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Prenatal screening for neural tube defects

R. RAJESH, SANJEEV V. THOMAS

ABSTRACT
Neural tube defects are common birth defects with a prevalence
of 4- 15 per 10 000 live-births. Prenatal diagnosis of neural tube
defects has implications in obstetric management and many
countries have successfully reduced their incidence by adopting
nationwide preventive programmes. It is generally accepted that
failure of the neural tube to close causes these defects.
Periconceptional use of antiepileptic drugs such as valproate and
carbamazepine and deficiency of folate is associated with a high
incidence of these defects. Procedures for prenatal diagnosis
include: (i) assessment of serum markers such as maternal serum
alpha-foetoprotein and acetylcholinesterase activity; (ii) prenatal
ultrasonography; and (iii) amniocentesis in selected cases. The
levels of these two serum markers are increased in neural tube
defects and a value of more than two multiples of the median is
considered significant. The optimal time for serum screening is
10-18 weeks. In the case of serum markers it is important to
apply normative data standardized for a laboratory and the
duration of gestation. Antenatal ultrasonography is a simple,
non-invasive and widely available test which has a similar
sensitivity with lower false positivity compared to serum markers.
Early diagnosis by ultrasound demands skill and experience in the
procedure. Levels of amniotic fluid alpha-foetoprotein and
acetylcholinesterase activity are elevated in neural tube defects.
However, increased iatrogenic foetal loss is a disadvantage of this
technique. Detailed counselling of the couple needs to be an
integral part of the prenatal screening programme.
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INTRODUCTION
Neural tube defects (NTDs) are among the most common birth
defects reported worldwide. 1 An estimated 300 000 or more
newborns have NTDs.2 Certain pregnancies carry a higher risk of
NTDs. Prenatal detection of an NTD helps the family and clinician
to cope with the problem more effectively. Extreme forms ofNTD
such as anencephaly are incompatible with life. In such situations,
the pregnancy can be terminated. A vaginal route of delivery may
have to be avoided as it can add to the neurological deficit in a baby
with a spinal meningomyelocoele.' In selected cases, antenatal
repair of NTDs has been attempted."

The prevalence of NTDs in the community ranges from 4 to 15
per 10 000 live-births.i It varies depending upon the ethnicity and
geographic location and ranges from a high of 58 in northern
China and 33 in Mexico to alow of 4 in Switzerland and 8 in Japan
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(per 10 000 live-births).' A high prevalence has been reported
among the Sikh community in India." Within the Indian subcon-
tinent also, the reported rates vary from 6 to 13 per 10 000 live-
births." Sharma et al. have reported a rate of 3.9 per 1000 from
Lucknow.? Much higher figures have been reported from Amritsar
and Chandigarh which have a larger Sikh population. IO A very
high prevalence ofl1.3 per 1000has beenreported from Davangere
in Karnataka.!' However, the prevalence of NTDs has shown a
declining trend in the recent past. 12This could be due to antenatal
detection of NTD followed by medical termination of pregnancy
(MTP) and folate pophylaxis. 12-14A recent study from China has
confirmed the effectiveness of periconceptional folate in a dose of
400 mg/day in the prevention of NTDs. 14

DEVELOPMENTAL ANATOMY
Approximately 18 days after fertilization the neural plate can be
identified as an area of thickened embryonic neuroectoderm that
lies cranial to the primitive streak. At 20-21 days, the neural plate
develops a midline groove that is flanked on either side by a
parallel neural fold. Towards the end ofthe third week (day 22) the
neural folds move towards one another and fuse to form the neural
tube. In a 6-7 somite stage embryo, the neural folds initially fuse
opposite somites 2-7. This part eventually develops into the
occipitocervical region. By 22-23 days, the neural tube is fused
throughout the length of the embryo from the otic plate to somite
12. Fusion progr~sses in both cephalic and caudal directions until
only the ends of the tube remain open; the rostral (anterior)
neuropore and the caudal (posterior) neuropore. At this stage the
central canal is communicating with the amniotic cavity and fluid
through the ends. Closure of the rostral neuropore occurs on day
24 and the caudal neuropore closes about 2 days later (day 26).6 It
is generally accepted that NTDs are caused by the failure of the
neural tube to close. Rarely, a closed tube may reopen. 15

NEURAL TUBE DEFECTS
Neural tube defects can be classified into primary or secondary
types." Primary NTDs are due to failure of the neural tube to close
or disruption of an already closed neural tube between 18 and 28
days of gestation (meningomyelocoele and encephalocoele). Only
5% of all NTDs are secondary. These result from abnormal
development of the caudal cell mass and usually occur following
primary neural tube closure (meningocoele, lipomeningocoele,
sacral agenesis, diastematomyelia and myelocystocoele).

