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ephaloceles are complex brain

malformations that can be fur-

ther characterized by the con-
tent of the herniated tissue. They can be
classified by location, which is import-
ant for family counseling and surgical
planning. Although imaging is vital for
characterizing cephaloceles, and fetal
MRI is becoming more commonly uti-
lized for prenatal characterization, little
appears in the radiology literature on
this complex topic. This review illus-
trates the four major types of cephalo-
celes using a multimodality approach
with prenatal and postnatal correlation.
A brief overview of epidemiology and
embryology is provided, and associated
anomalies and distinguishing features
of associated syndromes are discussed.
By utilizing the location-based system
and understanding the commonly asso-
ciated features, the radiologist may pro-
vide a more comprehensive description
of cephaloceles to better facilitate clini-
cal management.

Cephaloceles are one of the most
common forms of neural tube defects,
ranking only behind myelomeningoce-
les and anencephaly. Cephalocele is a
generic term defined as a protrusion of
the meninges with or without brain tis-
sue through a defect in the skull.!> A
meningocele is a protrusion of only me-
ninges and cerebrospinal fluid (CSF).
An encephalocele is a protrusion of
meninges, CSF, and brain tissue. An
encephalocystocele contains menin-
ges, CSF, brain tissue and ventricle.
The term atretic cephalocele (also
called meningocele manqué) describes
a small, midline subscalp nodule that
contains meninges, fibrous tissue, and
dysplastic brain tissue.? The term fron-
to-ethmoidal denotes the involvement
of the upper anterior cranium and is
synonymous with the less commonly
used sincipital (Table 1).

The incidence of cephaloceles is 0.8-4
of 10,000 live births.* Cephaloceles ac-
count for 10-20% of all craniospinal
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dysraphisms.* Geographical variation
exists, with occipital subtypes represent-
ing 66-89% of all cephaloceles in the
Caucasian populations of North America
and Western Europe.>’ Anterior sub-
types are more common in Southeast
Asia.® Most cases of isolated cephaloce-
les (not associated with other congenital
anomalies) are sporadic, with genetic
and non-genetic factors involved in the
pathogenesis.® Cephaloceles may be as-
sociated with myriad genetic syndromes,
most commonly Meckel-Gruber, as well
as the Chiari III malformation, holo-
prosencephaly, and Dandy-Walker mal-
formation.>%-1° A cephalocele detected
prenatally warrants a detailed diagnostic
assessment and characterization for an
underlying syndrome.'!

Embryology

The central nervous system begins
forming in the third week of embry-
onic life as thickened ectoderm called
the neural plate. Elevation of the lateral
edges of the neural plate forms the neural
folds, which fuse to form the neural tube.
Fusion begins in the cervical region, pro-
ceeding in both the rostral and caudal
directions until closure between days
25-27 postconception. The mechanism
resulting in cephaloceles is uncertain but
presumably involves defective closure
of the anterior neural tube. Anterior
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Table 1. Definitions of Terms Characterizing Herniated Tissue in Cephaloceles with Imaging Correlates

Term Meningocele Encephalocele Encephalocystocele Atretic Fronto-ethmoidal
cephalocele cephalocele
Content Only meninges Meninges, CSF, Meninges, CSF, Small midline Involving the upper
and CSF and brain tissue brain tissue sub-scalp nodule anterior cranium;
and ventricle containing also referred to as
meninges, fibrous sincipital cephalocele
tissue, and
dysplastic
Example

FIGURE 1. Occipital meningocele. Axial (A) and sagittal (B) CT images demonstrate an occipital bone defect (arrow) with protrusion of tissue.
Axial (C) T2 images depict a small, CSF-intensity sac (arrows) representing the meningocele protruding through the defect. No brain tissue is
identified in the sac.

