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Abstract
Incidence Worldwide, the incidence of neural tube defects
(NTDs) varies from 0.17 to 6.39 per 1,000 live births. The
declining prevalence of myelomeningocele, the most
common NTD, is secondary to several factors including
folic acid fortification, prenatal diagnosis with termination
of affected fetuses, and unknown factors.
Impact of changes Of those born with myelomeningocele,
survival during infancy and preschool years has improved
over the last 25 years (Bowman et al., Pediatr Neurosurg
34:114–120, 4). Fewer newborns today require shunt
placement, which will hopefully improve the long-term
mortality associated with this disease (Chakraborty et al., J
Neurosurg Pediatr 1(5):361–365, 13, unpublished data). Of
a cohort born in 1975–1979 and treated at a single US
institution, 74% have survived into young adulthood.
Clinical implications One of the greatest challenges facing
these young adults is the transitioning of their medical care
into an adult medical community.

Keywords Open spinal dysraphism . Prevention surgical
treatment . Multi-speciality care

Introduction

Neural tube defects (NTDs) affect approximately 3,000
pregnancies per year in the US [10]. Myelomeningocele
(open spina bifida) is the most common NTD and the most
severe birth defect compatible with long-term survival.

Although the incidence of NTDs is declining, it continues
to be the cause of significant chronic disability [29, 30].

In the early 1950s, the survival rate for individuals with
myelomeningocele was about 10% [45]. Today, large
numbers of children with myelomeningocele are surviving
into adulthood because of advances in the management of
several important complications [4, 29, 30]. However,
optimal treatment requires multi-speciality care to prevent,
monitor, and treat a variety of potential complications that
can affect function, quality of life, and survival [35]. This
care is ideally provided by a multi-disciplinary team with
expertise in pediatric subspecialties of neurosurgery, ortho-
pedics, neurology, urology, and rehabilitation. Access to
physical and occupational therapists, nutritionists, social
workers, wound specialists, and psychologists is also helpful.

Because of increased survival, many individuals with
myelomeningocele now live long enough to transition to
adult medical providers [30, 47]. This presents new
challenges for many adult providers who may lack experi-
ence in managing these patients. The problem is com-
pounded by the adults with spina bifida who have failed to
acquire the skills needed to live independently and therefore
remain dependent on aging parents or caregivers [30].

The aim of this paper is to review the etiology and incidence
as well as the evolution in the diagnosis and management of
children born with myelomeningocele. We will evaluate the
impact these changes have had on this congenital disease.
Lastly, we will discuss the effect of these changes on the
pediatric multi-disciplinary spina bifida clinics.

Etiology

The majority of myelomeningoceles are isolated malforma-
tions of multi-factorial origin. NTDs also occur as part of
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syndromes, in association with chromosomal disorders, or
as a result of an environmental exposure [51].

Genetics

A genetic factor is suggested by the observations that NTDs
have a high concordance rate in monozygotic twins, are
more frequent among siblings, and are more common in
females compared to males [18, 53]. In addition, there is a
high prevalence of karyotypic abnormalities among fetuses
with NTDs, especially in the presence of other congenital
anomalies. For example, a large study evaluating the
frequency of aneuploidy in pregnancies with fetal NTDs
found aneuploidy in 7% of affected cases [36]. The
majority of the abnormal karyotypes were trisomies, and
most of the trisomy fetuses also had multiple other
congenital anomalies. A second series reported a similar
rate (6.5%) of chromosomal abnormalities in fetuses with
NTDs [16]. These data support the use of fetal karyotyping
as an aid in diagnostic evaluation and recurrence risk
counseling [16, 36]. For a woman delivered of a child with
myelomeningocele, the risk of recurrence in subsequent
pregnancies is 2.5% (about 20 times the rate in the general
population) [16, 53]. A number of genes have now been
isolated in animal models and humans that cause NTDs
[27].

Folate deficiency

Folic acid deficiency has been implicated in the develop-
ment of NTDs, although the exact mechanism by which it
acts is largely unknown. Administrations of folic acid
antagonists (dihydrofolate reductase inhibitors and others)
increase the risk of NTDs. In a large case-control study, the
risk of NTDs (spina bifida or anencephaly) was greater with
exposure to folic acid antagonists (including aminopterin,
carbamazepine, methotrexate, phenobarbital, phenytoin,
primidone, sulfasalazine, triamterene, trimethoprim, and
valproic acid) in the first or second month after the last
menstrual period (adjusted odds ratio 2.8, 95% CI, from 1.7
to 4.6) [28]. Genetic abnormalities involving the metabo-
lism of folate and homocysteine may account for some
cases of NTDs [17, 37]. These disorders may explain why
supplementation with folic acid significantly reduces but
does not eliminate the risk of NTD.

