantee a “safe bladder” in children with 
spina bifida? Eur J Pediatr Surg 2001;11(suppl 1):S21–3.  
(Level III) ^

 38.  Muller T, Arbeiter K, Aufricht C. Renal function in 
meningomyelocele: risk factors, chronic renal failure, 
renal replacement therapy and transplantation. Curr Opin 
Urol 2002;12:479–84. (Level III) ^

 39.  Oakeshott P, Hunt GM, Poulton A, Reid F. Expectation of 
life and unexpected death in open spina bifida: a 40-year 
complete, non-selective, longitudinal cohort study. Dev 
Med Child Neurol 2010;52:749–53. (Level III) ^

 40.  Burke R, Liptak GS. Providing a primary care medical 
home for children and youth with spina bifida. Council 
on Children with Disabilities. Pediatrics 2011;128: 
e1645–57. (Level III) ^

 41.  Ouyang L, Grosse SD, Armour BS, Waitzman NJ. Health 
care expenditures of children and adults with spina bifida 
in a privately insured U.S. population. Birth Defects Res 
A Clin Mol Teratol 2007;79:552–8. (Level III) ^

42.  Postma MJ, Londeman J, Veenstra M, de Walle HE, de 
Jong-van den Berg LT. Cost-effectiveness of periconcep-
tional supplementation of folic acid. Pharm World Sci 
2002;24:8–11. (Cost-Benefit) ^

43.  Yi Y, Lindemann M, Colligs A, Snowball C. Economic 
burden of neural tube defects and impact of preven-
tion with folic acid: a literature review. Eur J Pediatr 
2011;170:1391–400. (Level III) ^

44.  Smithells RW, Sheppard S, Schorah CJ. Vitamin deficien-
cies and neural tube defects. Arch Dis Child 1976;51: 
944–50. (Level III) ^

45.  Prevention of neural tube defects: results of the Medical 
Research Council Vitamin Study. MRC Vitamin Study 
Research Group. Lancet 1991;338:131–7. (Systematic 
Review and Meta-analysis) ^

 46.  Czeizel AE, Dudas I. Prevention of the first occurrence of 
neural-tube defects by periconceptional vitamin supple-
mentation. N Engl J Med 1992;327:1832–5. (Level I) ^

 47.  Berry RJ, Li Z, Erickson JD, Li S, Moore CA, Wang H, 
et al. Prevention of neural-tube defects with folic acid in 
China. China-U.S. Collaborative Project for Neural Tube 
Defect Prevention [published erratum appears in N Engl J 
Med 1999;341:1864]. N Engl J Med 1999;341:1485–90. 
(Level II-2) ^

 48.  Wilson RD, Wilson RD, Audibert F, Brock JA, Carroll J, 
et al. Pre-conception folic acid and multivitamin supple-
mentation for the primary and secondary prevention of 
neural tube defects and other folic acid-sensitive congeni-
tal anomalies. Genetics Committee. J Obstet Gynaecol 
Can 2015;37:534–52. (Level III) ^

 49.  Honein MA, Paulozzi LJ, Mathews TJ, Erickson JD, 
Wong LY. Impact of folic acid fortification of the US food 
supply on the occurrence of neural tube defects. JAMA 
2001;285:2981–6. (Level II-3) ^

Copyright ª by The American College of Obstetricians
and Gynecologists. Published by Wolters Kluwer Health, Inc.

Unauthorized reproduction of this article is prohibited.

