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tonsils below the foramen magnum. It is one of the deformities in the spectrum of cran-
iovertebral junction anomalies. We report an unusual case of newborn girl with hypoplasia
of bassiocciput of the clivus and extension of brainstem into the oropharynx, in addition
to extension of cerebellar tonsils below the foramen magnum. Right anterior arch and right
posterior arch of C1 vertebra are absent. Dens of C2 vertebra is asymmetric. Laryngoscope
showed a membrane covering the brainstem in the oropharynx. Endotracheal and orogas-
tric tubes were placed. A ventriculo-peritoneal shunt was placed for hydrocephalus. The
patient was discharged home at 4.5 months of age with home Hospice care. To the best
of our knowledge, this has not been described in the literature. The case illustrates a rare
defect in the clivus and unusual protrusion of brainstem into oropharynx.
© 2020 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Chiari 1 malformations are typically due to short clivus,
abnormal cervical vertebral segmentation, and/or a small or
overcrowded posterior fossa [1] that leads to caudal extension

Chiari malformations are anomalies of craniocervical junc-
tion and posterior fossa with downward extension of cerebel-
lar structures at the craniocervical junction [1]. Chiari malfor-
mations are associated with spinal cord abnormalities such
as syringomyelia or in more severe cases with aqueduc-
tal stenosis, hydrocephalus, encephalocele, and lumbosacral
meningomyelocele.

of cerebellar tonsils. Sometimes medulla also extends down
through the foramen magnum into the spinal canal [1]. In chil-
dren, Chiari 1 malformation is defined as 6 mm or more caudal
extension of cerebellar tonsils below the foramen magnum.

The unique feature of this case is that there is a defect in
the inferior part of clivus with protrusion of brainstem into
oropharynx. To the best of our knowledge, this has not been
described in the literature.

Abbreviations: MRI, magnetic resonance imaging; CT, computed tomography; US, ultrasonography; CNS, central nervous system.
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Fig. 1 - Clival defect with brainstem extending into oropharynx: Midline sagittal T1- weighted (Fig. 1A) and T2-weighted
(Fig. 1B) images demonstrate brainstem (green arrow) extending into oropharynx (blue asterisk) and hypoplasia of the
basiocciput (blue arrow) portion of the clivus. Basisphenoid portion (green asterisk) and syndesmosis (yellow arrow) are

also depicted.

Details of the case

The patient is a newborn African-America girl born prema-
turely at 33 weeks and 2 days of gestation. Prenatal ultra-
sound showed ventriculomegaly, polyhydramnios, intrauter-
ine growth restriction, transverse lie, and left club foot.
Prenatal Ultrasound did not identify the brainstem protru-
sion in the oropharynx. Clinical examination at birth verified
macrocephaly and splayed sutures.

MRI of the brain performed at birth revealed hypoplasia
of the basiocciput portion of the clivus (Fig. 1) and part of
brainstem and cerebellar tissue extended anteriorly into the
oropharynx (Fig. 2). There was marked hydrocephalus (Fig. 3).
Cerebellum and brainstem extended below the foramen mag-
num.

These findings were further corroborated on CT scan with
depiction of hypoplastic basiocciput part of the clivus (Figs. 4-
6), absent right anterior arch of C1 and absent right posterior
arch of C1 (Fig. 7). Additionally, there was abnormal alignment
at the craniovertebral junction with levoconvex curvature of
the upper cervical spine relative to the skull base. There was
asymmetry of dens of C2. The right laminae of C2, C3, and C4
vertebrae were fused.

Laryngoscope showed a membrane covering the brainstem
in the oropharynx. Endotracheal and orogastric tubes were
placed carefully. The infant was shunted for hydrocephalus.
The patient was discharged home at 4.5 months of age with
home Hospice care.

Discussion

John Cleland and Hans Chiari described anomalies of cranio-
cervical junction in late 19th century. The 3 types of hindbrain
extension into upper cervical spinal canal are categorized as

Fig. 2 - Brainstem extending into oropharynx: Axial T2
weighted MRI image at the level of maxilla (yellow arrow)
depict extension of brainstem (green arrow) into the
oropharynx (blue asterisk).

Chiari malformation types 1-3 [2-5]. The posterior section of
the middle skull base is called clivus that is formed by the ba-
sisphenoid superiorly and by basiocciput inferiorly which are
derived from the neural crest and mesoderm respectively [6—
10]. Embryonic development of the base of the skull occurs by
mesenchymal condensation, chondrification and ossification.
In the case of Chiari 1 malformation, skull base anatomical
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Fig. 3 - Hydrocephalus: Axial T2 weighted MRI of the brain
shows dilated lateral ventricles (yellow arrow).

anomaly may occur due to segmental defect or underdevel-
opment of the occipital bone due to mesodermal insufficiency
[6].

Congenital Chiari 1 malformations are typically asymp-
tomatic during childhood, but as children grow into adult-
hood, they may experience headache, dizziness, or other
cerebellar symptoms. Some of these patients develop sy-
ringomyelia which is a cystic cavity formed in the spinal cord
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due to an obstruction of cerebrospinal fluid within the central
canal of the spinal cord secondary to the mass effect of cere-
bellar tonsillar herniation. A moderately large syringomyelia
can damage the spinothalamic tract crossing fibres within the
anterior white commissure [11]. Patients with Chiari 1 malfor-
mation and syringomyelia are most often treated by surgical
decompression of the crowded foramen magnum.

Moore and Moore have described a complex variant of
Chiari 1 malformation with a more severe clinical phenotype
that may require more extensive surgical decompression [12].
In this variant, along with caudal tonsillar herniation there is
inferior brainstem herniation through the foramen magnum,
sometimes referred to as Chiari 1.5 malformation.