Incidence

The incidence of NTDs (of which myelomeningocele is the
most common) is highly variable and depends upon ethnic,
geographic, and nutritional factors. Prior to the widespread

use of folic acid, the overall incidence of NTDs was noted
to be declining over the last 30 years [57, 63]. Several
researchers documented “epidemics” of NTDs (wide
variation in the incidence over a decade or more in a single
region), notably in several major eastern US cities,
England, Western Germany, and several other countries
[19, 39]. In 1999, Kadir et al. reported a significant decline
in the incidence of NTDs between 1972 and 1990 in
England and Wales nearly two decades prior to the
expanded use of folic acid (from 2.25/1,000 live births in
1972 to 0.48/1,000 live births in 1990) [34].

In the literature, the prevalence of spina bifida ranges
from 0.17 to 6.39 per 1,000 live births [7, 10, 21, 26, 64].
Within the US, previous studies have noted a higher risk
of NTDs in Hispanic population compared to non-
Hispanic whites [7, 8, 62] although this finding is not
supported by the recent report from the centers for disease
control [12]. Prevalence throughout North America has
been shown to be higher in the east and south compared to
the west [57]. In many studies, girls are affected more
often than boys [24].

The highest rates of birth defects reported in recent
literature are in Northern China [64]. In a study conducted
from 2002 to 2004 in the Shanxi province, the frequency of
spina bifida was 6.39 per 1,000 live births. Mothers,
younger than 20 years and older than 30 years, carried a
much higher risk of delivering a child with an NTD (spina
bifida or anencephaly), 40.9 and 20.5 per 1,000 live births,
respectively. Zheng et al. noted a much higher prevalence
of males born with birth defects than females [64].

The increased risk in mothers of advanced age is
supported by an epidemiological study from Northern Iran
from 1998 to 2003. In this report, mothers who were older
than 35 years carried a risk of having a child with an NTD
of 5.1 per 1,000 live births in comparison to younger
mothers whose risk was 2.9 per 1,000 live births (1.6 per
1,000 live births for spina bifida) [23].

Folic acid supplementation/fortification

In 1991, the medical research council vitamin study
research group (UK) demonstrated a significant decrease
in NTDs with periconceptual multi-vitamin (folic acid)
supplementation [50].This study was a double-blind,
placebo-controlled trial in 33 centers across seven
countries. It demonstrated that periconceptional folic acid
supplementation (4 mg/day in mothers with a previous
history of NTD) begun 6 weeks prior to conception was
associated with a risk reduction of 72%.

Since 1992, the US center for disease control has
recommended 400 μg of folic acid daily for all women of
reproductive age [9]. Subsequently, the US food and drug
administration mandated folic acid fortification of all
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enriched grain products by January 1998 [20]. Following
this mandate, the incidence of spina bifida in the US
decreased 22.9% when comparing the period of 1995–1996
to October 1998–December 1999 (from 2.62 to 2.02 per
10,000 live births) [12]. When comparing the early post-
fortification period of 1999–2000 to 2003–2004, the
prevalence further decreased to 1.9 per 10,000 live births.
This risk reduction was noted in both the non-Hispanic
white mothers and Hispanic mothers. The non-Hispanic
blacks appreciated a significant decline in prevalence
during this comparison period of 19.8% (from 2.17 to
1.74 cases per 10,000 live births).

Since this time, many population-based studies have
demonstrated a similar impact on the prevalence of NTDs
with periconceptual folate supplementation (as below).
Interestingly, many studies have shown no decline in NTDs
with government recommendations [3, 5, 22, 25, 54]. In a
national survey completed annually between 2003 and
2007, women in the US 18–24 years of age had the least
awareness regarding folic acid consumption (61%), the
least knowledge regarding timing of folic acid consumption
(6%), and the lowest daily consumption (30%) [11]. The
protective effect of folic acid in reducing the incidence of
NTDs is noted only after fortification programs are initiated
[3, 5, 22, 25, 54].

This finding is in contrast to a recent study from Israel
where a significant decline in the rate of spina bifida was
recorded after the ministry of health recommended peri-
conceptual folic acid supplementation [65]. In Jews, the
rate of spina bifida decreased from 0.49 to 0.27 per 1,000
live births and from 0.95 to 0.62 in Arabs and Druze.
Interestingly, a recent report by Mosley et al. found no
additional protective effect of periconceptual folic acid
supplementation after folate fortification was in effect in the
US [52].

