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Introduction

The clivus is the sloping midline bony structure at the skull
base formed by the basioccipital and basisphenoid bones that
join at the spheno-occipital synchondrosis. Although lesions
confined to clivus may not be symptomatic, aggressive
lesions may cause cranial nerve symptoms. The abducens
nerve runs in close proximity to the clivus, thus diplopia can
be a presenting feature.'

This article describes the various pathologies involving
the clivus and paraclival region, including congenital, in-
flammatory, infective, benign tumors, primary malignant
tumors, and metastatic lesions.
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The clivus is a midline anatomical structure in the central skull base. It is affected by a
wide range of non-neoplastic, benign and malignant pathologies, some of which
typically affect the clivus because of its strategic location and embryological origins.
Clival lesions may often be asymptomatic with occasional complaints like headache or
cranial neuropathy in few. Cross-sectional imaging techniques, namely, computed
tomographic scan and magnetic resonance imaging, thus, play a key role in approxi-
mating to the final diagnosis and estimating the disease extent. In this article, we
highlight the important imaging features of various clival and paraclival pathologies to
facilitate effective diagnosis, therapeutic planning, and management.

Cross-sectional imaging, that is, computed tomographic
(CT) scan and magnetic resonance imaging (MRI), are com-
plementary to each other in describing the extent of the
lesion and narrowing down the list of diagnoses. CT scan is
the modality of choice to look for bony involvement and
serves as a guide in evaluating type of intratumoral calcifi-
cation(matrix), bone destruction or osteosclerosis, and also
bone hyperostosis in cases of meningioma. However, the
limitation of CT scan is lower soft tissue resolution. On the
contrary, MRI provides higher soft tissue resolution, and
clival lesions owing to their central location and fatty mar-
row are best appreciated on sagittal T1-weiggted (T1W)
nonfat saturated noncontrast sequence.’
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Embryology and Anatomy

The term “clivus” is Latin for “slope” and aptly describes this
inclined bone of central skull base, sometimes referred to as
clivus of Blumenbach.

Anatomic boundaries and relations are as follows
(=Fig. 1).

* Superiorly—dorsum sellae; sella & its contents.

* Inferiorly—foramen magnum; jugular tubercle.

* Laterally—petroclival fissure (petro-occipital synchond-
rosis); petrous temporal bone; petrous internal carotid
artery (ICA).

* Anteriorly—sphenoid sinus, nasopharynx.

* Posteriorly—prepontine, premedullary cisterns and con-
tents; brainstem.

The petro-occipital fissure, which begins near cavernous
sinus and inferiorly extends upto the jugular foramen, flanks
the clivus laterally. The fissure harbors cartilage and dense
connective tissue and is the recognized epicenter for many
skull base chondrosarcomas.

Neurovascular Relations

The VIth cranial nerve is intimately related to the clivus. After
exit from brainstem, the VIth cranial nerve pierces outer
layer of dura mater covering the clivus to lie in the interdural
Dorello canal. It ascends the clival slope in Dorello canal upto
the petrous apex where it passes under the petrosphenoid
ligament to enter cavernous sinus. Such a long interdural
course makes VIth nerve sensitive to changes of raised
intracranial pressure, and VIth nerve palsy resulting from
compression against petrosphenoid ligament is a commonly
described phenomenon. Additionally, space-occupying clival
lesions result in VI nerve palsy by direct mass effect.

The petrous ICA is closely related to the clivus along its
lateral margins, with the basilar artery along posterior clival
margin in the prepontine cistern. Basilar venous plexus is
present on the dural surface of clivus, and may mimic focal
lesions if prominent.

Palsetia et al.

Embryologically, clivus is derived mainly from the first
and second occipital sclerotomes, with contribution from the
proatlas. Clivus is a cartilaginous structure which ossifies
from the basisphenoid (post-sphenoid) and basiocciput os-
sification centers, joined by the spheno-occipital synchond-
rosis. This synchondrosis fuses by 25 years of age.> The basi
post-sphenoid forms the upper clivus, while the basiocciput
contributes to lower clivus. In fetal life, notochord is inti-
mately related to central skull base (particularly the clivus)
as its cranial attachment is to the dorsum sellae. In postnatal
life, the notochord regresses with few residual notochord
remnants along its embryologic path (=Fig. 2). This serves as
the embryologic basis to understand various variants of
notochordal development (discussed in =Fig. 2).