https://academic.oup.com/aje/search-results?page=1&q=Neural%20tube%20defects%20in%20relation%20to%20use%20of%20folic%20acid%20antagonists%20during%20pregnancy&fl_SiteID=5257&allJournals=1&SearchSourceType=1
https://academic.oup.com/aje/search-results?page=1&q=Neural%20tube%20defects%20in%20relation%20to%20use%20of%20folic%20acid%20antagonists%20during%20pregnancy&fl_SiteID=5257&allJournals=1&SearchSourceType=1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2970514/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2970514/
http://www.annualreviews.org/doi/full/10.1146/annurev-neuro-062012-170354
http://www.annualreviews.org/doi/full/10.1146/annurev-neuro-062012-170354
http://www.nature.com/gim/journal/v13/n6/full/gim9201194a.html?foxtrotcallback=true
http://www.nature.com/gim/journal/v13/n6/full/gim9201194a.html?foxtrotcallback=true
http://www.aafp.org/afp/2014/0201/p199.html#abstract
http://www.aafp.org/afp/2014/0201/p199.html#abstract
http://jamanetwork.com/journals/jama/fullarticle/2596300
http://jamanetwork.com/journals/jama/fullarticle/2596300
https://www.cdc.gov/mmwr/preview/mmwrhtml/00056982.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/00056982.htm
https://www.cambridge.org/core/journals/public-health-nutrition/article/impact-of-folic-acid-fortification-of-flour-on-neural-tube-defects-a-systematic-review/EE00B553A9BD987BADF495B21E3CCF6C
https://www.cambridge.org/core/journals/public-health-nutrition/article/impact-of-folic-acid-fortification-of-flour-on-neural-tube-defects-a-systematic-review/EE00B553A9BD987BADF495B21E3CCF6C
http://onlinelibrary.wiley.com/wol1/doi/10.1002/14651858.CD007950.pub3/abstract
http://onlinelibrary.wiley.com/wol1/doi/10.1002/14651858.CD007950.pub3/abstract
http://www.ajog.org/article/S0002-9378(11)02422-7/abstract
http://www.ajog.org/article/S0002-9378(11)02422-7/abstract
http://www.ajog.org/article/S0002-9378(13)00536-X/abstract
http://www.ajog.org/article/S0002-9378(13)00536-X/abstract
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0131130
http://journals.lww.com/jpo-b/Abstract/2013/03000/Quality_of_life_and_functional_disability_in.5.aspx
https://www.thieme-connect.com/DOI/DOI?10.1055/s-2001-19735
http://journals.lww.com/co-urology/Abstract/2002/11000/Renal_function_in_meningomyelocele__risk_factors,.6.aspx
http://journals.lww.com/co-urology/Abstract/2002/11000/Renal_function_in_meningomyelocele__risk_factors,.6.aspx
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-8749.2009.03543.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-8749.2009.03543.x/abstract
http://pediatrics.aappublications.org/content/128/6/e1645.long
http://pediatrics.aappublications.org/content/128/6/e1645.long
http://onlinelibrary.wiley.com/doi/10.1002/bdra.20360/abstract
http://onlinelibrary.wiley.com/doi/10.1002/bdra.20360/abstract
https://link.springer.com/article/10.1023/A%3A1014848928212
https://link.springer.com/article/10.1023/A%3A1014848928212
https://link.springer.com/article/10.1007%2Fs00431-011-1492-8
https://link.springer.com/article/10.1007%2Fs00431-011-1492-8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1546171/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1546171/
http://www.thelancet.com/journals/lancet/article/PII0140-6736(91)90133-A/fulltext
http://www.nejm.org/doi/full/10.1056/NEJM199212243272602
http://www.nejm.org/doi/full/10.1056/NEJM199911113412001
http://www.sciencedirect.com/science/article/pii/S1701216315302309
http://www.sciencedirect.com/science/article/pii/S1701216315302309
http://jamanetwork.com/journals/jama/fullarticle/193937
http://jamanetwork.com/journals/jama/fullarticle/193937


VOL. 130, NO. 6, DECEMBER 2017 Practice Bulletin  Neural Tube Defects    e289

 76.  Zugazaga Cortazar A, Martin Martinez C, Duran 
Feliubadalo C, Bella Cueto MR, Serra L. Magnetic 
resonance imaging in the prenatal diagnosis of neural tube 
defects. Insights Imaging 2013;4:225–37. (Level III) ^

 77.  Wilkins-Haug L. Considerations for delivery of infants 
with congenital abnormalities. Obstet Gynecol Clin North 
Am 1999;26:399–412, vii. (Level III) ^

