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Common Congenital Neural 
Tube Anomalies: Epidemiology, 
Classification, Management and 
Outcome
Mohammad Hossein Khosravi and Bita Najafian

Abstract

The prevalence of Congenital central nervous system (CNS) anomalies, 
 including those of the brain and spinal cord, is 3 to 6% in stillbirth and 0.14 to 
0.16% in live births. Holoprosencephaly, spina bifida, anencephaly, and encepha-
locele are major neural tube defects (NTD) encountered in clinical practice. Proper 
management and diagnosis of these conditions mandate a good understanding of 
their etiology and classification. Research is being conducted to investigate the etio-
pathogenesis and treatment of these anomalies. In this chapter, we have reviewed 
the clinical and pathological aspects of the major NTDs and the latest principles of 
their management.

Keywords: the central nervous system, congenital anomalies, Fetal CNS anomalies, 
Neural Tube Defects

1. Introduction

Until recently, central nervous system (CNS) malformations were the second 
most common congenital abnormalities after congenital cardiac defects [1, 2]. 
Recent reports have documented CNS malformations to be the most common 
anomalies among all systems, with a prevalence of 3 to 6% in stillbirth and 0.14 
to 0.16% in live births [3]. There is limited information about the precise etiology 
of congenital CNS anomalies, and most of the cases are idiopathic. It is speculated 
that a combination of genetic and environmental factors plays a major role in the 
pathogenesis of these defects [4]. Management and diagnosis of these conditions 
are challenging and require a proper understanding of their etiology and categories.

CNS anomalies (CNSA) include those of the spinal cord (such as meningocele, 
myelomeningocele, and encephalocele) and brain (including growth disorders of 
the cerebrum, cerebellum, and brain stem) [5]. CNSA may be associated with other 
anomalies pertaining to other systems as well, such as those of the heart [6]. These 
malformations need complex surgeries along with long-term intensive care and 
impose a significant financial impact on the families and healthcare system. In this 
chapter, we review the classification, epidemiology, and the newest modalities of 
treatment of congenital CNS anomalies with respect to NTDs.
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2. Incidence

Despite remarkable developments in diagnostic technologies and therapeutic 
modalities, the epidemiology of congenital CNS anomalies has not changed sig-
nificantly. The prevalence of CNSA varies widely according to geographic regions 
and socioeconomic situations and is reported to be between 1 and 10 in every 1000 
live births [7, 8]. The incidences of anencephaly and spina bifida per 10000 births 
range from 0.7 in central France to 0.9 in Canada, 7.7 in the United Arab Emirates, 
and 11.7 in South America [9]. A recently published systematic review and meta-
analysis, which included 6558 infants, has reported a prevalence of occult spinal 
dysraphism (OSD) with cutaneous stigmata to be 2.8% [10].

3. Classification

In general, NTDs are classified into open and closed defects [11].

3.1 Open NTDs

3.1.1 Craniorachischisis

This is the most severe presentation of NTDs and involves both the spinal and 
cranial parts of the neural tube (Figure 1) [12]. Craniorachischisis is a combination 
of anencephaly with a contiguous bony defect of the spine, both without the neural 
tissue’s meningeal cover.

3.1.2 Iniencephaly

It is a rare severe defect of the occipital bone, with cervical spina bifida and 
retroflexion of the head on the cervical spine. An occipital encephalocele may be 
present. Like anencephaly, there is a strong female preponderance (Figure 2).

Figure 1. 
Diagram of Craniorachischisis.
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3.1.3 Anencephaly

In this defect, the cranial portion of the neural tube fails to close, resulting in 
exencephaly. This ends up in the neural tissue getting a destructive exposure to 
an intra-amniotic environment which turns the exencephaly into anencephaly 
(Figure 3) [12].

3.1.4 Myelomeningocele

In this defect, the posterior part of the spinal portion of the neural tube fails to 
close; This defect occurs most commonly in the lumbar region. A bony defect in the 
vertebral arch provides the condition for the meningeal sac to herniate (Figure 4). 
Myelocele is a similar condition that involves the spinal cord without protrusion of 
the meningeal sac.

3.2 Closed NTDs

3.2.1 Encephalocele

It is defined as a sac-like protrusion of the brain accompanied with or 
without meninges through an opening in the skull (Figure 5). According to 
the type of involved tissues, encephaloceles are classified as meningocele 
(herniation of meninges), encephalomeningocele (herniation of both meninges 
and brain), and encephalomeningocystocele (herniation of meninges, brain, 
and ventricle).