MR Signal Changes with Age

Since the clivus is a midline structure, it is well visualized on
sagittal MR sequences. Bone marrow signal of the clivus
depends on the amount of red and yellow marrow and
changes with age. It is imperative to be aware of these
changes so as not to misinterpret them as pathology. The
marrow signal is best assessed on sagittal T1 non-fat-satu-
rated, non-contrast images. As is seen in the rest of the body,
the proportion of yellow (fatty) marrow increases with age;
hence with age, clivus becomes hyperintense on T1W
images. Occasionally, clival marrow heterogeneity may be
seen in the form of T1 hypointense foci. Clival signal intensity
when isointense or hyperintense relative to pons is usually
normal. T1 hypointensity relative to pons | intervertebral
discs should be regarded with suspicion. The evolution of
marrow signal intensity of the clivus with age is shown
in ~Fig. 3.4

Grading of clival bone marrow signal intensity on TIW
images is as follows:

1. Predominantly low signal intensity, occupying more than
50% of the clivus.

2. Low signal intensity portion occupying less than 50% and
more than 20% of the clivus.

Fig. 1 Graphic illustration. (A) The adult clivus. T—sphenoid sinus, 2—optic chiasm, 3—pituitary gland in sella turcica, 4—dorsum sellae, 5,6
represent the VI cranial nerve (abducens) and basilar artery, respectively, within the prepontine cistern, 7—pons. Note the fatty marrow within
the clivus. Sagittal computed tomographic (CT) image (B) in bone window shows these features on CT. The pink line joins the basion and
opisthion marking the foramen magnum. Axial CT image (C) in bone window shows petroclival fissure (PCF)—articulation between petrous
temporal bone and basiocciput of clivus. Laterally, the internal carotid artery is seen in carotid canal (CC). Anteriorly, foramen ovale (FO) and

Vidian canal (VC) are in proximity.
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C PCPC MBC FNM

Fig. 2 Graphic illustration (A) showing normal clivus with unfused midline spheno-occipital synchondrosis (SOS) between basi post-sphenoid
(BS2) and basiocciput (BO). Pink dotted line represents course of notochord remnants. Sagittal T1-weighted magnetic resonance imaging of a 6-
year-old boy (B) demonstrates these features; red arrow—spheno-occipital synchondrosis. Graphic illustrations in image (C) demonstrate

characteristic locations of clival congenital/embryological variants. Persistent craniopharyngeal canal (PCPC), is a canal lying anterior to the
SOS, connecting anterior floor of sella to nasopharynx. Junction between pre-sphenoid part (S) and basi post-sphenoid marks the site of PCPC
(compare with 2A). Median basal canal/canalis medianus basalis (MBC) lies posterior to the SOS and is in the expected location of notochord
remnant (see 2A). —Fossa navicularis magna (FNM) is characterized by a divot or saucer shaped defect in the basiocciput portion of the clivus.

Fig. 3 Evolution of clival marrow signal intensity with age. (A) A 6-year-old child, with unfused spheno-occipital synchondrosis with T1
isointensity, suggesting red marrow. (B) A 14-year-old child with unfused spheno-occipital synchondrosis with homogenously T1 hyperintense
(fatty) marrow. (C) Adult clivus with fused spheno-occipital synchondrosis and homogenously fatty marrow. Note how clival marrow is not darker
than the pons on T1-weighted magnetic resonance imaging in any case.

Indian Journal of Radiology and Imaging Vol. 33 No. 2/2023 © 2023. Indian Radiological Association. All rights reserved.
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Table 1 Classification of clival and paraclival abnormalities

Palsetia et al.

l Clival and paraclival abnormalities

[ : [ - [

I : [

Aneurysmal Bone Cyst
Giant Cell Tumour
Cholesteatoma

Ecchordosis Physaliphora
Langerhans cell histiocytosis
Paget's

. . Tumor/ Tumor Invasion from <
Congenital Inflammato Infective s Miscellaneous
\ g | oY | like processes iother tumours i
* Basal . Sohanold * Radionecrosis
encephalocele :1 iti = Skull base * Pituitary adenoma
*  Ecchordosis . ISVI NS SI osteomyelitis * Nasopharyngeal
Physaliphora ucoc.e e = Petrous apicitis carcinoma
* 1gG4 disease g
* Meningioma
* Craniopharyngioma
2 Vv * Neuroendocrine
BENIGN tumors ln(.:ludlng
Enchondroma MALIGNANT paragangliomas.
Fibrous dysplasia Chordoma
Chondrosarcoma

Plasmacytoma
Multiple myeloma
Lymphoma
Metastases

3. Predominantly high signal intensity, with low signal
portion being less than 20% of the clivus. Normal clivus
may or may not show mild enhancement with greater
prevalence of enhancement in grade 1 clivus signal
intensity.*°

Clival and Paraclival Pathologies (~Tables 1-3)

Congenital
Basal encephaloceles are rare midline bony defects of skull
base, through which there is herniation of the brain paren-
chyma and meninges. They can be associated with other
congenital anomalies like cleft lip, cleft palate, and
hypertelorism.

They are classified anatomically depending on the site of
defect as:

1) Transsphenoidal or
2) Transethmoidal.

They may also be classified as:

1) Sphenopharyngeal where there is defect in sphenoid
bone and encephalocele herniates into nasopharynx
and

2) Spheno-orbital where encephalocele herniates through
the superior orbital fissure to lie in retrobulbar region
resulting in unilateral exophthalmos.

