A unique case of dichorionic-triamniotic triplets in which the monochorionic-diamniotic pair are both impacted by myelomeningeocele
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Background

Myelomeningocele (MMC) impacts 3 1n every 10,000 live
births 1in the United States. Concordance of MMCs in the
setting of twin and triplet pregnancies 1s an incredibly rare
phenomenon, with less than 30 cases of twins with
concordant MMCs having been reported in the literature. To
date, there are no clearly documented inherited forms of
meningomyelocele, and the exact etiology of MMC remains
poorly understood. The occurrence of myelomeningoceles
within multifetal gestations and among families with
intergenerational myelomeningoceles suggests that there
could be genetic factors contributing to these conditions.
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Twin studies reveal intriguing patterns: while
myelomeningoceles in monozygotic twins would support the
hypothesis that there 1s a genetic predisposition to this
malformation, dizygotic twins demonstrate a greater number of
dual myelomeningoceles, which could instead support the role
of environmental exposures 1n the development of neural tube
defects. Only 5% of cases of myelomeningocele have a
positive family history. Currently, genetic factors, dietary
elements, and environmental exposures are the risk factors
most strongly associated with this condition. In this case report,
we discuss a rare case of dichorionic-triamniotic triplets in
which the monochorionic-diamniotic pair were both diagnosed
antenatally with myelomeningocele.
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A 31 year-old G5P4003 patient presented for routine prenatal
care at 11 weeks of gestation. Medical history was remarkable for
ongoing tobacco use and prior history of neonatal demise
secondary to a congenital heart defect. Pre-pregnancy BMI was
23. She denied any history of folate deficiency, environmental
exposures, teratogens, or antiepileptic medication use. She took a
prenatal vitamin with 0.24 mcg folic acid daily. A limited
ultrasound at 18 week and 6 days gestation confirmed dichorionic-
triamniotic triplets with Triplet A and Triplet B sharing a placenta
while Triplet C had a distinct placenta. Detailled anatomic surveys
were undertaken at 22 weeks and 5 days gestation, which
demonstrated myelomeningocele of Triplet B at L4-S2 and
suspected open neural tube defect in Triplet A based upon
scalloped frontal bones, bowing of the cerebellum, and posterior
fossa collapse. Triplets A and B were also found to have mild
bilateral cerebral ventriculomegaly. Triplet B was diagnosed with
fetal growth restriction at that time as well with an estimated fetal
weight at the 9th percentile. Triplet C was appropriately grown
and had no apparent abnormalities on ultrasound.

The patient was offered amniocentesis at the time of these
findings but declined. Initial laboratory evaluation revealed iron-
deficiency anemia. Otherwise, she had normal thyroid function
studies, triglyceride studies, and a normal folate level.

Further ultrasound evaluation demonstrated Chiar1 11
malformations of both Triplet A and Triplet B, as well as bilateral
talipes equinovarus of Triplet B. On antenatal echocardiogram,
both Triplets A and B had evidence of small muscular ventricular
septal defects.

The patient was referred for genetics and pediatric neurosurgery
consultations at a tertiary maternal-fetal care center, as well as
delivery planning. The patient was ultimately admitted to the
referral center at 31 weeks and 4 days gestation for fetal
monitoring and antenatal corticosteroids following a new
diagnosis of absent end-diastolic flow on umbilical artery Doppler
studies of Triplet B.

She was subsequently delivered via uncomplicated classical
Cesarean section at 31 weeks and 5 days gestation. The infants
were delivered by classical Cesarean out of concern for the
open neural tube defects of Triplets A and B. Triplet A had
Apgars of 5 and 8, Triplet B had Apgars of 8 and 9, and Triplet
C had Apgars of 5 and 5 at 1 and 5 minutes of life respectively.

The neonates were admitted to the neonatal intensive care
unit. Triplet A was confirmed to have a lumbosacral MMC with
Chiari II malformation and ventriculomegaly. She underwent
MMC closure and repair on the third day of life. Serial head
imaging ultimately revealed progressive macrocephaly and
hydrocephalus. She was discharged home with outpatient
neurosurgery follow-up and underwent endoscopic 3™
ventriculostomy and ventriculoperitoneal shunt placement
between 4 and 5 months of life. Following this surgery she
experienced seizures requiring an additional 7-day
hospitalization. To date, Triplet A requires anti-epileptic drugs
and follows with neurology. She was also found to have a
neurogenic bladder but does not presently require intermittent
catheterization. A small to moderate sized apical ventricular
septal defect was also confirmed after delivery and has been
monitored 1n the outpatient setting.

MMC and Chiari II malformation was also confirmed 1n
Triplet B after delivery. She underwent repair of MMC on day
of life 3. Serial head ultrasounds and MRIs showed stable mild
to moderate ventriculomegaly. Triplet B also had bilateral
calcaneovalgus foot deformities and two small apical
ventricular septal defects with a moderate VSD shunt. Her
cardiac concerns are being expectantly managed 1n the
outpatient setting. Triplet C was found to have a trivial anterior
muscular ventricular septal defect, right ear hemangioma, and
later developed intraventricular hemorrhage and
laryngomalacia attributed to prematurity. Chromosomal
microarrays performed on Triplets A and B after delivery were

negative for any variants. The triplets were all discharged from
the NICU at 62 days of life.

