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e The ability to confidently identify anatomic variants and benign pathologies that can mimic
neoplasm in the skull base may help prevent unnecessary imaging follow-up, biopsies, or

interventions.

e Normal variant anatomy of the central skull base includes canalis basilaris medianus, fossa navicu-
laris magna, craniopharyngeal canal, and arrested pneumatization of the sphenoid sinus.

e Benign lesions of the central skull base include cephalocele, fibrous dysplasia, ecchordosis phys-
aliphora, invasive or ectopic pituitary adenoma, skull base osteomyelitis, and other inflammatory

processes.

e Petrous apex tumor mimics include petrous apex cephalocele, asymmetric pneumatization,
petrous apex effusion, and petrous internal carotid artery aneurysm.

INTRODUCTION

The base of skull acts as a supporting structure for
the brain and the primary boundary between the
intracranial central nervous system and the extra-
cranial head and neck compartments. Many
different benign and malignant processes can
affect the skull base, and its involvement by malig-
nant processes can drastically alter staging, surgi-
cal approach, or radiation planning."™ Clinical
evaluation and tissue sampling are difficult
because of its deep location, leaving imaging
assessment the primary means for lesion evalua-
tion. The purpose of this article is to familiarize
readers with the imaging characteristics of various
anatomic variants and benign pathologies of the
skull base that can mimic more ominous pathol-
ogies, in hopes of increasing confidence of diag-
nosis, decreasing unnecessary procedures, and
allaying patient fear.

ANATOMIC VARIANTS OF THE CENTRAL
SKULL BASE

The embryologic development of the sphenoid
bone is complex, with 15 separate ossification

centers, containing the cephalic end of the course
of the notochord, and also taking part in develop-
ment of the pituitary gland.>® Failure of embryo-
logic development could produce anatomic
variants including canalis basilaris medianus
(CBM), fossa navicularis magna, and craniophar-
yngeal canal (CPC), which radiologists should be
familiar with to avoid misinterpretation as
pathology.

Canalis Basilaris Medianus

Anatomic variants of the basiocciput are uncom-
mon, and the CBM, also known as the median
clival canal, clival canal, or median basal canal,
is one of the more well-known variants.>° The
CBM was first described by Gruber in 1880 and
consists of a well-defined channel extending
from the surface of the basiocciput.® Depending
on the number and location of openings to the sur-
face of the basiocciput, six different types have
been described, and they are estimated to occur
in about 4% to 5% of children and 2% to 3% of
adults (Fig. 1).56°7'* These defects may close as
children age, explaining the discrepancy between
incidences in children and adults.
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Fig. 1. Canalis basilaris medianus. The developmental notochord extends cranially to caudally through the sphe-
noid, sphenoccipital synchondrosis, occiput, vertebral bodies, and intervertebral disks, with a free segment in the
nasopharynx (A). CBM complete types include superior (B), inferior (C), and bifurcatus (D). CBM incomplete types
include long-channel (E), superior recess (F), and inferior recess (G).

Three types of complete CBM have been
described. The superior type exhibits a superior-
inferior channel through the clivus connecting
two openings on the dorsal aspect of the basiocci-
put. The inferior type exhibits an anterior-posterior
channel connecting openings on the dorsal and
ventral aspects of the basiocciput. The bifurcatus
type exhibits a bifurcated channel connecting
two openings on the dorsal aspect and one open-
ing on the ventral aspect of the basiocciput.

Three types of incomplete CBM have been
described. The long-channel type exhibits a long
channel extending from the dorsal aspect of the
basiocciput toward the basisphenoid. The supe-
rior and inferior recess types exhibit round defects
along the dorsal and ventral aspects of the basioc-
ciput (see Fig. 1).

On imaging, the complete types or the incom-
plete long channel type appear as 1- to 2-mm
wide, well-corticated, midline, channel-like de-
fects extending from the dorsal aspect of the
basiocciput (Fig. 2). The incomplete recess types
appear as round, well-corticated midline defects
along the surface of the basiocciput and may
contain adenoid lymphoid tissue in the case of
the inferior recess type, which is misinterpreted
as a mass. The longitudinal extent of the CBM
may be more easily assessed on thin-slice sagittal
computed tomography (CT) images.