FIGURE 2. Occipital encephalocele.
Axial CT image through the supraten-
torial brain parenchyma (A) shows a
fluid- and soft-tissue attenuation sac
(arrows) herniating through a mid-
line occipital skull defect (*), consis-
tent with an occipital encephalocele.
Axial T2 MRI through the cerebellum
(B) demonstrates that the hernia sac
contains CSF (triangle) and dysplas-
tic neural tissue (square). Irregular
margins of the neural tissue and lack
of definite connection to the ventricles
argues against encephalocystocele in
this case.
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FIGURE 3. Occipital encephalocystocele. Axial (A) and sagittal (B) fetal MRl images demon-
strate an occipital cranial defect with a large hernia sac (solid arrows) consisting of meninges
and supratentorial neural tissue (dashed arrow) containing a portion of the occipital horns of
the lateral ventricles (arrowhead) consistent with an encephalocystocele.

sure (arrow).

cephaloceles (fronto-ethmoidal and
basal) are thought to arise from defec-
tive development of the prosencephalic
neural crest tissue.'? In contrast, oc-

FIGURE 4. Atretic cephalocele. Fetal sagittal
(A), and post-natal sagittal T2 MRl images
(B) show a small midline sub-scalp parietal
cystic lesion (arrow). MRV (C) demonstrates
persistence of the embryonic falcine sinus
(open arrow) leading to the scalp lesion
(solid arrow). Axial T2 MRI (D) show a “cigar-
shaped” CSF tract in the interhemispheric fis-

cipital cephaloceles may relate to de-
fective segmentation of the posterior
cranial bones.!* Some authors believe the

etiology of congenital cephaloceles

centers on a postneurulation event in
which brain tissue herniates through a
defect in the mesenchyme that eventu-
ally becomes the cranium and dura.!*

Diagnosis and Classification

Most cephaloceles can be detected
prenatally by ultrasound. Alpha feto-
protein levels may be unreliable given
that both maternal serum and amniotic
fluid alpha fetoprotein levels may be
normal if the cephalocele is covered
by skin."> On ultrasound these lesions
may appear as cystic (meningocele)
and/or solid (encephalocele) structures
protruding through a calvarial defect.
Further evaluation with computed to-
mography (CT) and magnetic reso-
nance imaging (MRI, including fetal
MRI) is useful to determine the extent
of herniation as well as the presence of
associated anomalies. CT is useful for
identifying osseous defects while MRI
is superior for defining the portions of
herniated tissue, detecting abnormal
signal in dysplastic brain tissue, and
evaluating the cartilaginous nasofron-
tal region. An MR or CT angiogram or
venogram may provide more detailed
evaluation of vascular anatomy and its
relation to the cephalocele.

Several classification systems exist.
The system proposed by Suwanwela
and Suwanwela provides a compre-
hensive, location-based classification
that characterizes cephaloceles as 1)
occipital, 2) cranial vault, 3) fronto-
ethmoidal, and 4) basal. This system
has also been found useful for selecting
the operative approach.® More exten-
sive cephaloceles, however, may en-
compass more than one type. Clinical
features and prognoses of cephaloceles
depend on location, severity, and pres-
ence of dysplastic brain tissue and asso-
ciated abnormalities.'®!7

Occipital Cephaloceles

Occipital cephaloceles demonstrate
defects involving the occipital bones,
with the cephalocele extending pos-
teriorly (Figures 1-3). The herniated
tissue may include the supra- and/or in-
fratentorial brain, tentorium, and dural

28 W APPLIED RADIOLOGY’

www.appliedradiology.com

September—October 2020



PEDIATRIC CEPHALOCELES: A MULTIMODALITY REVIEW

N S RIIT
SRR U r‘,'"fv'-f?‘

Lot

FIGURE 5. Fronto-ethmoidal encephalocele. Coronal CT bone window (A) demonstrates a
defect at the foramen cecum (arrow). Coronal CT image on brain windows (B) demonstrates
brain attenuation extending caudally through the foramen cecum (arrow). Coronal T2 MRI
image (C) demonstrates CSF and neural tissue extending caudally at the level of the foramen
cecum (arrow).

FIGURE 6. Fronto-nasal encephalocele with hydrocephalus. Lateral skull radiograph (A)
shows a frontal soft tissue mass (arrows). (B, C) Axial CT images through the glabella demon-
strate a frontal bone defect (arrows) and encephalocele (arrowhead). Hydrocephalus is also
noted (*). Axial T2 MRI (D) show a midline encephalocele (arrows) at the level of the lower
frontal bone. Marked hydrocephalus is also seen (*).

venous sinuses. These cephaloceles
are the most common type overall and
account for a higher proportion of ceph-
aloceles in Caucasian populations of

Europe and North America.>’ Occipital
cephaloceles are typically apparent on
physical exam at birth, and the size of
the herniation varies. Ventriculomegaly

is observed in the majority of cases.
Prognostic factors include size of her-
niation, degree of hydrocephalus, and
presence of associated anomalies.!6-17
Large occipital encephaloceles may be
associated with developmental delay,
blindness, poor feeding, cranial nerve
deficits, and seizures.!8