ETSU

This 1s the only reported case of triplets in which the
genetically 1dentical pair were similarly impacted by MMC.
Myelomeningocele appears to result from complex
multifactorial interplay of genetic and environmental factors.
Because most of the cases of MMC 1n monozygotic twins are
non-concordant, the role of genetic etiology remains ambiguous.
Our case differs from this trend 1n that the monochorionic-
diamniotic pair were both impacted, suggesting a shared single
cause. Though one instance of monozygotic twins (in this set of
triplets) does not prove that a single mutation can cause MMC, it
raises the compelling possibility of a single gene or locus
responsible. Because only a limited number of potentially
causative genes have been discovered to date, identifying
specific genetic factors in 1solated non-syndromic NTD 1s
particularly challenging. While establishing definitive genetic
causality 1s uncertain, employing whole exome sequencing on
twin subjects with concurrent MMC could potentially unveil
underlying genetic mechanisms contributing to their condition.

Since a landmark randomized clinical trial of prenatal versus
postnatal repair of MMC 1n 2010, 1n-utero repair of MMC has
become an increasingly accepted practice and may confer
significant developmental advantages to the impacted infant.
Multifetal gestations have not been included in the MMC repair
trials due to potential harm to the unaffected fetus or fetuses.
However, our case raises the interesting question of in-utero
repair for pregnancies in which both or all fetuses are impacted
by MMC. Future studies may investigate the feasibility of in-
utero repair of MMC for multifetal gestations as well as the
potential for single-gene mutations driving the development for

MMC.

References

Adzick, N. Scott, Elizabeth A. Thom, Catherine Y. Spong, John W. Brock, Pamela K. Burrows, Mark P. Johnson, Lori J. Howell, et al. 2011. “A Randomized Trial of Prenatal versus Postnatal Repair of
Myelomeningocele.” New England Journal of Medicine 364 (11): 993—1004. https://doi.org/10.1056/NEJMoal1014379.

Au, Kit Sing, Allison Ashley-Koch, and Hope Northrup. 2010. “Epidemiologic and Genetic Aspects of Spina Bifida and Other Neural Tube Defects.” Developmental Disabilities Research Reviews 16 (1): 6-15.
https://doi.org/10.1002/ddrr.93.

Deak, Kristen L., Deborah G. Siegel, Timothy M. George, Simon Gregory, Allison Ashley-Koch, and Marcy C. Speer. 2008. “Further Evidence for a Maternal Genetic Effect and a Sex-Influenced Effect Contributing
to Risk for Human Neural Tube Defects.” Birth Defects Research. Part A, Clinical and Molecular Teratology 82 (10): 662—69. https://doi.org/10.1002/bdra.20511.

Ericson, A., and B. Kéllén. 2001. “Congenital Malformations in Infants Born after IVF: A Population-Based Study.” Human Reproduction 16 (3): 504-9. https://doi.org/10.1093/humrep/16.3.504.

Findley, Tina, Joy C. Tenpenny, Michelle R. O’Byrne, Alanna C. Morrison, James E. Hixson, Hope Northrup, and Kit Sing Au. 2017. “Mutations in Folate Transporter Genes and Risk for Human Myelomeningocele.”
American Journal of Medical Genetics. Part A 173 (11): 2973-84. https://doi.org/10.1002/ajmg.a.38472.

Hussain, Nageen, Saira Malik, Tayyaba Faiz, Fiza Shafqat, Ayaz Ali Khan, Taqweem Ul Haq, Wagqar Alj, et al. 2023. “Mutational Analysis of FOLR1 and FOLR2 Genes in Children with Myelomeningocele.” Acta
Biochimica Polonica 70 (4): 885-89. https://doi.org/10.18388/abp.2020_6729.

Kobets, Andrew, Ryan P. Lee, David Oriko, Eric Jackson, Shenandoah Robinson, Alan Cohen, and Mari L. Groves. 2020. “Dual Myelomeningoceles in Twins: Case Report, Review, and Insights for Etiology.”
Pediatric Neurosurgery 55 (6): 363—73. https://doi.org/10.1159/000511365.

Nguyen, Margaret, Philip Lupo, Hope Northrup, Alanna Morrison, Paul Cirino, and Kit Sing Au. 2017. “Maternal Gene-Micronutrient Interactions Related to One-Carbon Metabolism and the Risk of
Myelomeningocele Among Offspring.” Birth Defects Research 109 (2): 99—105. https://doi.org/10.1002/bdra.23538.

Sebold, Courtney Drake, Elizabeth C. Melvin, Debbie Siegel, Lorraine Mehltretter, David S. Enterline, Jeffrey S. Nye, John Kessler, Alexander Bassuk, Marcy C. Speer, and Timothy M. George. 2005. “Recurrence
Risks for Neural Tube Defects in Siblings of Patients with Lipomyelomeningocele.” Genetics in Medicine 7 (1): 64—67. https://doi.org/10.1097/01.GIM.0000151158.09278.2B.

Shin, Mikyong, Lilah M. Besser, Csaba Siffel, James E. Kucik, Gary M. Shaw, Chengxing Lu, Adolfo Correa, and Congenital Anomaly Multistate Prevalence and Survival Collaborative. 2010. “Prevalence of Spina
Bifida Among Children and Adolescents in 10 Regions in the United States.” Pediatrics 126 (2): 274-79. https://doi.org/10.1542/peds.2009-2084.

Stricker, Sarah, Cécile Balmer, Raphael Guzman, and Jehuda Soleman. 2019. “Dizygotic Opposite-Sex Twins with Surgically Repaired Concordant Myelomeningocele Conceived by in Vitro Fertilization Using
Intracytoplasmic Sperm Injection: A Case Report and Review of the Literature.” Child s Nervous System: ChNS: Official Journal of the International Society for Pediatric Neurosurgery 35 (4): 725-28.
https://doi.org/10.1007/s00381-018-3990-8.




