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Abstract
The possible teratogenic effects of maternal antiepileptic drugs (AEDs) on the development of the fetus are of
major concern. The fetal risks imposed by these drugs must be weighed against the risks associated with untreated
maternal epilepsy not being treated. Here, we describe an infant with a neural tube defect caused by AEDs
prescribed to the mother during her pregnancy. A female infant was delivered by means of cesarean section after
37+6 weeks of gestation. Her 21-year-old mother had been diagnosed with epilepsy at 2 years of age, following brain
surgery performed for a traffic accident injury. Since the age of 6 years, the mother had been medicated with
lamotrigine (Lamictal®), levetiracetam (Keppra®), and valproate (Depakote®). At birth, the baby exhibited pallor,
severe macrocephaly, a large anterior fontanelle (4 cm × 4 cm), and sutural widening. On her lower back, there was
a 3 cm open spinal dysraphism exposing nervous tissue. On the 11th postnatal day, a ventriculo-peritoneal shunt
was placed and a myelomeningocele removal operation was performed. After this operation, the head circumference
decreased from 44.0 cm to 35.8 cm, and the post-operative period was uneventful. The patient was discharged on
the 24th day. Several case reports and studies have reported that valproate or multi-antiepileptic medication that
contains valproate increased the risk of neural tube defects in the offspring. For women of childbearing age who use
AEDs, clinicians should review pregnancy risk regularly and consider adjusting medication whenever possible.
Additionally, while examing newborns with neural tube defects, clinicians should review prenatal maternal
medication history thoroughly.
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Introduction
Most women with active epilepsy require treatment with
antiepileptic drugs (AEDs) even during pregnancy. AEDs are also
frequently used for other indications, such as migraine, pain
syndromes, and psychiatric disorders, all of which are prevalent among
women of childbearing age. The possible teratogenic effects of AEDs
are therefore of major concern. The risks imposed by these drugs must
be weighed against the risks associated untreated maternal epilepsy.
Adverse drug effects on the fetus can include intrauterine growth
retardation,
congenital
malformations,
impaired
postnatal
development, behavioral problems, and fetal loss.

pregnancy period. She had not taken any type of folic acid. She
experienced seizure attacks five times during this pregnancy, and the
last episode occurred 5 weeks before delivery.
At birth, the baby weighed 2,850 g (36th percentile), was 51 cm long
(85th percentile) and had a head circumference of 44.0 cm (above 97th
percentile). The Apgar score was 3 and 5 at 1 minute and 5 minutes,
respectively. Because of the infant’s erratic respiratory drive,
endotracheal intubation was performed at 3 minutes after birth.
On physical examination, she exhibited pallor, macrocephaly, a large
anterior fontanelle (4 cm × 4 cm), and sutural widening (Figure 1A).
On her lower back, there was an open spinal dysraphism, exposing
nervous tissue (Figure 1B).

Here, we describe an infant with a neural tube defect (NTD) caused
by AEDs prescribed to the mother during her pregnancy period.
Medical records and data concerning this case were anonymized to
protect the confidentiality of the patient.

Case Report
A female infant was delivered by means of a cesarean section after
37+6 weeks of gestation. Her 21-year-old mother had been diagnosed
with epilepsy at 2 years of age, following brain surgery performed for a
traffic accident injury. Since the age of 6, the mother had been
medicated with lamotrigine (Lamictal®), levetiracetam (Keppra®), and
valproate (Depakote®), and her medication was not changed during
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Figure 1: Clinical images of the newborn immediately after birth
showing A: Macrocephaly with frontal bossing and B: Open
myelomeningocele with exposed neural tissue.
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No facial dysmorphism or deformities of the extremities were noted.
Primitive reflexes, including suction and grasp reflexes, were intact.
However, physical activity and muscle tone was diminished. She did
not present any convulsion. Laboratory data were all within normal
limits. A brain computed tomography scan performed on the 1st day
demonstrated massive dilation of both the lateral and 3rd ventricles,
consistent with a diagnosis of obstructive hydrocephalus. A brain MRI
performed on the 2nd day confirmed these dilations, predominantly at
the posterior horn, but also revealed a normal-sized 4th ventricle and
bilateral cerebellar tonsilar herniation through the foramen magnum.
Furthermore, there was agenesis of the septum pellucidum and the
corpus callosum (Figure 2).

dimensions), with a bony defect of the posterior element of the
vertebrae from L3 to S1 (Figure 3).
The myelomeningocele contained the neural placode and nerve
roots originating from the ventral placode surface stretched
posteriorly.
The newborn’s respiration was stabilized shortly, and she was
extubated the day after birth. For the open spinal dysraphism, she was
treated with piperacillin/sulbactam (Tabactam®) and povidone iodine
wet dressing to prevent nerve tissue infection. On day 11 post-birth, a
ventriculo-peritoneal shunt was placed and a myelomeningocele repair
operation was performed. After this operation, the head circumference
reduced from 44.0 cm to 35.8 cm, and the post-operative period was
uneventful. The patient was discharged on the 24th day (Figure 4).

Figure 4: Clinical images of the newborn after a ventriculoperitoneal shunt was placed and the myelomeningocele repair
operation was performed.