The exact cause of failure of the neural tube to close remains
unknown. However, several factors have been associated with it
(Table 1).16-18

Autosomal dominant and recessive inheritance of NTDs has
been documented. Over 95% of all NTDs occur in couples without
any family history .16Primary NTDs carry an increased empirical
risk for another affected offspring, especially if more than one
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TABLE1. Factors associated with neural tube defects";"

• Maternal diabetes mellitus
• Irradiation
• Hyperthermia
• Prenatal rubella infection
• Drugs: valproate, carbamazepine, trimethadione, aminopterin, thalidomide
• Toxins: alcohol
• Peri conceptional deficiency of folate and cobalamine

pregnancy is affected. The risk is 1 in 33 for couples with one
affected pregnancy and 1 in 10 for those with two affected preg-
nancies."

PRENATAL DIAGNOSIS
An ideal screening test must satisfy the criteria of acceptability,
repeatability and validity, besides others such as yield, simplicity,
safety, rapidity, ease of administration and cost. It should have a
high specificity and sensitivity. Several procedures have been
evaluated for prenatal screening of NTDs and include: (i) serum
markers; (ii) ultrasonography; and (iii) amniotic fluid analysis.
The serum markers used are maternal serum alpha-foetoprotein
(MSAFP), maternal serum oestriol and maternal serum acetyl-
cholinesterase activity.

Alpha-foetoprotein
Alpha-foetoprotein (AFP) is the major circulating serum protein
in the foetus and is foeto-specific; only trace amounts of AFP are
detected in the serum of normal, non-pregnant women. During the
second trimester, some amount of AFP is filtered by the foetal
kidneys and excreted in the amniotic fluid through the urine.
Traces of AFP pass from the amniotic fluid into the maternal blood
across the placenta. In a normal pregnancy, the AFP concentration
is about 150000 ug/L in the foetal blood, 8000 ug/L in the
amniotic fluid and 40 JlglL in the maternal blood. The MSAFP
tends to maintain a linear relationship with the aminotic fluid
level. However, the MSAFP may increase many-fold if some
amount of foetal blood finds its way into the maternal circulation
as happens with disruption of the placental barrier."

The levels of AFP in maternal amniotic fluid and serum
increase progressively through the late first trimester until the
mid-second trimester and thereafter decrease gradually. The me-
dian AFP level in amniotic fluid decreases by 13% every week
through the second trimester." Accordingly, it is essential to
correlate the AFP levels with the precise duration of pregnancy.
The conceptional age of the foetus rather than the gestational age
may have to be followed in this regard. For calculating the
conceptional age it is preferable to use ultrasonographic biomet-
rics rather than head circumference, because the latter may be
increased or decreased due to NTDs.'9 Estimation of MSAFP is a
very sensitive procedure and each laboratory needs to have its own
normative data for different durations of pregnancy. For the same
reason, it is difficult to establish interlaboratory standards. One of
the recommendations to overcome this handicap is to express
MSAFP as a multiple of median (MoM) for that laboratory.
Values above two MoM are considered to be abnormally high.6•20

However, MSAFP can be elevated in several other conditions as
well (Table 11).2'The optimal time for MSAFP as a prenatal
screening procedure is 10-18 weeks, when it has a sensitivity of
70%-80% for open spina bifida and 90% for anencephaly."

Maternal serum acetylcholinesterase
Very few studies are available and normative data for this test have
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TABLEII. Conditions associated with a raised maternal serum
alpha-foetoprotein level

• Congenital nephrosis
• Duodenal atresia
• Foetal death
• Gastroschisis

·Omphalocoele
• Rh isoimmunization
• Trisomy 13; Turner syndrome
• Multiple pregnancy

Pregnancy114-16 weeks
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t
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FIG1. Algorithm for the detection of neural tube defects. NTD
neural tube defect MSAFP maternal serum alpha-foetoprotein

not yet been established. Maternal serum secretory acetyl-
cholinesterase level was found to be low and independent of
gestational age between 14 and 20 weeks in a sample of normal
pregnancies with normal MSAFP levels. The study group com-
prised women with pregnancies between 13 and 24 weeks of
gestation; 98 foetuses were normal, 21 had NTDs and 15had other
complications. Raised levels of maternal serum secretory acetyl-
cholinesterase were found in 100% of pregnancies with spina
bifida (17117) and in 3 of 4 with anencephaly. However, raised
AFP levels were found in 88% (15/17) of spina bifida and 100%
(4/4) of anencephaly cases. Of the 13 pregnancies with a normal
outcome, only 7 showed raised maternal serum acetylcholin-
esterase levels. However, MSAFP was raised in all 13.22 Thus
maternal serum acetylcholinesterase activity may give fewer false-
positive results compared to MSAFP.