On imaging, transsphenoidal encephalocele is character-
ized by a vertical midline skull base defect with protrusion of
hernia sac into nasopharynx and at times varying degree of
naso-oropharyngeal lumen compromise can be seen leading
to respiratory and feeding difficulties. MRI will show the

Indian Journal of Radiology and Imaging

contents of the sac as well as associated abnormalities®’
(=~Fig. 4).

Inflammatory

Mucoceles of sphenoid sinus can erode intracranially involv-
ing the clivus, causing neurological symptoms, most com-
monly diplopia.® Primary clival mucoceles are extremely

Table 2 Categorization of various clival and para clival
pathologies

Pathologies involving the
clivus directly

Paraclival pathologies

Basal encephalocele e Skull base osteomyelitis

* Petrous apicitis

Head and neck
pathologies extending

Benign:
¢ Enchondroma

* Fibrous dysplasia to clivus:

¢ Aneurysmal bone cyst * Nasopharyngeal

* Giant cell tumor carcinoma

¢ Cholesteatoma  Sphenoid sinusitis
¢ Ecchordosis physaliphora * Mucocele

* Paget disease * IgG4 disease

Malignant:
¢ Chordoma
¢ Chondrosarcoma

Intracranial pathologies
invading the clivus:
* Pituitary adenoma

Plasmacytoma

Langerhans cell histiocytosis
Multiple myeloma
Lymphoma

Metastases

* Meningioma

* Craniopharyngioma

* Neuroendocrine
tumors including
paragangliomas

Miscellaneous: Radionecrosis

Vol. 33 No. 2/2023 © 2023. Indian Radiological Association. All rights reserved.
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Table 3 Age-wise categorization of clival and para clival pathologies

Pediatric Adult

No specific predilection

Basal encephalocele Paget’s disease

Infective and inflammatory processes

Adamantinomatous craniopharyngioma | Chondrosarcoma

Fibrous dysplasia (but < 30 years)

Langerhans cell histiocytosis Giant cell tumor

Neuroendocrine tumors

Primary skull base lymphoma Chordoma

Enchondroma

Aneurysmal bone cyst

Plasmacytoma, multiple
myeloma, metastases

Radionecrosis

craniopharyngioma,

Meningioma, pituitary adenoma, papillary

nasopharyngeal carcinoma

Fig. 4 Basal encephalocele. Sagittal T1-weighted (T1W), T2W, and axial T2W images in an 18-year-old girl shows midline clival defect
(arrow) with herniation of midbrain into the nasopharynx. (arrow). Note small posterior fossa with peg like tonsils herniating into upper cervical
canal (elbow arrow). Effacement of aqueduct results in supratentorial hydrocephalus (arrowhead).

rare. In some individuals, the clivus is pneumatized in the
course of development and may communicate with the
sphenoid sinus through an ostium. Sphenoid sinusitis
(=Fig. 5) in such cases causes obstruction of the clival
opening, hence causing retention of the secretions by the
clival mucosa. On imaging, mucoceles are locally expansile
lesions with thinning and erosions of sinus walls.® Signal
characteristic on MRI depends on the content and appears
homogenously hyperintense on T1- and T2-weighted (T2W)
sequences with no post-contrast enhancement when rich in
protein. Sphenoid sinus mucocele can be isolated or may
be secondary to malignant lesions.'%!!

Infective

Skull base osteomyelitis (SBO) is a serious, life-threatening
condition seen most commonly in elderly diabetics or im-
munocompromised patients. The two most common bacte-
rial causes are Staphylococcus aureus and Pseudomonas
aeruginosa. Aspergillosis fumigatus is the most common

Indian Journal of Radiology and Imaging

fungal cause. SBO usually presents with severe otalgia, fever,
aural fullness, and foul purulent otorrhea. In atypical central
skull base osteomyelitis or clival osteomyelitis, there are no
otologic symptoms or external auditory canal pathology that
are otherwise seen in SBO.'?

CT will show soft tissue masses and collection associated
with bony erosion at the central skull base (=Fig. 6—I, II).
Typical MRI findings (=Fig. 6—I, Il) include hypointense
signal on TIW and hyperintense signal in the clivus on
T2W images with enhancement on post-contrast imaging.
However, fungal infections appear classically hypointense on
T2W images. There may be associated dural enhancement
along the skull base. An important differential is malignancy,
which would be T2 intermediate and show solid enhance-
ment, unlike osteomyelitis. Erythrocyte sedimentation rate
could aid in differentiating the two entities, as it is not
elevated in malignancy.'?