Figure 2. 
Diagram of iniencephaly.
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3.2.2 Meningocele

Meningocele is the protrusion of meninges through the vertebral arch defect 
without the spinal cord (Figure 4) [13]. This defect is macroscopically similar to 
myelomeningocele with differences in the contents of the herniated sac.

3.2.3 Spina bifida Occulta

Abnormal development of the embryonic tail bud results in a wide range of 
spinal cord abnormalities grouped as spina bifida occulta (Figure 2). It is generally 
accompanied by other skeletal defects such as sacral agenesis. The anomaly mostly 
involves sacral and lower lumbar vertebrae.

Figure 3. 
Diagram showing anencephaly.

Figure 4. 
Diagram showing spina bifida occulta, memingocele and myelomeningocele.
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4. Etiology and embryology

Despite recent progress in epidemiologic and clinical research, the exact etiology 
of NTDs has remained undetermined. It is in common agreement that the interactions 
between genetic and environmental factors are the possible etiopathogenic factors 
[14, 15]. More than 70% of cases of NTDs are found to have a genetic etiology [16].

Some of the potential non-genetic environmental risk factors for NTD-affected 
pregnancy are poor socioeconomic status, maternal hyperthermia; maternal 
exposure to high doses of irradiation, certain chemicals, and drugs; cigarette smok-
ing; maternal metabolic diseases, and advanced parental age, including those of 
both mother and father. Pregnancies associated with a fetus with NTD have higher 
chances of going into preterm labor and being delivered prematurely [5, 17, 18]. In 
2008, a large study in California reported that mothers who do not graduate from 
high school or live in neighborhoods under poor socioeconomic conditions have a 
greater risk of delivering an NTD-affected child [19]. Brough et al. elaborated in 
their study that the mothers with higher socioeconomic and educational levels are 
more likely to consume folic acid during preconception and early gestational age 
when the neural tube is developing [20], and this might have contributed to the 
findings of the California study. A meta-analysis regarding the effect of maternal 
age on the risk of NTD reported that mothers older than 40 and younger than 
19 years of age had increased risks of NTD-affected pregnancies [21], the chances 
being higher for spinal Bifida but not for anencephaly. Studies have assessed the 
role of parental occupational exposures in the development of NTDs. Brender et al. 
found self-reported multiple pesticide exposure to be a risk factor for fetal NTD 
[22]. The role of paternal exposures to hazardous materials in increasing the risk of 
NTDs in offsprings was emphasized when studies showed that fathers who work 
as a cook, gardener, janitor, and cleaner have higher chances of getting a child with 
spina bifida, as these professions have a higher likelihood of exposure to hazardous 
chemicals [23]. The occupational exposure of fathers to metal-working oil mists 
and hydrocarbons do not show any association with NTD risk [24]. Caffeine has 
been investigated as another risk factor for NTDs. Past studies have shown that 
higher Caffeine consumption during the year before pregnancy increases the risk 
of spina bifida [25]. The use of antimicrobial medications during the preconception 
period and first trimester of pregnancy are found to be associated with a higher risk 
of anencephaly [26].

Figure 5. 
Diagrams of encephalocele.
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4.1 Genetics of congenital CNS anomalies

In addition to the potential environmental risk factors as outlined above, 
congenital CNSA may be a consequence of genetic disorders. NTD, including 
encephalocele, spina bifida, and exencephaly, have become less prevalent since 
the widespread consumption of folic acid by pregnant women. So the etiology has 
shifted toward mutations in folate-responsive or folate-dependent pathways [27]. 
Knowing the underlying genetic disorders for congenital CNS anomalies helps in 
counseling about the existing pregnancy, as well as the risk of recurrence in future 
ones. Sophisticated genetic investigations are available to detect chromosomal 
anomalies in the cases of NTD.

While a low rate of karyotype abnormality has been reported in isolated 
ventriculomegaly (0 to 3.8%) [28], Dandy-Walker malformation has been associ-
ated with 50% of aneuploidies if associated with other anomalies [29]. In a nearly 
similar pattern, isolated holoprosencephaly is not accompanied by any significant 
genetic anomaly; however, 25 to 50% of cases have been reported to have aneu-
ploidies if associated with other organ anomalies. Holoprosencephaly is detected 
in 70% of Trisomy 13 cases. In the cases with NTDs, Trisomy 13 and 18 are the 
most commonly reported aneuploidies [30]. Studies have reported notable con-
nections between deletions on the long arm of the 13th chromosome and CNS 
 anomalies [31].