The Chiari II malformation is characterized by the down-
ward displacement of the cerebellar vermis and tonsils
through the foramen magnum often with small fourth ventri-
cleleading to hydrocephalus. Chiari Il malformations typically
have a coexisting meningomyelocele which is a herniation of
the spinal cord meninges and neural tissue through the ver-
tebral body. This may lead to a paralysis or sensory loss at and
below the level of the lesion [13].

The Chiari IIl malformation is rare. It is characterized by in-
ferior displacement of the medulla into the spinal canal with
cervical or occipital encephalocele, typically with ectopia of
cerebellar structures into the encephalocele [14].

The Chiari IV malformation is not a true malformation, but
rather describes hypoplasia of the cerebellum [1]. This may be
associated with Dandy-Walker syndrome which is hypoplasia
of the cerebellar vermis leading to cystic enlargement of 4th
ventricle that fills the enlarged posterior fossa and is associ-
ated with noncommunicating hydrocephalus and spina bifida.

Management for Chiari malformation is based on the ex-
tent of neurologic defect and other anatomical abnormalities
typically with decompressive surgery of the craniocervi-
cal junction to restore CSF flow for those with significant

Fig. 4 - Superior view of foramen magnum: Photo of foramen magnum of a skeleton (Fig. 4A) and 3D rendered CT image of
our case (Fig. 4B) show foramen magnum (blue arrow) and clivus (green arrow) as viewed from superior aspect. Figure 4B
depicts the hypoplasia of the inferior part of the clivus and defect in the left side of the occipital bone (yellow arrow).
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Fig. 5 - Inferior view of foramen magnum: Photo of foramen magnum of a skeleton (Fig. 5A) and 3D rendered CT image of
our case (Fig. 5B) show foramen magnum (blue arrow) and clivus (green arrow) as viewed from inferior aspect. Figure 5B
depicts the hypoplasia of the inferior part of the clivus and defect in the left side of the occipital bone (yellow arrow).

Fig. 6 — Bony defect and brainstem: Inferior view of the 3D rendered CT image of the case (Fig. 6A), axial T2-weighted MRI
image (Fig. 6B) and superior view of the 3D rendered CT (Fig. 6C) that is flipped sideways to match Figure 6A and B depict
foramen magnum (blue arrow), clivus (green arrow) and defect in the left side of the occipital bone (yellow arrow). Figure 6B
depicts brainstem (purple arrow) extending into the oropharynx (blue asterisk). Defect in the left side of the occipital bone

(yellow arrow) is also seen on MRI.

occipital headaches, cranial nerve palsies, syringomyelia,
or other cerebellar symptoms [13]. Posterior decompression
by suboccipital craniectomy sometimes with accompanying
duraplasty is most common. Treatment for Chiari II malfor-
mation includes closure of neural tube defects and shunt
placement to decompress hydrocephalus [1]. Asymptomatic
patients without syringomyelia or meningomyelocele may be
managed conservatively with annual clinical assessment and
magnetic resonance imagining studies.

According to Tubbs, Lyerly MJ, Loukas M, et al., currently,
there is no consensus on either the exact pathogenesis or

treatment for any of the Chiari malformations. Although the
Chiari classification is helpful in categorizing most patients,
this scheme most likely does not represent a precise contin-
uum of the same disease process [15]. Nevertheless, surgical
decompression is most often the treatment of course for those
with significant symptoms.

In Ingraham and Swan'’s survey of over 500 cases of spina
bifida and cranium bifidum, they report that while meningo-
celes are most commonly congenital malformations of the
central nervous system located in the lumbar region, they
may be present at any point along the neuraxis including
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Fig. 7 - Anomalies of upper cervical spine: Anterior view (Fig. 7A) and posterior view (Fig. 7B) from the 3D rendered CT show
absent anterior and posterior arch of C1 on the right side (blue arrow), fused right laminae (green arrow) of C2, C3 and C4
vertebrae as well as asymmetric dens of C2 (yellow arrow). Right occipital condyle (purple arrow) does not articulate with

any bony structure.

in the occipital, nasal, nasopharyngeal, frontal, basal and
parietal locations [16]. Ingraham and Swan’s survey did not
report any transclival meningocele.

In 1980, Lockwood, Quencer and Page were the first re-
searchers to report a case of a meningocele that protruded
through the clivus [17]. Using computerized tomographic cis-
ternography, these researchers investigated the case of a 63-
year-old woman with a 10-year history of spontaneous cere-
brospinal fluid rhinorrhea. Ultimately these researchers were
able to surgically repair the clival defect using Gelfoam, dried
dura and a bone plug with resolution of the rhinorrhea [17].

Akyuz, Arslan, Gurkanlar, et al describe a case of a 36-
year-old female with intermittent spontaneous cerebrospinal
fluid rhinorrhea who was found to have a transclival meningo-
cele diagnosed by MRI and CT. It was surgically corrected via
transsphenoidal approach with fascia graft and bio-glue [18].
They claimed that theirs was the third case in the literature
of a transclival meningocele producing rhinorrhea in an adult
[19]. A transclival meningocele is an extremely rare lesion [18].

What is described above may well be a novel case. To the
best of our knowledge, no case of transclival protrusion of
brainstem into oropharynx in a pediatric patient exists in the
literature.

Conclusion

Severe clival defects and brainstem protrusion in the orophar-
ynx can be a rare manifestation of Chiari 1 malformation and
understanding these craniocervical junction anomalies can be

prudent for neuroradiology teaching and better clinical out-
come. Important lesson is that the brainstem that protrudes
in the oropharynx is at risk for damage and needs careful in-
tubation and orogastric tube placement for survival.
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