 78.  Cochrane D, Aronyk K, Sawatzky B, Wilson D, Steinbok 
P. The effects of labor and delivery on spinal cord func-
tion and ambulation in patients with meningomyelocele. 
Childs Nerv Syst 1991;7:312–5. (Level III) ^

 79.  Luthy DA, Wardinsky T, Shurtleff DB, Hollenbach KA, 
Hickok DE, Nyberg DA, et al. Cesarean section before the 
onset of labor and subsequent motor function in infants 
with meningomyelocele diagnosed antenatally. N Engl J 
Med 1991;324:662–6. (Level II-3) ^

 80.  Hutchins GM, Meuli M, Meuli-Simmen C, Jordan MA, 
Heffez DS, Blakemore KJ. Acquired spinal cord injury 
in human fetuses with myelomeningocele. Pediatr Pathol 
Lab Med 1996;16:701–12. (Level III) ^

 81.  Meuli M, Meuli-Simmen C, Hutchins GM, Seller MJ, 
Harrison MR, Adzick NS. The spinal cord lesion in 
human fetuses with myelomeningocele: implications for 
fetal surgery. J Pediatr Surg 1997;32:448–52. (Level III) 
^

 82.  Tulipan N, Bruner JP. Myelomeningocele repair in utero: 
a report of three cases. Pediatr Neurosurg 1998;28:177–80. 
(Level III) ^

 83.  Adzick NS, Thom EA, Spong CY, Brock JW III, Burrows 
PK, Johnson MP, et al. A randomized trial of prenatal 
versus postnatal repair of myelomeningocele. MOMS 
Investigators. N Engl J Med 2011;364:993–1004. (Level I) 
^

 84.  Johnson MP, Bennett KA, Rand L, Burrows PK, Thom 
EA, Howell LJ, et al. The management of myelome-
ningocele study: obstetrical outcomes and risk factors 
for obstetrical complications following prenatal surgery.  
Am J Obstet Gynecol 2016;215:778.e1–9. (Level I) ^

 85.  Wilson RD, Lemerand K, Johnson MP, Flake AW, 
Bebbington M, Hedrick HL, et al. Reproductive outcomes 
in subsequent pregnancies after a pregnancy complicated 
by open maternal-fetal surgery (1996-2007). Am J Obstet 
Gynecol 2010;203:209.e1–6. (Level III) ^

 86.  Pedreira DA, Zanon N, Nishikuni K, Moreira de Sa 
RA, Acacio GL, Chmait RH, et al. Endoscopic surgery 
for the antenatal treatment of myelomeningocele: the 
CECAM trial. Am J Obstet Gynecol 2016;214:111.e1–11.  
(Level III) ^

 87.  Maternal–fetal surgery for myelomeningocele. Committee 
Opinion No. 550. American College of Obstetricians 
and Gynecologists. Obstet Gynecol 2013;121:218–9.  
(Level III) ^

 88.  Cohen AR, Couto J, Cummings JJ, Johnson A, Joseph G, 
Kaufman BA, et al. Position statement on fetal myelome-
ningocele repair. Am J Obstet Gynecol 2014;210:107–11. 
(Level III) ^

Technology Assessment Subcommittee of the American 
Academy of Neurology and American Epilepsy Society. 
Neurology 2009;73:142–9. (Level III) ^

 63.  Rothman KJ, Moore LL, Singer MR, Nguyen US, 
Mannino S, Milunsky A. Teratogenicity of high vitamin A 
intake. N Engl J Med 1995;333:1369–73. (Level II-2) ^

 64.  Habib ZA. Maternal serum alpha-feto-protein: its value in 
antenatal diagnosis of genetic disease and in obstetrical- 
gynaecological care. Acta Obstet Gynecol Scand 1977; 
(suppl 61):1–92. (Level III) ^

 65.  Bradley LA, Palomaki GE, McDowell GA. Technical 
standards and guidelines: prenatal screening for open 
neural tube defects. ONTD Working Group, ACMG 
Laboratory Quality Assurance Committee. Genet Med 
2005;7:355–69. (Level III) ^