Cranial Vault Cephaloceles

Cranial vault cephaloceles occur along
the superior cranium within the fonta-
nelles or defects in the parietal, frontal,
or temporal bones. They present as a
midline posterior scalp mass. The patient
often is otherwise clinically normal un-
less associated anomalies are present.'”
Atretic cephaloceles, the most common
form, are small midline subcutaneous
scalp masses consisting of dura and dys-
plastic meninges connected to the intra-
cranial meninges by a fibrous stalk. They
are usually located in the parietal lobe;
MRI typically demonstrates a fibrous
tract and vertical falcine vein, which ex-
tend to a subcutaneous scalp mass (Fig-
ure 4). Atretic cephalocele may arise
through a bone defect or fenestration,
or the bone may be closed with com-
pletely separated intra- and extracranial
contents.®

The embryonic falcine sinus is
often positioned vertically, with a
cigar-shaped CSF tract in the inter-
hemispheric fissure.'®?! Cranial vault
cephaloceles are considered abortive
or involuted true cephaloceles?; they
have a more favorable prognosis than
other true cephaloceles.?
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FIGURE 7. Basal encephalocele (A) and T2 MRI images (B). A defect of the cribriform plate (arrow) is seen. There is protrusion of CSF and
brain tissue into the nasal cavity and right maxillary sinus (*).

Fronto-ethmoidal Cephaloceles
Fronto-ethmoidal cephaloceles
(FECs) range from occult lesions to
marked craniofacial abnormalities, in-
cluding microcephaly, telecanthus, hy-
pertelorism, orbital dystopia, or micro/
anophthalmos. There is an increased
incidence in Southeast Asian popula-
tions.® Sagittal and coronal images may
be the most helpful in demonstrating
contiguity between intracranial contents
and the mass.? Prior to surgical repair,
CT scanning helps to characterize the
bone defect. FECs can be classified ac-

FIGURE 8. Occipital meningocele with Dandy-Walker malformation. Fetal axial T2 image (A) cording to the OS,S cous defect’s location.
shows a small midline occipital meningocele (arrow) and cystic replacement of an enlarged Naso-ethmoidal cephaloceles are
posterior fossa (*). A fetal sagittal T2 image (B) demonstrates the large posterior fossa cyst (*) characterized by herniation into the su-
and an elevated tentorium (arrows). peromedial nasal cavity, with the defect

FIGURE 9. Chiari Ill with thoracic myeloschisis. Axial T2 (A) demonstrates an occipital encephalocele (arrows) with cerebellar crowding and
tonsillar herniation. Axial T2 (B) demonstrates open the thoracic dysraphism (arrow). Sagittal T2 (C) demonstrates the open thoracic dysra-
phism beginning in mid-thoracic spine extending caudally (arrow).

30 W  APPLIED RADIOLOGY’ www.appliedradiology.com September—October 2020



PEDIATRIC CEPHALOCELES: A MULTIMODALITY REVIEW

Table 2. Conditions Associated with Cephaloceles

Site Condition Distinguishing Features
Frontal Amniotic Band Syndrome Ring constrictions and amputations of digits and/or limbs, irregular/asymmetric
cephalocele, microcephaly, microphthalmia, distal syndactyly, orofacial clefts
Frontonasal Dysplasia/ Ocular hypertelorism, widow’s peak, anterior cranium bifidum occultum, notching
Median Cleft Face Syndrome of nostrils, widely set nostrils with lack of elevation of the nasal tip
Occipital or  Chiari lll Malformation Syringomyelia, hydrocephalus, tethered cord, abnormal neuroectodermal tissues
high cervical
Occipital Cryptophthalmos/Fraser Ear anomalies, notching of nasal wings, extension of forehead skin to cover one
Syndrome or both eyes, unusual hairline, soft-tissue syndactyly of hands and/or feet, genital
anomalies including cryptorchidism, micropenis, and clitoromegaly
Dandy Walker Formation Triad of cystic dilation of the fourth ventricle, complete or partial agenesis of the