Maternal serum oestriol
Certain investigators have examined maternal serum unconjugated
oestriol as a prenatal screening test. To study whether early second
trimester maternal unconjugated serum oestriol is an independent
predictor ofNTDs, of the 57 301 patients who underwent MSAFP
screening at 14-22 weeks of gestation, oestriol level was also
measured in 23415. There were 63 cases of NTDs. Elevated
MSAFP (above 2.5 MoM) was detected in 1346 patients, 48 of
whom had NTDs. A decreased oestriol level was detected in 1437
patients, 17 of whom had NTDs. Fifty-one women had both
increased MSAFP and decreased oestriol; 16 of these women had
foetuses with NTDs, of which 14 were anencephalies. Both
elevated MSAFP and low maternal serum oestriol were predictive
ofNTDs but had a low sensitivity. The combination of abnormally
elevated MSAFP and low oestriol was highly predictive ofNTDs,
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particularly anencephaly. the incidence of NTDs was signifi-
cantly higher in patients with low oestriol levels compared to
patients with normal or high oestriol levels (1.15% v. 0.09%,
p<0.001).23Both the sensitivity and specificity ofthis test appear
to be low.

Prenatal ultrasonography
Prenatal ultrasonography (US) is a simple, non-invasive tech-
nique that is widely available and routinely practiced. Defects
such as anencephaly and encephalocele can be visualized directly.
However, identification of spinal deformities such as meningomy-
elocoele can be difficult. Presence of a spinal dysraphism can be
inferred from certain indirect cranial sonographic features. The
incidence of overt hydrocephalus and enlarged atria is more?4-26In
the posterior fossa, an obliterated cisterna magna and abnormally
low cerebellar transverse diameter are indirect features.F-" Scal-
loping of the frontal bone has been described as the 'lemon' sign."
Even in the late first trimester the 'acorn' sign, i.e. narrowing of
the frontal bones and flattening of the occiput can be evident in
open spina bifida." Normative data for the above-mentioned
measurements are lacking.

In a retrospective study that compared the prenatal US diagno-
sis with autopsy findings, there were 61 intact foetuses following
induced abortion and 36 fragmented foetuses from dilatation and
evacuation (D&E). Complete agreement between the US diagno-
sis and postmortem central nervous system findings was achieved
in 65.5% of intact foetuses. In the D&E specimens, a prenatal
diagnosis ofNTD was confirmed in 90%.30In a 3-year prospective
study comparing prenatal US and MSAFP levels for prenatal
detection of NTDs, the detection rate with MSAFP was slightly
superior (75%) to US (62.5%). However, MSAFP had a high false
positivity compared to US (3.3% v. 0.01 %).20Recent technical
advances in US such as the use of a vaginal probe may increase the
yield of prenatal screening of NTDs.

Amniocentesis
In selected cases, amniocentesis may be helpful. The levels of AFP
and acetylcholinesterase in the amniotic fluid are elevated in
NTDs. Chromosomal studies on amniotic fluid cells are not
routinely required for screening, but may be helpful in predicting
a recurrence and counselling the family regarding future pregnan-
cies. Demonstration of neuroepithelial cells in the amniotic fluid
by immunocytochemical methods in cases of open NTDs may
become a future diagnostic test for prenatal detection ofNTDs.31
Amniocentesis has the advantage of providing an adequate speci-

. men for a variety of biochemical and immunochemical tests and
chromosomal studies. The high cost of the procedure and the
increased iatrogenic foetal loss are limitations of amniocentesis.
Nadel et al.32performed a cost-effective analysis of various
protocols used for the diagnostic evaluation of pregnancies com-
plicated by elevated levels of MSAFP in a hypothetical cohort of
100 000 singleton pregnancies. A strategy of targeted US for an
MSAFP of at least 2.0 MoM detected 90 of 110 structurally
abnormal foetuses without iatrogenic foetal loss, at a cost ofUS$
5700 per anomalous foetus. A strategy of amniocentesis with
karyotype determination for an MSAFP level of at least 2.5 MoM
detected 15 additional abnormal foetuses, with 9 iatrogenic foetal
losses, at an incremental cost of US$ 46 100 per anomalous
foetus. The risk of iatrogenic foetal loss was calculated as 0.5%.
Routine amniocentesis is not justified in pregnancies complicated
by elevated MSAFP.32However, it may be used in cases where
other results are ambiguous or a chromosomal study is indicated.
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None of the above-mentioned tests have been evaluated
adequately in the first trimester of pregnancy, when the informa-
tion is most desired. At present, no definite guidelines are avail-
able for prenatal screening ofNTDs in the first trimester. Though
many countries have successfully implemented programmes for
prenatal detection ofNTDs, systematic protocols are not available
in the literature. Figure 1depicts an algorithm that may be helpful.