There are two main theories explaining the
development of the CBM.>%'5 The first is that
the CBM is simply a vascular channel containing
venous structures (emissary veins) connecting to
the basilar venous plexus. A few studies have
demonstrated only the presence of vascular struc-
tures within the canal.®'* The second, more likely
theory is that the CBM represents remnant

notochordal tissue. In utero, the notochord
courses within the vertebral bodies caudally.
Cranially, the notochord courses within the
basiocciput and ends in the posterior sphenoid,
with a free segment within the pharyngeal wall
ventral to the clivus.>%'® The notochord is
enclosed by the osseous structures and degener-
ates, leaving remnants within the clivus and nu-
cleus pulposi.>'® Failure of different portions of
the notochordal canal to close entirely is thought
to result in the CBM.

Although the CBM is generally thought to be a
benign anatomic variant, there have been case re-
ports of potentially related complications. Nguyen
and colleagues'® reported a case of a nasopha-
ryngeal chordoma associated with a CBM, which
also lends credence to the theory that the CBM
represents remnant notochordal tissue. Additional
potential complications include basioccipital
meningocele, recurrent meningitis, pharyngeal
enterogenous cysts, nasopharyngeal Tornwaldt
cysts, and cerebrospinal fluid (CSF) leaks.® "2

Fossa Navicularis Magna

The fossa navicularis magna, also known as the
fossa pharyngea, large pharyngeal fossa, keyhole
defect, CBM, and longitudinal or transverse seg-
mentations, is another anatomic variant of the
ventral aspect of the basiocciput.>?*24 |t is esti-
mated to occur in approximately 1% to 8% of
the population, without any significant difference
in incidence between males and females.' 25727
On imaging, the fossa navicularis magna ap-
pears as a well-defined, well-corticated, notchlike
midline defect along the ventral aspect of the cli-
vus and contains soft tissue (Fig. 3), similar in
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Fig. 2. Incomplete long channel type canalis basilaris medianus. Sagittal (4), axial (B), and coronal (C) computed
tomography images demonstrate a long, thin, well-corticated, channel-like midline osseous defect in the dorsal
surface of the clivus, extending from the dorsal aspect of the basiocciput toward the basisphenoid (arrows).

(Courtesy of G. Moonis, MD, New York, New York).

appearance to the inferior recess type
CBM.523:2428 |t can appear as a keyhole-shaped
defect, with a narrow neck extending to a deep
larger round defect. It may contain lymphoid tissue
from the nasopharyngeal adenoids.?* At the bot-
tom of the fossa navicularis, there may be a round
or ovoid recess, called the pharyngeal fossa.®?®

Given the similarity of its appearance, the fossa
navicularis magna may actually represent the infe-
rior recess variant of an incomplete CBM.*2%:28 |t
is also thought to represent remnant notochordal
tissue, rather than prominent emissary veins.>2°

The fossa navicularis magna is generally thought
to be a benign anatomic variant, but it may occa-
sionally serve as a route of spread for infection
via primary infection or abscess formation within
the lymphoid tissue of the fossa navicularis, result-
ing in clival osteomyelitis and intracranial
spread.”'28‘31

Craniopharyngeal Canal

The CPC, also known as the persistent CPC,
persistent hypophyseal canal, or transsphenoidal
canal, is another skull base anatomic variant,

appearing as a well-corticated, midline, linear
defect of the sphenoid, extending from the floor
of the sella turcica to the nasopharynx.”-8:32:33 |t
is rare, occurring in approximately 0.3% to 0.4%
of the population, and larger defects may actually
reflect meningoencephaloceles related to dysra-
phism and occur with other midline craniofacial
abnormalities, such as optic apparatus abnormal-
ities, agenesis of the corpus callosum, PHACES
syndrome, cleft lip, or cleft palate.’’-32-34