Tuberculous osteitis (~Fig. 7) of the clivus is rare.
Presence of tubercular infection elsewhere in the body, for
example, lungs, may help in diagnosing the skull base

14
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Fig. 5 Allergic fungal sinusitis: Noncontrast computed tomographic
images of paranasal sinuses in in coronal planes show polypoidal
mucosal thickening with hyperdense contents causing opacification
of sphenoid and ethmoid sinuses (arrow). Erosion of sinus walls is also
seen (elbow arrow).

involvement. Clival destruction can be seen on plain radio-
graphs but is better delineated on CT. Soft tissue will be
better seen on MRL">

Petrous apicitis is caused by medial extension of acute
otitis media into a pneumatized petrous apex. Patients with
petrous apicitis present with an acute febrile illness and the
classic Gradenigo triad (suppurative otitis media, pain in
distribution of trigeminal nerve and abducens nerve palsy).
Petrous apicitis can cause meningitis, cerebral abscess, and
dural venous sinus thrombosis.'® Conventional radiograph
may show bone erosion and asymmetric clouding of the
petrous tip. MRI features of petrous apicitis are hyperinten-

Palsetia et al.

sity on T2W images, hypointensity on TIW images with
enhancement. There will be enhancement of the adjacent
dura mater if there is associated meningitis. Ring enhance-
ment and diffusion restriction suggest abscess formation. On
CT, petrous apicitis seen as opacification of petrous air cells
in the early stage of the disease and bone destruction in later
stages.!”

Benign Tumors

Enchondroma is a benign chondroid tumor that is common
in the phalanges, metacarpals, and metatarsals. Intracranial
enchondromas or chondromas are rare benign cartilaginous
tumors. They mainly involve the skull base. In the base of the
skull, these lesions usually arise from cartilaginous rests,
especially around the basal synchondroses. They are usually
solitary, but can also be seen as a part of Ollier’s disease'® and
Maffucci syndrome. CT may show a hyperdense lesion in-
volving the clivus with multiple areas of calcification. On
MRI, enchondromas appear as well-circumscribed lesions
without accompanying edema with heterogeneous interme-
diate- to low-signal intensity on TIW images and mixed
intensity on T2W images (~Fig. 8). Complications are trans-
formation to chondrosarcoma and increased risk of glial
tumors. Bone destruction and soft tissue extension indicate
malignant transformation.'®

Clival involvement by fibrous dysplasia (FD) is extremely
rare. FD is a developmental disorder caused by abnormal
proliferation of fibroblasts resulting in replacement of nor-
mal cancellous bone by structurally weak, immature osseous
tissue. Most of the clival FDs are monostotic. CT is the
imaging tool of choice for the evaluation of FD. The FD
involving the cranial base tends to be a sclerotic variety,
where the inner table gets thickened. Ground-glass density,
ballooning, and expansion of the affected bone and thinning
of the cortex are the hallmarks of FD. MRI reveals

Fig. 6 (I) Skull base osteomyelitis: Axial (A) T1-weighted (TTW), T2W, and T1 + C fat-saturated images in a 62-year-old diabetic male with
headache show abnormal signal involving clivus (arrow), associated with enhancing soft tissue in both petroclival regions and in prevertebral
region (arrowhead). Note dural enhancement on left side of clivus (elbow arrow) and left otomastoiditis. (l1). Skull base osteomyelitis: CT images
of same patient as in 4(l) showing erosion of clivus (arrow) with widening of petroclival joint, also there is erosion of left hypoglossal canal
(arrowhead) and left otomastoiditis (elbow arrow).

Indian Journal of Radiology and Imaging
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Fig. 7 Tuberculous osteomyelitis: Sagittal (A) and axial (B) T1-weighted (T1W), T2W, and post-contrast T1 fat-saturated images in a 23-year-old
male with restricted neck movements shows abnormal signal involving clivus, atlas, and odontoid process associated with large
peripherally enhancing collection/abscess in prevertebral region (arrow). Note cord compression at cervicomedullary junction due to soft tissue

(elbow arrow).

hypointense lesion on T1W images and variable (usually low)
signal intensity lesion on T2W images with heterogenous
post-contrast enhancement (= Fig. 9).20

Aneurysmal bone cysts (ABCs) are well-differentiated
benign osteolytic tumors, usually seen below 20 years of
age. Common location is metaphysis of long bones; however,
the clivus can be involved as well (about 2-6% of all ABCs).
Plain radiograph usually shows a complex cystic lesion.
Erosion and thinning of the cortex will be better appreciated
on CT. MR shows classical multiple fluid levels and multiple
internal septations (=Fig. 10). Fluid levels within ABCs are
indicative of hemorrhage with sedimentation. Internal sep-
tae are better delineated on post-contrast imaging. An asso-
ciated low signal intensity rim may be seen around the lesion
due to thickened but intact periosteum.?"%?