Genes participating in folate metabolism have been studied for the pathogenesis 
of NTDs. The C677T and A1298C polymorphisms of methylenetetrahydrofolate 
reductase (MTHFR), encode a key enzyme of folate metabolism responsible for 
homocysteine remethylation [16]. These polymorphisms are associated with a 
1.8fold increase in the risk of NTDs. More than 200 genetic models of NTD have 
been described in mice that can affect the open NTD phenotypes, such as anen-
cephaly, open spina bifida and craniorachischisis. Their roles in human NTDs are 
understudy. Some inbred strain variation in the penetrance and expressivity of 
NTD phenotypes in mice have suggested the roles of modifier gene function. The 
Cecr2 mutation that causes exencephaly in mice is strongly affected in its expression 
by one or more modifier genes on Chromosome 19. Strain differences have also been 
described for non-genetic causes of NTD, including hypoglycemia, hyperthermia, 
valproic acid, and cytochalasins.

4.2 Embryologic formation of neural tube

Formation of the brain and spinal cord begins with the development of the neu-
ral tube through the embryonic process of neurulation. The neural tube is the origin 
of the brain and spinal cord. The process of neurulation, has two separate phases in 
mammalian embryos, termed primary and secondary neurulation [32].

Primary neurulation occurs in the third and fourth weeks of development, 
during which the flat layer of ectodermal cells is transformed into a hollow tube. 
On the 18th day of fertilization, the neural plate is formed by a thickening of the 
embryonal midline dorsal ectoderm. The neural plate develops from the cranial end 
of the embryo moving toward the caudal end. This sentence is deleted ---Then, the 
edges of the neural plate move upward to form the neural fold---. On 19th day, the 
border of the neural plate becomes elevated and folds longitudinally from the head 
to the tail, which results in the formation of a neural groove. By the 23rd day, the 
folds get merged and make the neural tube which is open at both ends. “Closure,” a 
process in which both open ends of the neural tube (neuropores) are closed, occurs 
on the 26th and 28th day of gestational age in rostral and caudal ends, respectively. 
This neural tube closure is initiated at the hindbrain/cervical boundary (Closure 1). 
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Fusion extends into the hindbrain and along the spinal region, leading to several 
closure sites appearing at the midbrain/forebrain boundary (Closure 2) and at the 
rostral extremity of the forebrain (Closure 3). The progression of fusion (‘zipper-
ing’) continues along the spine, ending in the last closure at the posterior neuropore 
at the level of the second sacral segment. This process of neural folding is called 
‘primary’ neurulation.

Stem cell proliferation is the main mechanism involved in secondary neurula-
tion, which is limited to the tailbud. During this process, a rod-like condensation 
is formed, which subsequently becomes cavitated. Cavitation transforms the rod 
into a tube which remains in continuation with the tube constructed as the result of 
primary neurulation. Tail bud develops in tailed mammalians, and as the anatomy 
of humans is tailless, secondary neurulation does not seem to be involved in the 
formation of neural tube defects [8]. Instead, the lateral sclerotome cells derived 
from the multipotential tail bud cell population organize themselves around the 
secondary neural tube to form the sacral and coccygeal vertebrae. Subsequently, the 
caudal-most neural tube degenerates via apoptosis.

Primary neurulation is essential for the formation of the brain and spinal cord. 
Failure of Closure 1 leads to the most severe NTD, called craniorachischisis, which 
comprises an open neural tube encompassing the midbrain, hindbrain, and spinal 
region. In the presence of normal completion of closure one incomplete closure 
of the cranial neural tube leads to anencephaly with may have the defect confined 
to the midbrain (meroanencephaly) or extending into the hindbrain (holoanen-
cephaly). Failure of Closure 3 is uncommon and presents with abnormal face with 
anencephaly. In the spinal region, failure of final closure at the posterior neuropore 
yields an open spina bifida (myelomeningocele). In this anomaly, the upper limit 
of SB depends upon the timing of the arrest of the progression of zippering and, as 
such, may end up at varying axial levels.

A hypothesis forwarded by Morgagni believes that the increased intraventricu-
lar pressure caused by over-production of cerebrospinal fluid (CSF), leads to the 
reopening of an already closed neural tube [33–35].

5. Diagnosis

5.1 Laboratory-based diagnosis of NTDs

Maternal serum alpha-fetoprotein blood levels are used for the screening of CNS 
anomalies in the fetus, in addition to magnetic resonance imaging or ultrasonogra-
phy [36, 37].

