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Prenatal diagnosis of myelomeningocele remains challenging for obstetricians, ultrasonographers, and radiologists, although the increased
maternal serum alpha-fetoprotein level aids in the confirmative diagnosis. Fetal cervical myelomeningocele and meningocele are very rare
and unique types of myelomeningocele. Prenatal diagnosis of cervical myelomeningocele and meningocele should include the differential
diagnosis and association of many intracranial and spino-skeletal pathogenetic variants and genetic diseases, including subependymal nodular
heterotopia and Klippel-Feil syndrome. In this report, a comprehensive review of fetal cervical myelomeningocele with its prenatal diagnosis

and long-term outcomes is presented.
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INTRODUCTION

Prenatal diagnosis of spinal dysraphism, which mostly
manifests as myelomeningocele, remains challenging for
obstetricians, ultrasonographers, and radiologists. Elevated
maternal serum concentrations of alpha-fetoprotein are
an indicator of open spinal dysraphism. High-resolution
ultrasound and magnetic resonance imaging (MRI) modalities
aid in the diagnosis of spinal dysraphism.

The incidence of spinal dysraphism is approximately 1-2/1000
live births. Approximately 80% of spinal dysraphism occurs
in the lumbosacral region, followed by the lumbar, thoracic,
sacral, and cervical regions.!'? Spinal dysraphism is commonly
identified based on the presence of open lesions, maternal
alpha-fetoprotein levels, and early trimester ultrasound
imaging. Fetal surgery has evolved to improve perinatal
outcomes. For example, hydrocephalus-related complications
have decreased.!'*! The incidence of cervical lesions is
estimated at 1 in 50,000 live births (1%—5%) among all
cases of spinal dysraphism. Cervical myelomeningocele and
meningocele are unique forms of spinal dysraphism, and they
have several characteristic features, a distinct postnatal course,
and are different from lumbosacral myelomeningocele. !
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DirrerenTIAL DinGNOSIS

Cervical myelomeningocele and meningocele, similar to
the lower lumbar-sacral defect, result from an early neural
developmental anomaly and lead to various structural
abnormalities that are often accompanied by functional
neurological deficits. The unique appearance of the site presents
a challenge in distinguishing cervical myelomeningocele
and meningocele from other superficial skin lesions,
such as cystic hygroma, hemangioma, dermoid cyst,
hemangiolymphangioma, epidermal scalp cyst, and branchial
cleft cyst.B8

ImagING MobpALiTY

Ultrasound is an effective prenatal screening tool for the
carly detection and differential diagnosis of various lesions,
including those mentioned in the preceding section. In the late
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1980s, the accurate detection of cervical myelomeningocele
and meningocele was performed by using cranial and spinal
computed tomography (CT) or MRIL!% MRI can assist
in distinguishing between different types of lesions and in
identifying associated anomalies in both intracranial and spinal
regions.!'"¥] The recognition of associated anomalies is crucial
for perinatal counseling and for planning effective treatment.
This review is a collection of cases reported after CT and MRI
neuroimaging are implied in the diagnosis [Table 1].

CrassiFicaTioN AND NOMENCLATURE

The classification of cervical cystic lesions is under
debate.'¥ In 1985, McLone and Naidich defined terminal
sacral myelomeningocele as a type of closed spinal dysraphism
characterized by a skin-covered mass in the posterior
midline, along with a narrow posterior spina bifida and a
cyst containing cerebrospinal fluid.!'”) In the early 1990s,
Steinbok and Cochrane proposed the hypothesis of limited
dorsal myeloschisis and categorized myelomeningocele into

two types: meningocele and myelocystocele.l®’ The authors
hypothesized that these cervical defects are part of a spectrum
of one underlying developmental abnormality known as limited
dorsal myeloschisis, with the eventual abnormality depending
on the presence or absence of associated hydromyelia.

Subsequently, additional classifications were made based on
the bone structural or neurological components. Pang and
Dias proposed a classification system based on the internal
structure of the cystic lesions, dividing them into limited
dorsal myeloschisis containing a fibroneurovascular stalk
in a dural sac and split cord malformations containing two
hemicords in a dural sac.['* In a case series, Salomao et al.
divided these into (1) cystic spinal dysraphism of the cervical
and upper thoracic regions with a stalk of neuroglial or
fibrovascular tissue, (2) myelocystocele consisting of a second
ependymal-lined cyst herniated inside a meningocele, and (3)
cystic spinal dysraphism of the cervical and upper thoracic
regions without a stalk or true meningocele [Figure 1].['7!
Habibi et al. and Tortori-Donati ef al. classified cervical

Table 1: Summary of published case reports of cervical myelomeningocele and meningocele