Giant cell tumors (GCTs) are benign aggressive lesions that
typically arise in the epiphysis of long bones. Although
cranial involvement is rare (less than 1% of all GCTs), GCTs
preferentially involve the sphenoid and temporal bones.
Clival GCTs are rare and may present with symptoms of

Indian Journal of Radiology and Imaging

raised intracranial pressures, optic pathway compression, or
cranial nerve palsy (most commonly 6th nerve).?> On CT, an
expansile enhancing mass can be seen causing erosion of the
clivus. Imaging characteristics on MR include a characteristic
T2 hypointense soft tissue lesion showing homogenous post-
contrast enhancement (~Fig. 11).2*

Ecchordosis physaliphora(EP) is a notochordal remnant
appearing at the dorsal wall of the clivus, in midline closer to
foramen magnum than pituitary fossa.?> A stalk like clival
connection may be visualized on high-resolution heavily
T2W sequence like CISS/FIESTA. It is benign and has to be
differentiated from chordoma. EP is usually intradural, while
chordomas mostly arise extradurally and lead to expansile
bone destruction which is well appreciated on CT scan.
Although chordomas are generally associated with symp-
toms, an EP is usually asymptomatic; however, there can be
exceptions. CT scan shows well-defined hypodense lesion in
clivus with scalloped, sclerotic margins. On MRI, EP is
hypointense on T1 and hyperintense on T2W images with
no enhancement. It is a “touch me not” lesion (~Fig. 12).%6

Vol. 33 No. 2/2023 © 2023. Indian Radiological Association. All rights reserved.
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Fig. 8 Chondroid lesion: Axial constructive interference in steady
state (CISS) images (A) and coronal T2W and axial T1-post-contrast
images (B) in a 23-year-old male with left side painless diplopia show a
lobulated extra-axial lesion arising from petrosphenoid
synchondrosis, compressing left 6th cranial nerve. The lesion is
hyperintense on T2-weighted images and shows heterogeneous
(peripheral septal) post-contrast enhancement (arrow), classic of a
chondroid lesion.

Paget disease (osteitis deformans) is a chronic skeletal
disorder characterized by abnormal and excessive remodel-
ing of bone. It demonstrates three phases:

1) The lytic phase (incipient active), in which osteoclastic
activity predominates;

2) The mixed phase (active), in which there is both
osteoclastic and osteoblastic hyperplasia with predom-
inant osteoblastic activity; and,

3) The blastic phase (late inactive), in which osteoblastic
activity gradually declines.

Palsetia et al.

Fig. 10 Aneurysmal bone cyst: Axial T2-weighted (T2W) images (A)
and sagittal T2W (B) magnetic resonance imaging showing cystic
lesion with fluid-fluid levels (elbow arrows) involving the clivus. Fine-
needle aspiration cytology revealed hemorrhagic aspirate, and a
diagnosis of aneurysmal bone cyst was established on
pathognomonic imaging findings.

When skull base is involved, there is associated platybasia,
basilar invagination, and vertebrobasilar insufficiency. MRI
features depend on the phase of the disease: hyperintense on
T2, hypointense on T1 in the lytic phase, hyperintense on both
T1W and T2W sequences in mixed phase and hypointense on
both TIW and T2W sequences in blastic phase. Bone thickening
and sclerosis will be seen on CT in the blastic phase.?%

Cholesteatoma refers to epithelium lined cysts filled with
keratinized desquamated debris, typically used in

Fig.9 Fibrous dysplasia. Axial computed tomographicimage in bone window (A) shows bony expansion with ground-glass matrix and sclerotic
change involving the left half of clivus, with foraminal involvement. Corresponding axial T1-weighted magnetic resonance imaging (B) shows low
T1 signal in the expanded bone (arrows), consistent with skull base fibrous dysplasia.

Indian Journal of Radiology and Imaging
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Fig. 11 Giant cell tumor. Sagittal bone algorithm computed tomography (CT) reformatted (A) and axial post-contrast CT (B) images showing an
expansile lytic lesion (arrows) with no matrix involving the clivus. Axial T1-weighted (T1W), T2W, and post-contrast T1W (C) images show a large

lobulated T2 intermediate to hypointense mass (classic T2 signal of giant cell tumor [GCT]) showing enhancement and bony expansion.
Histopathology revealed GCT.

Fig. 12 Ecchordosis physaliphora: Sagittal computed tomographic (CT) image in bone window (A), sagittal T1 noncontrast (B), sagittal T2-
weighted imaging (T2WI) (C) and sagittal T1 + Cimages (D) in a 63-year-old male show an incidental finding of a well-defined lesion (arrows) in
clivus which is hypointense on TTW and homogenously hyperintense on T2W images, without any post-contrast enhancement (D). These

features of well-defined nonenhancing T2 bright lesion were classic for ecchordosis physaliphora and multidisciplinary tumor board decision to
“wait and watch” was taken.

Indian Journal of Radiology and Imaging Vol. 33 No. 2/2023 © 2023. Indian Radiological Association. All rights reserved.
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Fig. 13 Congenital cholesteatoma. Axial T1-weighted (T1W), T2W, and post-contrast (A) and coronal TTW, T2W images (B) in a 33-year-old male
showing well-defined expansile cystic lesion involving left petrous apex and extending into clivus. It is causing thinning of petrous bone and
indents on left cerebellopontine cistern and internal auditory canal. The lesion is hyperintense on T1W and T2W images with no enhancement.