 66.  Chandra S, Scott H, Dodds L, Watts C, Blight C, Van 
Den Hof M. Unexplained elevated maternal serum alpha-
fetoprotein and/or human chorionic gonadotropin and 
the risk of adverse outcomes. Am J Obstet Gynecol 
2003;189:775–81. (Level II-3) ^

 67.  Dugoff L, Hobbins JC, Malone FD, Vidaver J, Sullivan 
L, Canick JA, et al. Quad screen as a predictor of adverse 
pregnancy outcome. Obstet Gynecol 2005;106:260–7. 
(Level II-2) ^

 68.  Norem CT, Schoen EJ, Walton DL, Krieger RC, O’Keefe 
J, To TT, et al. Routine ultrasonography compared with 
maternal serum alpha-fetoprotein for neural tube defect 
screening. Obstet Gynecol 2005;106:747–52. (Level III) 
^

 69.  Cameron M, Moran P. Prenatal screening and diagnosis of 
neural tube defects. Prenat Diagn 2009;29:402–11. (Level 
III) ^

 70.  Ultrasound in pregnancy. Practice Bulletin No. 175. 
American College of Obstetricians and Gynecologists. 
Obstet Gynecol 2016;128:e241–56. (Level III) ^

 71.  Wilson RD. Prenatal screening, diagnosis, and pregnancy 
management of fetal neural tube defects. SOGC Genetics 
Committee. J Obstet Gynaecol Can 2014;36:927–39. 
(Level III) ^

 72.  Fong KW, Toi A, Okun N, Al-Shami E, Menezes RJ. 
Retrospective review of diagnostic performance of intra-
cranial translucency in detection of open spina bifida at 
the 11-13-week scan. Ultrasound Obstet Gynecol 2011; 
38:630–4. (Level II-3) ^

 73.  Glenn OA, Cuneo AA, Barkovich AJ, Hashemi Z, Bartha 
AI, Xu D. Malformations of cortical development: 
diagnostic accuracy of fetal MR imaging. Radiology 
2012;263:843–55. (Level II-3) ^

 74.  Prenatal diagnostic testing for genetic disorders. Practice 
Bulletin No. 162. American College of Obstetricians 
and Gynecologists. Obstet Gynecol 2016;127:e108–22. 
(Level III) ^

 75.  Microarrays and next-generation sequencing technol-
ogy: the use of advanced genetic diagnostic tools in 
obstetrics and gynecology. Committee Opinion No. 682. 
American College of Obstetricians and Gynecologists. 
Obstet Gynecol 2016;128:e262–8. (Level III) ^

Copyright ª by The American College of Obstetricians
and Gynecologists. Published by Wolters Kluwer Health, Inc.

Unauthorized reproduction of this article is prohibited.