COUNSELLING
Counselling is an integral part of any screening programme. Pre-
test counselling includes detailed discussion on the need for and
information regarding the types of tests available and their benefits
and risks. Post-test counselling is mainly about the specificity and
sensitivity of the various test results and options available. This
depends on the type of malformation. In case of major malforma-
tions such as anencephaly, termination of the pregnancy may be a
logical choice. In the case of less severe malformations such as
meningomyelocoele, damage to the spinal cord and risk of paraly-
sis are increased with vaginal delivery. This can be reduced to a
certain extent by performing a caesarean section. Recently, certain
centres have attempted in utero correction of meningomyelocoele
either by endoscopic surgery or by open procedures.P A recent
analysis indicated that such early interventions might prevent
cerebellar herniation into the spinal canal and the resultant ataxia. 34
Foetal hydrocephalus can be treated by placement of a ventriculo-
amniotic fluid shunt that would facilitate vaginal delivery.'

PREVENTION
Neural tube defects are largely preventable. It is importantto avoid
exposure to teratogens; the major ones in clinical practice are
sodium valproate and carbamazepine. The risk of NTDs with
these drugs is 1%-2% and 0.5%-1 %, respectively.P'" The need
for these antiepileptic drugs (AEDs) in women anticipating preg-
nancy should be carefully evaluated. These AEDs can be gradu-
ally withdrawn if a person has been seizure free for two years or
more. A combination of valproate and carbamazepine should be
avoided. The total daily requirement can be administered in
multiple divided doses. It is preferable to avoid very high doses of
valproate (>1000 mg/day) and carbamazepine. Alternate AEDs
such as lamotrigine can be used in high risk cases (women with
a history of pregnancy with NTDs orfamily history ofNTDs). 37,38

The utility of folic acid in preventing a subsequent occurrence
ofNTDs among foetuses of women with a previous affected foetus
was first conclusively demonstrated by the Medical Research
Council randomized study in the UK. Women who took 4 mg of
folic acid daily during the periconceptional period in a subsequent
pregnancy had a 72% reduction in the risk of having an affected
foetus." Subsequently, other researchers showed that multivita-
min supplements containing 0.8 mg of folic acid taken peri-
conceptionally reduced the risk of a first occurrence ofNTDs.40 It
has been recommended that all women who could become preg-
nant should take 400 ug of folic acid daily." As part of a public
health campaign conducted from 1993-95 in an area of China
with high rates of NTDs (the northern region) and one with low
rates (the southern region), the outcome of pregnancy in women
who were asked to take 400 ug of folic acid alone daily from the
time of their premarital examination until the end of their first
trimester of pregnancy was evaluated. By the use ofpericonceptional
folate, the prevalence ofNTDs could be reduced from 4.8 per 1000
to 1per 1000 in the northern region and from 1per 1000 to 0.6 per
1000 in the southern region; both these were statistically signifi-
cant differences. 14
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Consuming foods fortified with folic acid can increase dietary
supplementation of folate." In the USA a few breakfast cereals
contain 0.4 mg offolic acid per serving, and many contain 0.1 mg. S

Fruits and vegetables are natural sources of folate.' All enriched
grain products such as flours and pastas in the USA are now
fortified with 140mg of folic acid per 100g of grain." The optimum
folate requirement for the prevention of NTDs is still controver-
sial. The recommendation ranges from 0.4 to 5 mg per day. In
India a higher dose may be recommended because of the associ-
ated malnutrition and worm infestation.

Neutral tube defects are still a major public health problem.
Many screening tests are available for prenatal detection ofNTDs,
though a standardized protocol is lacking. They can be diagnosed
with reasonable accuracy by the judicious use of proper tests in an
individual case and can be prevented to a large extent by the
avoidance of known teratogens, good monitoring of AED therapy
and peri conceptional use of folate.
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