Imaging differential diagnosis is cholesterol granuloma.

association with middle ear disease.?® Extraotic locations
include the posterior fossa at the cerebellopontine angle in
the intradural area. Extradural tumors are most often found
in the petrous bone and very rarely in the clivus. Other than
erosion of the clivus on CT, cholesteatomas are usually hypo
to isointense on TTW images and hyperintense on T2ZW MRIs
with no enhancement (=Fig. 13). They appear to have high
signal on DWI, which is its characteristic feature. Due to a
high propensity to recur, total surgical excision is the pre-
ferred method of management.

Langerhans cell histiocytosis a rare but possible cause of a
clival mass in the pediatric population. It typically shows
destructive, lytic punched out bone lesions. The lesions are
hyperintense on T2 and hypointense on TIW images with
homogeneously or heterogeneously enhancing destructive
soft tissue mass and variable local extension. Diffusion
restriction may be seen due to the increased cellularity of
the lesion. Once clival Langerhans Cell Histiocytosis (LCH) is
detected, synchronous lytic lesions in other areas of the
skeleton should be looked for.?%-3°

Primary Malignant Tumors

Chordomas are malignant tumors arising from embryonic
remnants of the primitive notochord, usually seen in the age
group of 40 to 70 years, but can also occur in the age group of

Indian Journal of Radiology and Imaging

20 to 40 years. They are slow growing tumors. They can arise
in the clivus from the basisphenoid, basiocciput or the
spheno-occipital synchondrosis. Histopathologically, they
can be classified as typical and chondroid. On CT, chordomas
are seen as a centrally located, expansile soft-tissue mass
arising from the clivus with associated extensive bone de-
struction.! The chondroid variant is more likely to demon-
strate intratumoral calcifications. There is moderate to
marked enhancement. Low-attenuation areas sometimes
seen within the soft-tissue mass represent the myxoid and
gelatinous material seen at gross examination. On MRI, they
are hypointense onT1 and very hyperintense on T2W images,
which is a characteristic finding. It shows moderate to
marked heterogeneous honeycomb pattern of enhancement.
The mucinous component will show high signal intensity on
T1W images. Chondroid chordomas may not be as bright as
typical chordomas on T2W MR images, because the gelati-
nous matrix is replaced by cartilaginous component ( ~Figs.
14 and 15). This is important for prognosis due to the better
survival of patients with chondroid chordoma. MRI also
shows if there is displacement or partial encasement of
intracranial arteries. Thumb sign or thumbing of the pons
is seen in midline sagittal images as indentation of the
pons.>?

Skull base chondrosarcoma (=Fig. 16) arises from the
cartilage or bones with endochondral ossification and
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Fig. 14 Clival chordoma. Axial and coronal T1-weighted (T1W) (A); axial, coronal, and sagittal T2W (B) images in a 16-year-old boy with
complaints of nasal obstruction showing a large midline intensely T2 hyperintense clival lesion (arrow), with posterior projection indenting the

pons, so-called thumb sign (elbow arrow).

Fig. 15 Clival chordoma. Axial T2-weighted (T2W) (A) and sagittal
T2W and post-contrast T1W (B) images showing an enhancing T2
heterogeneously hyperintense expansile lesion (arrow) with
hypointense thin peripheral sclerotic rim (arrowhead).
Histopathology revealed chordoma.
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primitive mesenchymal cells of the meninges. It can occur at
all ages from the teens into the 90s. Skull base chondrosar-
coma most commonly occurs along the petro-occipital fis-
sure. They are wusually well-differentiated, grade 1
chondrosarcomas. It is seen as a well-defined osteolytic
lesion with characteristic ring and arc calcifications on CT.
It is iso to hypointense on noncontrast TIW and hyperin-
tense on T2ZW MR images with intense heterogenous en-
hancement. In contrast with chordoma, chondrosarcomas
are off midline.>> The chondroid matrix may also help to
differentiate chondrosarcoma from classical chordoma.

Plasma cell tumors affecting the skull base are generally a
part of underlying multiple myeloma (MM). Plasmacytomas
are monoclonal proliferations of plasma cells that may arise
within soft tissue or bone. Solitary plasmacytoma of the skull
base is rare and can progress to MM rapidly.3* Solitary clival
plasmacytomas are asymptomatic until symptoms related to
compression of cranial nerves, especially sixth cranial nerve
and headaches develop.>®> Positron emission tomography
with fluorodeoxyglucose can aid in the detection of other
sites of medullary and extramedullary disease. On MRI,
intracranial plasmacytomas are iso-to hyperintense on
T1W images and iso- to hypointense on T2W images, differ-
entiating them from other tumors. They show post-contrast
enhancement (=Fig. 17). On CT scan, the lesions are osseo-
destructive and avidly enhance.

MM represents malignant proliferation of monoclonal
plasma cells. Intracranial lesions of MM commonly involve
the cranial vault, the skull base and the orbit, but the clivus is

Vol. 33 No. 2/2023 © 2023. Indian Radiological Association. All rights reserved.