Prenatal diagnosis

The other major impact on the declining birth rate of
children with NTDs is elective termination of the pregnan-
cy following prenatal diagnosis. The impact of termination
on the overall incidence is impossible to determine in the
US given the reason that termination is not reportable [57].
Chan et al. reported a 75.7% decrease in live births with
spina bifida in South Australia from 1966 to 1991
secondary to elective termination [14].

Prenatal diagnosis is accomplished by maternal screen-
ing of serum alpha fetoprotein (AFP) levels and the
diagnosis is established by ultrasonography. Usually, the
obstetrician who suspects an NTD in the fetus will also
recommend an amniocentesis in order to complete a
chromosomal analysis and obtain amniotic fluid for AFP
and acetylcholinesterase [56].

Maternal AFP screening

Maternal serum AFP screening for NTDs is performed in
the second trimester between 15 and 20 weeks of gestation
[56]. AFP screening is primarily intended for the detection
of open myelomeningocele and anencephaly but can also
detect several non-neural fetal abnormalities [56]. It does
not detect skin covered lesions (spina bifida occulta). When
the serum AFP is positive, it is important to repeat the
serum AFP because repeat testing will be negative in many
cases, and such findings are not associated with an
increased frequency of false-negative NTD diagnoses.

Ultrasound findings

Myelomeningocele can be detected before the 12th post-
menstrual week by noting irregularities of the bony spine or
a bulging within the posterior contour of the fetal back [2].
After the 12th postmenstrual week, sonographic fetal
markers for open NTDs include cranial findings: the
“lemon” sign and the “banana” sign [2, 6]. The lemon sign
refers to a concave shape of the frontal calvarium. The
banana sign describes the posterior convexity of the
cerebellum in the presence of spina bifida. These changes
result from the Chiari II malformation (i.e., herniation of
the cerebellum and brainstem through the foramen mag-
num). Other suggestive findings include ventriculomegaly,
microcephaly, and obliteration of the cisterna magnum.

Fetal surgery

Fetal surgery for myelomeningocele can arrest leakage of spinal
fluid from the back and might therefore prevent or reverse the
Chiari II malformation and hydrocephalus. The surgery has
been performed at a few centers since the late 1990s [1, 59].
Preliminary results show that fetal intervention improves the
radiographic appearance of the hindbrain, including reducing
the incidence of Chiari II malformation; it may also improve
lower limb function, but this and other outcomes remain
unproven because of varied selection criteria and lack of a
comparable control group [15, 32]. These issues are being
addressed in the management of myelomeningocele (MOMs)
trial, which began in 2003 and is in progress at three
institutions in the US [58]. Infants are randomized to fetal
surgery at 18 to 25 weeks gestation or neonatal repair.
Outcomes include the need for a shunt at 1 year, neurologic
function, cognitive outcome, and maternal morbidity.

Diagnosis and management

Until the 1950s, hydrocephalus was an important cause of
morbidity and mortality for individuals with myelomenin-
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gocele. The introduction of the valve for the ventricular
cerebrospinal fluid (CSF) shunt in the 1950s offered
effective treatment for hydrocephalus and presented the
possibility of long-term survival for some infants [38].

At first, some providers, including John Lorber in
England, advocated selective treatment for infants with
myelomeningocele, reasoning that many of these children
are a burden for themselves, their family, and society [40–
42]. They advocated active treatment only for infants,
whom they considered to have the best chance of a good
neurologic outcome, amounting to 30% of newborns with
myelomeningocele. The remainder was selected for non-
treatment based on criteria that included hydrocephalus,
paraplegia, severe kyphosis, and associated congenital
defects. These children were given only supportive nursing
care, and antibiotics and artificial feeding were withheld.
Survival of an untreated child was considered an unaccept-
able outcome.

Today most centers treat all viable newborns aggressively
without selection. Non-selective treatment increases overall
survival several-fold, and there is little difference in function-
ality as compared with individuals surviving selective
treatment protocols. Non-selective treatment is the current
standard of care in the US [46, 48]. We await the outcome of
the MOMs study to determine if in utero closure affords
advantages to the child with myelomeningocele.