cerebellum and an enlarged posterior fossa with torcular-lamboid inversion
Dyssegmental Dwarfism Lethal dwarfism, short broad pelvis with widely flared iliac wings, short broad
tubular bones with metaphyseal widening, accelerated carpal bone maturation,
bowing of legs, thighs and forearms, vertebral anomalies, small thorax, cleft palate,
micrognathia
Fetal Warfarin Syndrome Nasal hypoplasia, limp shortening, bone stippling, low birth weight, seizures,
hydrocephaly, optic atrophy, intellectual disability
Knobloch Syndrome Myopia, vitreoretinal degeneration, retinal detachment, meningocele, normal
intelligence
Meckel-Gruber Syndrome Classically triad of renal cystic dysplasia, cephalocele or holoprosencephaly, and
postaxial polydactyly; microphthalmia, retinal dysplasia, cardiac anomalies,
orofacial clefting, ambiguous external genitalia
Pseudo-Meckel Syndrome Arhinencephaly, agenesis of corpus callosum, Arnold-Chiari defect, cleft palate,
congenital heart defects, accessory spleen, clubfoot, hallucal hammertoes; retinal
dysplasia is not a feature

von Voss-Cherstvoy Corpus callosum dysplasia, hypoplastic olives and pyramids of medulla oblongata,

Syndrome phocomelia, urogenital anomalies, thrombocytopenia
Walker-Warburg Muscle weakness and atrophy early in life, developmental delay, hydrocephalus,
Syndrome microphthalmia, buphthalmos, cataracts

centered at the foramen cecum (Figure
5).° They protrude through the foramen
cecum into the prenasal space. They are
positioned inferior to the nasal bones.
Naso-frontal cephaloceles have a
midline frontal defect, often with mass
at the glabella (root of the nose) (Figure
6).° They protrude through an unoblit-
erated fonticulus frontalis.
Naso-orbital cephaloceles are char-
acterized by an inferomedial orbital
defect. They protrude into the infer-
omedial orbit through a defect in the

maxillary bones at the lacrimal/frontal
process. They can induce proptosis and
globe displacement.

FECs are more commonly associated
with craniofacial clefts.* FECs also gen-
erally have a better prognosis than occip-
ital cephaloceles because the protruding
mass in the FEC tends to contain scarred,
nonfunctional neural tissue.!3

Basal Cephaloceles
Basal cephaloceles occur when there
is a defect in skull base (Figure 7). They

are rare and may present even later in the
first decade of life with recurrent men-
ingitis.?* Basal cephaloceles may be oc-
cult or present with midface anomalies
such as cleft lip/plate, hypertelorism, or
anasal epipharyngeal mass. Immediate
surgical repair is indicated because of the
elevated risk of meningitis.'

Associated Anomalies and
Neurologic Manifestations

Many cases of cephalocele are as-
sociated with additional congenital
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anomalies, which are important to
identify for prognostic purposes
(Table 2). In one of the largest studies
on cephaloceles, the following associ-
ated anomalies and neurologic man-
ifestations were identified in order of
decreasing frequency: hydrocephalus,
seizure disorder, corpus callosum ab-
normalities, cerebral dysgenesis, and
migrational disorders, including gray
matter heterotopia, microcephaly, and
myelomeningocele.*

In this study, 52% of patients experi-
enced at least mild developmental delay,
with hydrocephalus and other associated
intracranial abnormalities identified as
predictors of developmental delay.* Le-
sion location notably was not found to
be a significant predictor of outcome.
Myriad genetic syndromes and condi-
tions are associated with cephaloceles,
including Meckel-Gruber syndrome,
the middle interhemispheric variant of
holoprosencephaly, Dandy-Walker mal-
formation (Figure 8) and Chiari III mal-
formation (Figure 9).2°-1°Meckel Gruber
is the most commonly associated syn-
drome 2> With the presence of associated
malformations affecting cognitive out-
come, imaging is a critical component of
the workup of patients with cephaloceles
and often serves as the primary basis for
prenatal counseling *

Conclusion
Cephaloceles are complex cranial
malformations that can be classified by

location, each with differing clinical
presentation and associated anomalies.
Prenatal and postnatal imaging is im-
portant to delineate the relevant anat-
omy. By describing cephaloceles via a
location-based classification system,
the radiologist may facilitate more ac-
curate presurgical planning and prenatal
counseling.

REFERENCES

1. Diebler C, Dulac O. Cephaloceles: Clinical and
neuroradiological appearance. Neuroradiology.
1983;25:199-216.

2. Naidich TP, Altman NR, Braffman BH, et al.
Cephaloceles and related malformations. AUNR
Am J Neuroradiol. 1992;13: 655-690.