211



212 Clival and Paraclival Lesions: A Pictorial Review Palsetia et al.

less commonly affected. Imaging features are similar to that
of solitary clival plasmacytoma.3®

Primary skull base lymphoma is a rare form of extranodal
lymphoma. Diffuse large B-cell lymphoma is the most com-
mon subtype. Lymphoma of central skull base is another
uncommon tumor in pediatric patients. It is usually a hyper-
dense soft tissue mass on plain CT. On MRY, it presents as an
isointense or hypointense mass on both TIW and T2W
images with homogeneous enhancement. It typically shows
restricted diffusion owing to high cellularity. The presence of
enlarged lymph nodes in the neck would further favor
lymphoma.3’

Metastases

Clival metastases are extremely rare. Clival metastases can
occur in the context of a known history of a distant malignancy
or they may be the presenting symptom of a distant malig-
nancy. The primary tumor can be intra-abdominal, thoracic,
pelvic or in the head and neck region. They are usually
destructive bone lesions with isointense or hypointense signal
on T1W images, hyperintense on T2W imaging and enhance-
ment with gadolinium. They can be hyperintense on T1W
images, resembling plasmacytomas (=Fig. 18).38

Fig. 16 Clival chondrosarcoma. Sagittal reformatted bone window
computed tomographic (CT) image (A) and axial post-contrast

magnetic resonance imaging T1-weighted (B) images in same patient Invasive Pituitary adenoma: These are tumors arising from
showing a large expansile lobulated mass (arrows) in the basi-

sphenoid region, showing peripheral lobular enhancement. The CT an.terlor lobe of pituitary gland and invading tt.le clivus/
cuts shows the characteristic ring and arcs calcifications. middle skull base (~Figs. 19 and 20). The lesions may
Histopathology revealed chondrosarcoma. show intratumoral cysts/ hemorrhage, also known as

Intracranial Tumors Invading Clivus

Fig. 17 Clival plasmacytoma. Axial TTW, coronal and sagittal T2W MR (A) and CT images (B) in a 54Y/M show abnormal marrow signal involving
right half of the clivus and petrous apex (arrows). On CT scan, it appears as expansile lytic lesion (dotted arrows). Histopathology revealed
Plasmacytoma.
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Fig. 18 Clival metastasis. Axial short-tau inversion recovery magnetic
resonance (STIR MR) image (A) showing primary mass involving the
right buccal mucosa (arrow). Coronal T1-weighted (T1W) (B), sagittal
T2W, and T1 post-contrast MR images (C) show an expansile lesion in
basisphenoid, which is T1 hypointense, T2 heterogeneously
hyperintense showing intense enhancement (elbow arrows).

pituitary apoplexy. This is a tumor of older adults and
typically presents with visual fields defects or symptoms
related to hormonal activity. Normal pituitary gland will not
be seen sepalrately.39

Nasopharyngeal carcinoma, when large, can invade the
clivus (=Fig. 21). Involvement of the clivus is a bad prognos-
tic factor in patients with nasopharyngeal carcinoma.
Patients usually present between 40 and 60 years of age. It
is more common in Asian population. Tumors usually arise
from the fossa of Rosenmiiller and shows mild enhancement.

Palsetia et al.

Meningiomas are the most common benign intracranial
neoplasms in adults. Since they are slow growing, they are
detected late when they cause symptoms which in case of
clival invasion would be cranial nerve palsies. On non-
contrast enhanced CT, they are hyperdense and show homo-
geneous enhancement on post-contrast imaging. They are
hypo to isointense on T1 and T2W sequences with intense
homogenous enhancement with a dural tail (~Fig. 22).

Craniopharyngioma is a suprasellar mass arising from
Rathke’s pouch. It is of two types,

1) Adamantinomatous, which is predominantly cystic and
seen in childhood; and
2) Papillary, which is a solid mass seen in adults.

Neuroendocrine tumors and paragangliomas are few
other lesions affecting the clivus (~Figs. 23 and 24). Glomus
jugulare is a paraganglioma arising in the jugular fossa. On
CT, a characteristic “moth-eaten” pattern of destruction of
the temporal bone is seen. The tumor shows intense en-
hancement. It appears T1 hypointense, T2 hyperintense with
classical “salt and pepper” pattern on both of these MR
sequences. The “pepper” component is due to areas of signal
void, while the “salt” component is caused by slow flow or
subacute hemorrhage giving rise to hyperintense foci. This
appearance is seen in tumors larger than 1cm.*® Conven-
tional angiography will show intense tumor blush. Indium-
111 labeled octreotide scan will detect this tumor due to the
presence of somatostatin receptors.