In the Netherlands between 1997 and 2004, 22 children
with spina bifida were euthanized during the neonatal
period, following a protocol intended to reduce suffering in
terminally ill infants known as the Groningen protocol [60,
61]. This form of active euthanasia has prompted intense
controversy and criticism, in part because of the difficulties
of objectively determining suffering in an infant, predicting
survival and quality of life, and because the infant patient
cannot participate in the decision about his or her treatment
[33, 43].

Impact of changes

Birth rate/mortality

The long-term outcome of non-selective treatment for
myelomeningocele was outlined in a review of 118 infants
with myelomeningocele born between 1975 and 1979 who
had their original back closure at the Children’s Memorial
Hospital in Chicago, IL, USA [4]. This cohort has been
followed prospectively throughout childhood, and their
continual progress is reported at regular intervals [4, 44, 49].

When comparing this older cohort to children born
between 2000 and 2004 treated at the same institution, two
notable differences are apparent (unpublished data). As
anticipated, there is a decline in the number of live births

with myelomeningocele who present for initial back closure
to our tertiary care medical center. During 1975–1979, 118
children (range of 16–32 live births/year) presented for
closure as compared to the younger cohort consisting of 40
children (range of 1–13 live births/year).

In the older cohort, the overall mortality at the 20–
25-year follow-up was 24% and continued to increase into
young adulthood [4]. A majority of the deaths occurred
during infancy and the preschool years (18/28). Most of the
children died secondary to hindbrain dysfunction (13/18).
As expected, the cohort who died had a higher rate of
posterior cervical decompression with tracheostomies and/or
gastrostomy tubes.

In comparison, in the cohort born in 2000–2004, none of
the patients have died during infancy or the preschool years
(unpublished data). Four children have undergone a posterior
cervical decompression, but only one child required a
tracheostomy placement with long-term ventilator support.
She will soon be decanulated. Four children have required
gastrostomy tube placement, three have been removed.

Shunt dependency

In the older cohort, 86% of patients had undergone CSF
diversion and 95% of those with shunts had undergone at
least one shunt revision.

In the children born between 2000 and 2004, the rate of
shunt placement is 65% (26/40 patients). Of those shunted,
71% have undergone at least one revision. This decreased
rate of shunt placement is not as low as the one recently
reported by Chakraborty et al. [13]. The group from Great
Ormond Street, London has been able to decrease the rate
of shunt placement to 51%. As with us, they are reserving
shunt placement for those children with symptoms, massive
hydrocephalus, or significant progressive ventriculomegaly
after back closure.

Clinical implications

Over the last 25 years, as the incidence of live births with
myelomeningocele decreased, fortunately, the severity of
the disease has also lessened. Far fewer children now die
during infancy and early childhood. The outcome of
children born with myelomeningocele has improved. Not
only do we have a very large group of patients who are
becoming young adults, but we have also noted a
significant decline in the mortality rate within the first few
years of life. Given the decrease in shunt dependency, it is
our hope that the overall mortality rate associated with this
disease will decline. In older cohort of children born
between 1975 and 1979, the most common cause of death
was an unrecognized shunt malfunction.
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Although it is a success for the children, families, and
medical team, the increased survival now presents a
challenging issue for adult medical providers. Many adult
medical practitioners are uncomfortable caring for individ-
uals with chronic, congenital illnesses, yet their pediatric
colleagues are uncomfortable caring for an adult patient.
This presents a quandary for the young adult with
myelomeningocele.

One of the biggest challenges facing the pediatric multi-
disciplinary spina bifida clinics is the transitioning of the
young adults into an appropriate medical setting/care.
Kaufman et al. documented a significant correlation of
increased morbidity (amputation and nephrectomy) in spina
bifida patients not treated in a multi-disciplinary clinic [35].
Unfortunately, few adult multi-disciplinary clinics are
established [55]. Most of the care of these older patients
is provided by primary care physicians [29, 30].

Not only are few clinics established, but the patients are
quite hesitant to transition to an adult care team [55]. Many
young adults have difficulty leaving the treatment team
they have known throughout their lifetime, and in many
situations, have supported them through life-threatening
illnesses. The biggest insecurity expressed by patients and
their families in transitioning to an adult care team is a lack
of appreciation for the varied symptoms of a shunt
malfunction. As shown by Dr. Hunt and colleagues, the
ongoing disability associated with myelomeningocele is
related to the child’s original neurologic deficit and
episodes of increased intracranial pressure related to their
shunts [29–31]. It is the responsibility of the pediatric
multi-disciplinary medical and surgical subspecialists to
assist our adult colleagues in attaining the skills necessary
to care for this population of patients who are surviving this
complex chronic congenital disease.
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