The pituitary gland is formed by fusion of Rathke
pouch, which forms as a diverticulum from the roof
of the stomodeum migrating superiorly, with the
floor of the diencephalon migrating inferiorly.®
The presphenoid and postsphenoid cartilages
then fuse, resulting in closure of Rathke pouch.
Failure of the cartilage to fuse leaves behind a re-
sidual canal, the CPC.”-8323% Remnant pituitary
tissue has been found within a CPC, supporting
this theory.%®

Although the CPC is a benign variant, its pres-
ence may have important clinical and surgical im-
plications. A large CPC may be lined by dura that
joins with the periosteum on the undersurface of
the sphenoid, resulting in CSF leaks or recurrent

Fig. 3. Fossa navicularis. Sagittal CT image (A) shows a round, well-corticated osseous notchlike midline defect in
the ventral surface of the clivus containing soft tissue. Axial CT image (B) shows the defect is midline, with a
keyhole configuration (arrow). Noncontrast (C) and contrast-enhanced (D) T1-weighted (T1W) MR images
show the soft tissue within the fossa is continuous with and enhances similarly to the nasopharyngeal tissues, re-
flecting adenoidal lymphoid tissue (arrow).
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meningitis.®>3¢~40 The pituitary gland itself may
herniate through the canal and the canal may be
associated with masses, such as pituitary ade-
nomas, craniopharyngiomas, dermoids, and naso-
pharyngeal gliomas (heterotopic neuroglial tissue),
which is mistaken for skull base or primary naso-
pharyngeal polyps or neoplasm. Pituitary tissue
may be inadvertently resected during surgery,
resulting in iatrogenic hypopituitarism or CSF
|eak_7,8,32,41—44

In 2014, Abele and colleagues® proposed a clas-
sification system composed of three main types of
CPC. Type 1 is described as a small incidental ca-
nal (Fig. 4), type 2 as a medium-sized canal con-
taining ectopic adenohypophysis, type 3A as a
large canal with associated cephalocele, type 3B
as a large canal with associated tumors of the
adenohypophysis or associated embryonic tis-
sues (Fig. 5), and type 3C as a large canal with
associated tumors of both tissue types. Type 2
and type 3 CPC may be associated with higher
rates of pituitary dysfunction, and type 3 CPC
may be more prone to surgical complications,
such as iatrogenic hypopituitarism or CSF leak.

Arrested Pneumatization of the Sphenoid
Sinus

Pneumatization of the paranasal sinuses begins in
utero, with maturation continuing through the third
decade of life.*>"*° Alteration of this process can
result in hypoplastic, aplastic, or accessory si-
nuses. Arrested pneumatization, most frequently
involving the sphenoid sinus, is a developmental
variant with imaging features that may be easily
confused with more concerning pathologies.*-°0:51

At birth, the sphenoid bones contain erythropoi-
etic marrow, which undergoes yellow fatty marrow
conversion within the presphenoid plate starting

before 2 years of age.**™*® The process extends
posteriorly into the basisphenoid. Conversion
here precedes the normal marrow conversion of
the clivus.*® Respiratory mucosa extends into the
areas of yellow marrow and results in pneumatiza-
tion as early as 2 years of age and extends to the
sphenoccipital synchondrosis, attaining maturity
by 14 to 16 years.***® Marrow conversion is
thought to be triggered by changes in blood sup-
ply or oxygenation, but it is not clearly under-
stood.*®%?  Patients with sickle cell or
thalassemia, with diseased red blood cells, seem
to have higher rates of arrested pneumatization,
lending credence to this idea.®"

When arrested pneumatization occurs, atypical
fatty marrow persists within the sphenoid bone
adjacent to the aerated sinuses, most commonly
in expected regions of normal or accessory sphe-
noid sinus pneumatization. These locations
include the basisphenoid, pterygoid processes,
and clivus.** On CT, it appears as a well-
circumscribed, nonexpansile lesion with well-
corticated margins and varying amounts of internal
fat and internal curvilinear calcifications.*® On MR
imaging, it appears as a lesion with higher T1
signal than that of surrounding normal bone
marrow (Fig. 6) and may have subtle patchy
enhancement.*®> Given its imaging features, it
may be misinterpreted as chordoma, chondrosar-
coma, fibrous dysplasia (FD), osteomyelitis, or
metastatic disease and can lead to unnecessary
imaging, biopsy, or treatment.*%°