Miscellaneous

Osteoradionecrosis (ORN) is a known complication of radi-
ation therapy for head and neck malignancies, and it
involves the destruction of bony structures. ORN of the
skull base most commonly involves the sphenoid bone,
followed by the clivus. It is difficult to differentiate tumor
recurrence from ORN or the two pathologic changes exist at
the same time, therefore histological correlation is impor-
tant (~Table 4).%'

Fig. 19 Pituitary adenoma: Sagittal (A) and coronal (B) images in a 26-year-old female with elevated prolactin levels shows a pituitary mass
(arrow) extending into left cavernous sinus and also eroding sella turcica and extending upto clivus histopathology revealed pituitary adenoma.
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Fig. 20 Invasive pituitary adenoma. T1 and post-contrast images (A, B) of a partially resected pituitary macroadenoma with fat packing, now
presenting as a mass in dorsum sellae and invading the entire clivus. The lesion shows homogeneous post-contrast enhancement.
Histopathology revealed pituitary adenoma (arrow).

Fig. 21 Nasopharyngeal carcinoma invading clivus: Axial T1-weighted (T1W), T2W, and post-contrast TTW (A); sagittal T2W and post-contrast
T1W (B) images showing a large lobulated T1 hypointense, T2 predominantly hypointense heterogeneously enhancing mass (arrows)
epicentered in the nasopharynx extending upto left choana. It is causing near complete erosion of the clivus, body of sphenoid, and left half
anterior arch of atlas.
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Fig. 22 Clival meningioma. Sagittal (A) and axial (B) T1-weightd (T1W), T2W, and post-contrast T1 fat saturated images showing a well-defined
homogenously enhancing extra-axial lesion (arrow) with broad based at clivus indenting and compressing the medulla. Note dural tail along
clivus superior to the lesion (arrowhead). Incidentally peg like tonsils (elbow arrow) due to Chiari 1 malformation.

Fig. 23 Neuroendocrine tumor infiltrating clivus: Axial T1-weighted (T1W), coronal, and sagittal T2W (A) and post-contrast fat-saturated (B)
images in a 55-year-old female showing a heterogenous mass (arrow) involving nasopharynx, clivus, sella as well as encasing both the petrous
and cavernous internal carotid arteries. The tumor also extends into left pterygopalatine fossa (elbow arrow).
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Fig. 24 Paraganglioma invading clivus: Axial T2, axial post-contrast (A) and coronal T2-weighted fat sat magnetic resonance images (B) show a
large heterogeneously enhancing mass (arrow) involving right side of skull base and petrous apex with extension into neck (dotted arrow). Note
the classic “salt and pepper” appearance (best appreciated in A): T2 bright foci (salt) and T2 hypointense flow voids (pepper).

Table 4 Summary of key imaging features of clival-paraclival lesions

Lesion Key imaging features
1. Chordoma e T2 very hyperintense, T1 iso to hypointense
* Heterogeneous “Honeycomb” enhancement
¢ Midline
e Thumb sign
* Chondroid variant: calcifications common
2. Chondrosarcoma e T2 hyperintense, T1 hypointense
* Intense heterogenous post-contrast enhancement
* Off midline

Rings and arcs calcifications

3. Ecchordosis physaliphora * T2 hyperintense, T1 hypointense
* No post-contrast enhancement
« Stalk like clival connection on high-resolution heavily T2-weighted sequence like CISS/FIESTA

4. Fibrous dysplasia * Ground-glass density, ballooning and expansion of the affected bone, thinning of the cortex

5. Plasmacytoma e T1 iso to hyperintense; T2 iso to hypointense, with post-contrast enhancement.
* Osseo destructive on CT
* Solitary lesion

6. Lymphoma * Isointense or hypointense mass on both T1- and T2-weighted images with homogeneous
enhancement and restricted diffusion

7. Giant cell tumor ¢ T2 hypointense soft tissue lesion showing homogenous post-contrast enhancement

8. Fungal infection * T2 hypointense

9. Aneurysmal bone cyst e Multiple fluid levels and multiple internal septations on MRI

10. Cholesteatoma * High signal on DWI

11. Meningioma * Hyperdense on noncontrast-enhanced CT

* Homogeneous enhancement
* Hypo to isointense on T1- and T2-weighted sequences
Dural tail

12. Paraganglioma ¢ On CT, a characteristic “moth-eaten” pattern of destruction of bone
Intense enhancement
“Salt and pepper” pattern on T1- and T2-weighted sequences

Abbreviations: CISS, constructive interference in steady state; CT, computed tomography; DWI, diffusion-weighted imaging; MRI, magnetic
resonance imaging.
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Conclusion

The clivus can thus be involved by a wide spectrum of
conditions ranging from congenital to neoplastic. Owing to
the vague clinical presentation and limited clinical accessi-
bility to this region, imaging is of paramount importance in
approximating to the final diagnosis and mapping out the
disease extent. Hence, a clear understanding of clival anato-
my and the radiological appearances of various clival and
paraclival pathologies plays a pivotal role in early diagnosis
(=Table 4) and defining the most effective therapeutic or
surgical approach for their management.
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