https://link.springer.com/article/10.1007%2Fs13244-013-0223-2
http://www.sciencedirect.com/science/article/pii/S0889854505700826
http://www.sciencedirect.com/science/article/pii/S0889854505700826
https://link.springer.com/article/10.1007/BF00304828
http://www.nejm.org/doi/full/10.1056/NEJM199103073241004
http://www.nejm.org/doi/full/10.1056/NEJM199103073241004
http://www.tandfonline.com/doi/abs/10.1080/15513819609169297
http://www.tandfonline.com/doi/abs/10.1080/15513819609169297
http://www.jpedsurg.org/article/S0022-3468(97)90603-5/pdf
https://www.karger.com/Article/Abstract/28645
http://www.nejm.org/doi/full/10.1056/NEJMoa1014379
http://www.ajog.org/article/S0002-9378(16)30526-9/fulltext
http://www.ajog.org/article/S0002-9378(10)00348-0/fulltext
http://www.ajog.org/article/S0002-9378(10)00348-0/fulltext
http://www.ajog.org/article/S0002-9378(15)01104-7/fulltext
http://journals.lww.com/greenjournal/Fulltext/2013/01000/Committee_Opinion_No__550___Maternal_Fetal_Surgery.49.aspx
http://www.ajog.org/article/S0002-9378(13)00957-5/abstract
http://www.neurology.org/content/73/2/142.abstract
http://www.nejm.org/doi/full/10.1056/NEJM199511233332101
http://www.tandfonline.com/doi/abs/10.3109/00016347709156333?journalCode=iobs20
http://www.tandfonline.com/doi/abs/10.3109/00016347709156333?journalCode=iobs20
http://www.nature.com/gim/journal/v7/n5/abs/gim200570a.html
http://www.nature.com/gim/journal/v7/n5/abs/gim200570a.html
http://www.ajog.org/article/S0002-9378(03)00769-5/fulltext
http://www.ajog.org/article/S0002-9378(03)00769-5/fulltext
http://journals.lww.com/greenjournal/Fulltext/2005/08000/Quad_Screen_as_a_Predictor_of_Adverse_Pregnancy.9.aspx
http://journals.lww.com/greenjournal/Fulltext/2005/10000/Routine_Ultrasonography_Compared_With_Maternal.14.aspx
http://onlinelibrary.wiley.com/doi/10.1002/pd.2250/abstract
http://journals.lww.com/greenjournal/Fulltext/2016/12000/Practice_Bulletin_No__175___Ultrasound_in.53.aspx
http://www.sciencedirect.com/science/article/pii/S1701216315304448
http://onlinelibrary.wiley.com/doi/10.1002/uog.8994/abstract
http://onlinelibrary.wiley.com/doi/10.1002/uog.8994/abstract
http://pubs.rsna.org/doi/abs/10.1148/radiol.12102492
http://pubs.rsna.org/doi/abs/10.1148/radiol.12102492
http://journals.lww.com/greenjournal/Fulltext/2016/05000/Practice_Bulletin_No__162___Prenatal_Diagnostic.40.aspx
http://journals.lww.com/greenjournal/Fulltext/2016/12000/Committee_Opinion_No_682___Microarrays_and.55.aspx


e290   Practice Bulletin  Neural Tube Defects OBSTETRICS & GYNECOLOGY

The MEDLINE database, the Cochrane Library, and 
ACOG’s own internal resources and documents were used 
to con duct a lit er a ture search to lo cate rel e vant ar ti cles pub-
lished be tween January 2000–August 2017. The search was 
re strict ed to ar ti cles pub lished in the English lan guage. 
Pri or i ty was given to articles re port ing results of orig i nal 
re search, although re view ar ti cles and com men tar ies also 
were consulted. Ab stracts of re search pre sent ed at sym po-
sia and sci en tif ic con fer enc es were not con sid ered adequate 
for in clu sion in this doc u ment. Guide lines pub lished by 
or ga ni za tions or in sti tu tions such as the Na tion al In sti tutes 
of Health and the Amer i can Col lege of Ob ste tri cians and 
Gy ne col o gists were re viewed, and ad di tion al studies were 
located by re view ing bib liographies of identified articles. 
When re li able research was not available, expert opinions 
from ob ste tri cian–gynecologists were used.

Studies were reviewed and evaluated for qual i ty ac cord ing 
to the method outlined by the U.S. Pre ven tive Services 
Task Force:

I Evidence obtained from at least one prop er ly 
de signed randomized controlled trial.

II-1 Evidence obtained from well-designed con trolled 
tri als without randomization.

II-2 Evidence obtained from well-designed co hort or 
case–control analytic studies, pref er a bly from more 
than one center or research group.

II-3 Evidence obtained from multiple time series with or 
with out the intervention. Dra mat ic re sults in un con-
trolled ex per i ments also could be regarded as this 
type of ev i dence.

III Opinions of respected authorities, based on clin i cal 
ex pe ri ence, descriptive stud ies, or re ports of ex pert 
committees.

Based on the highest level of evidence found in the data, 
recommendations are provided and grad ed ac cord ing to the 
following categories:

Level A—Recommendations are based on good and con-
sis tent sci en tif ic evidence.

Level B—Recommendations are based on limited or in con-
sis tent scientific evidence.

Level C—Recommendations are based primarily on con-
sen sus and expert opinion.
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