To allow for more confident diagnosis of
arrested pneumatization, Welker and colleagues*®
in 2008 proposed a set of diagnostic criteria: (1)
location at a site of normal or accessory pneuma-
tization; (2) nonexpansile lesion with sclerotic,
well-circumscribed margins; and (3) demon-
strating fat content, internal curvilinear

Fig. 4. Type 1 CPC. Axial (A) and sagittal (B) CT images show a narrow, well-corticated, midline channel through
the clivus, extending from the floor of the sella turcica to the roof of the nasopharynx (arrows).
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Fig. 5. Type 3B CPC. Sagittal CT images in bone (A) and soft tissue (B) windows show a large well-corticated cra-
niopharyngeal canal/defect (black arrow) in the floor of the sella turcica, with herniated pituitary tissue (white
arrow) and a fat-containing lesion anteriorly, likely a dermoid (dashed arrow). Sagittal precontrast (C) and coro-
nal postcontrast (D) TIW MR images show the enhancing herniated pituitary tissue (solid arrows) and T1 hyper-

intense dermoid (dashed arrow).

calcifications, and normal appearance of any
associated skull base foramina.

BENIGN LESIONS
Cephalocele

Cephaloceles are an extension or protrusion of any
intracranial contents through a defect of the cra-
nium and dura mater.>3-°° When they contain her-
niated brain tissue, they are termed
encephaloceles. Congenital cephaloceles are
rare, with an incidence of approximately 0.8 to 4
per 10,000 live births. They are thought to repre-
sent a primary anomaly of formation and separa-
tion of the neural tube from the body surface. As
a result, they occur in conjunction with other intra-
cranial and extracranial developmental anomalies
in up to 50%.%%75° These more commonly occur
posteriorly (occipital or parietal) than anteriorly
(frontoethmoidal),®*°® and they are most often

midline but can occur off midline, such as into
the paranasal sinuses or petrous apices.>*61:62

Acquired cephaloceles can occur as a result of
prior trauma, surgery, tumors, sphenoid dysplasia,
or osteoradionecrosis, or they are spontaneous.
Spontaneous cephaloceles are often seen in
obese middle-aged women with idiopathic intra-
cranial hypertension, where the increased intra-
cranial pressure, associated prominent arachnoid
granulations, and progressive bony thinning are
thought to lead to CSF leaks and herniation of
the dura or brain.®® Spontaneous cephaloceles
and CSF leaks are typically seen in areas of thin
bone including the cribriform plates, areas
bordering the pneumatized paranasal sinuses,
and the tegmen tympani.®®

Imaging demonstrates a sac of fluid with or
without brain tissue extending from the intracranial
compartment through an osseous defect, with CT
best demonstrating the bony defect and MR
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Fig. 6. Arrested pneumatization of the left sphenoid sinus. Axial CT images in bone (A) and soft tissue (B) win-
dows show a well-circumscribed, well-corticated, lesion with internal curvilinear calcifications centered on a
normal area of sphenoid pneumatization in the left sphenoid body (arrows). Soft tissue window demonstrates
central fat density. Axial TIW MR image (C) shows the lesion demonstrates higher signal than the adjacent

normal marrow within the clivus and sphenoid.

imaging best determining the contents of the
cephalocele (Fig. 7). The sac and brain tissue
may demonstrate heterogeneous enhancement.
Cisternogram with intrathecal contrast administra-
tion may demonstrate leakage of contrast into the
sac or into the surrounding tissues, as in the case
of a CSF leak. On imaging, cephaloceles are
mistaken for cystic or solid masses, therefore
attention for skull base defects should be made
for lesions bordering the skull base.