3. Yokota A, Kajiware H, Kohchi M. Parietal ceph-
alocele: Clinical importance of its atretic form and
associated malformations. J Neurosurg. 1988;
69:545-551.

4. Lo BW, Kulkarni AV, Rutka JT, et al. Clinical
predictors of developmental outcome in patients
with cephaloceles. J Neurosurg Pediatr. 2008;
2(4):254-257.

5. Simpson DA, David DJ, White J. Cephaloce-
les: Treatment, outcome and antenatal diagnosis.
Neurosurgery. 1984; 15:14-21.

6. Suwanwela C, Suwanwela N. A morphological
classification of sincipital encephalomeningoceles.
J Neurosurg. 1972:36(2):201-211.

7. Chapman PH, Swearingen B, Caviness VS.
Subtorcular occipital encephaloceles: Anatomical
considerations relevant to operative management.
J Neurosurg. 1989; 71:375-381.

8. Copp AJ, Stanier P, Greene ND. Neural tube
defects: Recent advances, unsolved ques-
tions, and controversies. Lancet Neurol. 2013;
12(8):799-810.

9. Cohen MM. Mutations affecting craniofacial car-
tilage. Biomedical aspects. New York: Academic
Press 1983(53):191-228.

10. Cohen MM, Lemire RM. Syndromes with ceph-
aloceles. Teratology.1982; 25:161-172.

11. Thompson DN. Postnatal management and
outcome for neural tube defects including spina

bifida and encephaloceles. Prenat Diagn. 2009;
29:412-419.

12. Hoving EW, Vermeij-Keers C. Frontoethmoidal
encephaloceles, a study of their pathogenesis.
Pediatr Neurosurg. 1997; 27(5): 246-256.

13. Tavella S, Bobola N. Expressing Hoxa2 across
the entire endochondral skeleton alters the shape
of the skeletal template in a spatially restricted
fashion. Differentiation. 2010; 79(3):194-202.

14. Gluckman TJ, George TM, McLone DG. Post-
neurulation rapid brain growth represents a critical
time for encephalocele formation: a chick model.
Pediatr Neurosurg. 1996; 25;130-136.

15. Sabbagha RE, Tamura RK, Dal Compo S, et
al. Am J Obstet Gynecol. 1980; 138(5): 511-517.
16. Raja RA, Qureshi AA, Memon AR, et al. Pat-
tern of encephaloceles: a case series. J Ayub Med
Coll Abbottabad. 2008; 20:125-128.

17. Kiymaz N, Yilmaz N, Demir |, et al. Prognos-
tic factors in patients with occipital encephalocele.
Pediatr Neurosurg. 2010; 46:6-11.

18. Chern JJ, Bollo RJ, Governale LS, et. al.
Operative Neurosurg. 2019; 17(1) Supplement:
S182-S208.

19. Patterson RJ, Egelhoff JC, Crone KR, et al.
Atretic parietal cephaloceles revisited: An enlarg-
ing clinical and imaging spectrum? AJNR Am J
Neuroradiol. 1998;19(4):791-795.

20. Favoreel N, Devooghdt M, Devlies F, et al.
Atretic cephalocele. J Belgian Soc. Radiol. 2015:
98(3):119-120.

21. Murakami N, Morioka T, Kawamura N, et al.
Venous anomaly analogous to vertical embryonic
positioning of the straight sinus associated with
atretic cephalocele at the suboccipital region.
Childs Nerv Syst. 2017:33(1):179-182.

22. Martinez-Lage JF, Sola J, Casas C. Atretic
cephalocele: The top of the iceberg. J Neurosurg.
1992:77:230-235.

23. Hedlung G. Congenital frontonasal masses:
Developmental anatomy, malformations, and MR
imaging. Pediatr Radiol. 2006:36(7):647-662.

24. Mealey J Jr, Dzenitis AJ, Hockey AA. The
prognosis of encephaloceles. J Neurosurg.
1970:32:209-218.

25. Volpe JJ. Intracranial hemorrhage: Neural tube
formation and prosencephalic development. Neu-
rology of the Newborn. 4" Ed. Philadelphia,PA:
WB Saunders; 2001.

32 W APPLIED RADIOLOGY’

www.appliedradiology.com

September—October 2020