Discussion

Figure 2: Brain MRI showing the dilation of both the lateral and 3rd
ventricles and the agenesis of the septum pellucidum and the
corpus callosum. A and B: Coronal view, C and D: Transverse view.

Figure 3: Spine MRI showing the lumbosacral myelomeningocele.
A: Sagittal view, B: Transverse view.
From a spine MRI, lumbosacral myelomeningocele (open spinal
dysraphism) was noted from L3 to S2. The size of the dysraphism was
3.0 cm × 1.0 cm × 3.1 cm (transverse × anterioposterior × craniocaudal
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The prevalence of congenital and infantile hydrocephalus is between
0.48 and 0.81 per 1000 births (live and still). Following successful
treatment, a significant percentage of these patients are still left with
persistent neurological deficits [1,2]. The causes of hydrocephalus vary,
but the predominant causes are aqueductal stenosis and
myelomeningocele. Poor cognitive function and visual loss are
potential complications in infants with untreated hydrocephalus.
Additionally, consequential impairments can also persist after
treatment and interfere in the patient’s development during a crucial
time of growth [3-5]. Brain computed tomography and MRI are
typically used to confirm the extent of the condition and its combined
anomalies. While ultrasonography is also a sensitive imaging tool, it
does not rule out structural anomalies of the brain. Treatment depends
on the causes of the hydrocephalus, but a ventriculo-peritoneal shunt is
the standard treatment despite the high risk of complications
(approximately 50%). The most common complications are shunt
blockage and shunt infection. Other complications are also possible,
namely, shunt migration, shunt malfunction, and pseudo cyst
formation [5].
This case highlights the teratogenic effects of AEDs use in pregnant
women. The risk of major fetal malformations in mothers with epilepsy
using AEDs is approximately 6%-8%. This risk exceeds those found in
women with untreated epilepsy (2%-5%) and in the general population
(2%-4%) [6]. The most common major congenital malformations
associated with AEDs are NTDs, congenital heart disorders, urinary
tract and skeletal abnormalities and cleft palate [7-9]. Congenital heart
defects and, to a lesser extent, cleft palate have been observed in infants
of patients treated with phenobarbital, phenytoin and primidone.
NTDs and hypospadias have been mostly associated with valproate
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[10,11], and a facial cleft with lamotrigine [12]. Neurodevelopmental
delay, behavioral disorders, or learning disabilities as an outcome of in
utero exposure to valproate, have also been observed [13]. Lamotrigine
or carbamazepine monotherapy at lower doses have been known to
show the least risk of fetal major congenital malformation [9].
In women with epilepsy who are taking medications, the risk of
major congenital malformation to the fetus is dependent on the type,
number and dose of drugs [9]. Therefore, drug tailoring is necessary
for these women during pregnancy. The dose of the chosen drug(s)
should be minimized, as there is a clear relationship between the dose
of these drugs (for example, valproate) and teratogenic effect. The total
dose of valproate (and possibly other drugs) should be divided and
prescribed three or four times a day to minimize high peak
concentrations of the parent drug or its metabolites. Where possible,
single drug therapy should be used, as the risks of teratogenicity are
clearly shown to be greater in multi-drugs therapy (6%-9%) than in
monotherapy (4%-6%) [14]. Women taking valproate with other drugs
should have a detailed discussion with an epilepsy specialist on the
risks and benefits of continuing or changing their AEDs prior to
planning pregnancy. Where possible, valproate should be avoided.
However, if the risk of maternal seizure deterioration from changing
the medication is deemed to be high, women may need to be advised
to continue valproate or multi-drug therapy [15].
In the present case, the mother was treated with multi-drugs
therapy, so a clear correlation of the teratogenic effects of each drug
was not possible. However, many other studies have consistently found
malformation rates to be 2 to 3 times higher with valproate than with
carbamazepine or lamotrigine. Various case reports and studies of
valproate treatment during pregnancy have suggested that valproate
increases the fetal risk of NTDs. Recently, a meta-analysis evaluated 13
controlled cohort studies on first-trimester exposure to valproate,
comprising almost 1000 exposed babies. They reported that exposure
to valproate was associated with a relative risk of 2 for major
malformation (95% CI: 1.33-2.99) when compared to all other
antiepileptic drugs [16]. When compared to a healthy controls group
representing the general populations, the relative risk was 4.37 (95%
CI: 2.84-6.71) [16].
In addition, the mother of this case had not been prescribed folate
either prior to or during pregnancy. Given the potential benefit of
folate on long-term cognitive outcomes and its known safety and
effectiveness for preventing major congenital malformation, it is
advised that women using antiepileptic medications should be
prescribed high-dose folic acid (5 mg) daily from at least 3 months
prior to conception to the end of the first trimester [15].

Conclusion
This case provides important insights into the linking infants with
major congenital anomalies and prenatal exposures to maternal
medications. Larger population-based studies on mothers and their
babies are required to reveal these associations, including not yet
identified. While, in the practice, for women of childbearing age who
are already receiving antiepileptic treatment, clinicians should review
the risk of teratogenic effects during pregnancy regularly and consider
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revising their prescription whenever possible. Ideally, treatment
revisions should be made prior to conception. Furthermore, clinicians
who observe a new-born baby with major congenital anomaly should
review the mother's medication history for possible teratogenic AEDs.
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