5.2 Imaging-based diagnosis of NTDs

Fetal magnetic resonance imaging (MRI) was first reported in 1983 [38]. In 
the late 1990s, fast-sequence MRI was introduced (which eliminated the need for 
maternal sedation), and fetal MRI was preferred by clinicians [39]. Many stud-
ies have reported MRI to be a more accurate technique for diagnosing fetal CNS 
anomalies compared to ultrasound [40, 41].

In 2014, a systematic review was conducted by Rossi et al., which included 13 
original articles and 710 fetuses. This report documented that in addition to con-
firming the US findings in 65.4% of cases, MRI provides additional information 
(especially about midline anomalies) in 22.1% of cases [37]. Overall, MRI was able 
to identify CNS anomalies in 18.4% of cases. Ultrasound was more accurate than 
MRI in 2% of cases. In 30% of cases, the MRI findings of fetal visualization were 
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different from US findings enough to change the management. They reported a 
false-positive rate of 2.5% in diagnosing conditions like midline anomalies, hemor-
rhage, and cell-proliferation disorders by MRI. It is suggested that clinicians should 
combine fetal MRI with 2-or 3-D-US in order to reduce false-positive diagnosis and 
increase the sensitivity [42].

It is known that the placenta plays a key role in the fetal development and in 
protecting the fetus against the maternal immune system and pathogens. There are 
correlations between placental dysfunction and neurodevelopmental injury [43, 
44], and placental ischemia and inflammation can damage the developing fetal 
CNS. Fetal MRI provides the opportunity to accurately assess invivo fetal placental 
and brain function [45]. In intrauterine growth restricted conditions, placentas 
have decreased volume as well as lower apparent diffusion coefficient (ADC) values 
[46–48]. Shapira-Zaltsberg et al., in an interesting study in 2017, evaluated the 
MRI characteristics of the placenta in fetuses with and without CNS anomalies. 
They concluded that in diffusion-weighted imaging (DWI) of fetal MRI, restricted 
diffusion in placenta as well as reduced ADC values are accompanied with fetal CNS 
abnormalities [43].

6. Clinical presentation, management, and outcomes

Clinical presentations are highly dependent on the type, size, and location of 
abnormalities, varying from no evident symptoms to lifelong disabilities and even 
death [10].

6.1 Craniorachischisis

This anomaly is lethal and has no cure or surgical management.

6.2 Anencephaly

Being a condition incompatible with survival, anencephaly diagnosed during 
early pregnancy may result in a legal interruption of pregnancy. The majority of 
anencephalic newborns die within the first day of birth. Surgical treatment is not 
indicated [49].

6.3 Myelomeningocele

If the infant is not affected by other serious anomalies or malformations, most 
cases with myelomeningocele or myelocele survive with a wide range of neurologi-
cal impairments. The level of the defect is a determining factor of the clinical char-
acteristics. In levels below the spinal lesion, patients may face a variety of motor and 
sensory deficits, including bladder incontinence or sexual dysfunction [50]. Most of 
these lesions are managed by surgical intervention, followed by rehabilitation.

6.4 Encephalocele

Content and location of the herniated mass is a predictive marker of prognosis 
and clinical manifestations. “The more rostral the site, the better the prognosis” 
[50]. Epilepsy, sensorial or motor neuron dysfunction, or various degrees of 
developmental deficiencies may occur in cases due to mechanical effects of traction 
and distortion on the brain stem [51]. Some patients may take benefits from surgical 
intervention.
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6.5 Meningocele

Patients usually have a normal neurological examination with no evident 
sphincter dysfunction or deformity of the lower extremities. A simple surgical cor-
rection is the main treatment method.

6.6 Spina Bifida Occulta

Children with spina bifida have a higher first-year mortality rate in comparison 
with the general population [14]. Researchers have shown that children with Spina 
Bifida have increased sedentary behaviors and lower physical activity levels than 
their healthy counterparts [52]. This increases the risk of various comorbidities 
such as diabetes, obesity, thrombosis, etc. Most commonly, this malformation is 
diagnosed later in life as it has no evident neurological manifestations and disabili-
ties. The neurological symptoms may occur when the spinal cord faces damage or 
traction. In symptomatic patients, neurosurgical intervention is the main therapeu-
tic method.

7. Future direction

An extensive review of the literature shows a dearth of epidemiologic and etio-
logic studies. More original studies and meta-analyses are needed to understand the 
genetic and environmental risk factors of NTDs. Although most of the established 
surgical interventions have positive effects, prevention remains the best strategy in 
the management of NTDs.
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