Author Year  Numberof cases  Gender  Age at diagnosis Associate anomaly  Outcomes
Delashaw et al. 1987 4 Female NB One hydrocephaly, Hydrocephaly: Walk with assistance,
one KFS poor bladder, and bowel control
Steinbok 1991 8 NA NB 3 hydrocephaly 4 motor deficit
Bhargava 1992 1 Male Prenatal at 24 weeks ~ Neck mass only Well
Pang 1993 9 NA Infants 6 motor deficit
Ankola PA 1998 1 Female NB Neck mass only Well
Pérez 2000 11 7 females  Infants - adults 5 hydrocephaly Anomalies
4 males
Sun CL 2000 8 One day - 9 months 5 hydrocephaly 4 motor deficit
Nishio 2001 2 Female NB One hydrocephaly Well
One no operate
Meyer Heim 2003 5 NA Infants One open type One behavior problem
Feltes 2004 1 Female NB Well
Habibi 2006 16 9 males 1 day - 4 months Open type 2 under performance
2010 1 6 females NB NA
Salomao 2006 18 NA Infants - adults One fatal
3 under performance
2 behavior problem
Wang HK 2006 1 Female Infant Well
Kasliwal MK 2007 10 5 females  Infants - child NA
5 males
Ali 2009 8 2 females  Infants - child One double MMC Paraplegic in double MMC
6 males
Parthasarathy S 2012 1 NB NA
Lotfi 2012 1 Male NB Well
Srihari 2013 1 Female NB Anterior MMC Expired
Pessoa 2015 1 Female NB Well
Burnol 2015 1 Female NB Well
Kirbag 2015 1 Male Prenatal at 23 weeks Well
Shamji 2015 1 Female Adult Well
Kamalammal 2016 1 NA NB NA
Sriharsha R 2020 1 Male Infant NA
Chao 2023 1 Female Prenatal at 33 weeks ~ Hydrocephaly Under performance

KFS: Klippel-Feil syndrome, MMC: Meningomyelocele, NA: Not available, NB: Newborn
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Figure 1: Classification of cervical myelomeningocele and meningocele. (a)
Fibrovascular or neuroglial tissue protruding from the posterior surface
of the spinal cord attached to the sac wall. (b) Ependymal-lined cyst
that herniates inside the meningocele, representing the hydromyelic
canal in connection with the outer cyst. (c) True meningocele in which
meningeal tissue herniates through the defect and sac contains only
cerebrospinal fluid(”)

myelomeningocele into two types: fibroneurovascular stalks
and myelocystocele.!'%19]

AssocIATED ANOMALIES OF CERVICAL

MYELOMENINGOCELE AND IVIENINGOCELE

Hydrocephalus, Chiari malformations, tethered spinal cord,
hydromyelia, diastematomyelia, and thickened filum terminal
are commonly associated with cervical myelomeningocele and
meningocele. The clinical neurological signs and symptoms
of these anomalies change over time, depending on the
severity of the anomaly. Incomplete division of the cervical
spinal cord, thoracic hemivertebra, C1 to C2 subluxation,
subependymal nodular heterotopia, and Klippel-Feil syndrome
is less frequently reported anomalies associated with cervical
myelomeningocele and meningocele.?*]

Rare types of cervical dysraphism include anterior and lateral
cervical meningocele and double cervical and lumbosacral
meningocele. Double cervical and lumbosacral meningocele
can be identified during childhood,?**” whereas anterior
and lateral cervical meningocele is mainly diagnosed in
adulthood, except for a few cases in which meningocele was
detected in newborns with torticollis.*®! Neurofibromatosis,
an autosomal-dominant hereditary disease, is associated with
mesodermal dysplasia and dural ectasia and is a risk factor for
anterior cervical meningocele.?>262829)

PRENATAL 0R NEONATAL DiaGNosis oF CERVICAL
MYELOMENINGOCELE AND IVIENINGOCELE

Myelomeningocele may be induced by the nonclosure of the
fetal neural tube and not by rupture once it is closed.l*%3!

The first case of prenatal cervical myelomeningocele or
meningocele was reported in 1992, in which the diagnosis
was made in the 24" week of gestation (Bhargava 1992). In
subsequent reports, diagnoses were made at various gestational

ages, ranging from 21 to 33 weeks [Table 1].2>*! Meningoceles
usually enlarge slowly during gestation, reaching an average
size of 5 cm at birth. The protruding lesions are usually
covered with intact skin. The lesions may arise from the upper
cervical region spanning C1 to T1 and typically do not result in
neurological deficits during neonatal life. Some cases involved
mild hydrocephaly, and fetal surgery was not required. No
family history of cervical myelomeningocele and meningocele
was reported. Cesarean section was the preferred delivery
method even though most cases that went undiagnosed resulted
in uncomplicated vaginal deliveries. A well-covered mass
protruding from the skin is not always indicative of cervical
meningocele or meningomyelocele at birth.**! Diagnosis in
the prenatal or postnatal stage depends on the awareness and
manifestation of symptoms.

TReaTMENT AND QuTcomes: NEONATAL VERSUS LATER
LiFe

From clinical and surgical perspectives, cervical
myelomeningocele and meningocele have much more positive
outcomes compared with thoracolumbar and lumbosacral
meningocele. Few studies investigated the long-term
neurocognitive effects of cervical myelomeningocele and
meningocele. Individuals with hydrocephalus are at higher
risk of impaired cognitive development than those with
cervical myelomeningocele and meningocele.!!7-2435-38]
Unlike thoracolumbar and lumbosacral lesions, cervical
lesions require surgery for two reasons: prevention of future
neurological deterioration caused by the released tethered
elements and for cosmetic reasons. The tethered cord should
be suspected when cervical meningocele is present without
signs of neurological impairment. Surgical excision of the
meningocele and intradural exploration to untether the spinal
cord is essential for preventing neurological deterioration
later in life.??! Leakage of the cerebrospinal fluid, severe
hydrocephalus, or the presence of a Chiari II malformation
among neonates warrants urgent surgical planning with
complete central nervous system imaging.

Part of the content was presented at the 15" Congress of the
Asian Federation of Society and Biology on November 1113,
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