Cephaloceles can herniate into the paranasal si-
nuses, where they may be mistaken for muco-
celes, polyps, or primary neoplasms on imaging
and endoscopically.®> When herniating into si-
nuses, they frequently present with CSF rhinorrhea
but can also present with recurrent meningitis or, if
large enough, airway obstruction.5®%2 Accurate
diagnosis of cephaloceles is important because
biopsy or resection runs a risk of iatrogenic intra-
cranial infections, parenchymal contusion, or
CSF leaks.®® Surgical goals for these patients
may include removal of the sac and any dysplastic
brain tissue, preservation of any normal brain tis-
sue, and secure closure of the wound.®6-57

Fibrous Dysplasia

FD is a benign, slowly progressing, dysplastic pro-
cess affecting osteogenesis, characterized by the
replacement of normal medullary bone with
abnormal fibrous tissue interspersed with irregu-
larly shaped trabeculae of woven bone on histol-
ogy.’*®7 1t is thought to be caused by an
activating missense mutation of the GNAS gene
on chromosome 20, affecting the Gs protein alpha
subunit and resulting in increased cAMP
levels.®567-68 This mutation is seen in the areas
of abnormal bone and in patients with McCune-
Albright syndrome.

FD accounts for approximately 5% to 10% of all
osseous tumors and has been classified with three
main forms: (1) monostotic (80%); (2) polyostotic
(20%); and (3) McCune-Albright syndrome, which
is polyostotic disease with endocrine dysfunction,
abnormal skin pigmentation, and precocious pu-
berty.64:6567:68 Polyostotic disease can also be
seen with other disorders, including primary hy-
perparathyroidism, tuberous sclerosis, and
Mazabraud syndrome.®°%8 FD most commonly af-
fects the craniofacial bones, in 10% to 25% of
cases of monostotic disease and 50% to 100%
of cases of polyostotic disease, predominantly
affecting the ethmoid (71%), followed by the sphe-
noid (43%), frontal (33%), and maxilla (29%), with
temporal bone involvement being rare.®”~"° Most
patients with the disorder are asymptomatic, but
presenting symptoms are usually related to the
site of disease, such as facial asymmetry, sinusitis,
vision loss from optic canal involvement, head-
ache, hearing loss from temporal bone involve-
ment, or facial pain.6%67:6°

Imaging features of FD are variable and
confusing. On CT, the intramedullary lesions are
described as well-defined and expansile, with inter-
nal “ground-glass” density, cortical thinning, and
endosteal scalloping, although lesions may also
appear completely lucent or sclerotic. MR imaging
features are nonspecific and depend on the amount
of fibrous tissue present within the abnormal bone.
They typically demonstrate intermediate signal in-
tensity but may show higher T2 signal in lesions
with less osseous trabeculation or more cystic
change.®>® Lesions are highly vascular and can
enhance intensely. Given the enhancement and
variable MR imaging features, FD is often mistaken
for skull base neoplasm on MR imaging. When MR
imaging evaluation is equivocal, CT imaging may be
helpful to evaluate for the characteristic internal
“ground-glass” density (Fig. 8).
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Fig. 7. Left greater sphenoid wing encephalocele. Coronal (A) CT image shows an osseous defect (arrow) through
the left greater sphenoid wing with complete opacification of the left sphenoid sinus. Sagittal T2 SPACE (B), axial
T2W (C), and axial contrast-enhanced T1W (D) MR images show abnormally enhancing herniated dysplastic, gli-
otic brain tissue extending from the adjacent temporal lobe into the left sphenoid sinus (arrows).

Imaging is clinically useful for evaluating for
extent of disease and for rare complications of
FD, including associated aneurysmal bone cyst
formation, impingement on the optic nerve or tem-
poral bone structures, and malignant degenera-
tion.5>% Rapid expansion of the lesion,
associated pain, bone destruction, or soft tissue
invasion should raise suspicion for malignant
degeneration, which occurs most commonly as
osteosarcoma, fibrosarcoma, chondrosarcoma,
or malignant fibrous histiocytosis.®%:¢°

Ecchordosis Physaliphora

Ecchordosis physaliphora (EP) is a small, gelati-
nous benign, hamartomatous mass derived from
remnant notochordal tissue, usually at midline
along the dorsal wall of the clivus or in the sacro-
coccygeal region, although they can occur any-
where along the route of the notochord.”'~"®

EP are usually asymptomatic and found in 0.4%
to 2.0% of autopsies.”>"® They are usually intra-
dural at the level of Dorello canal, attached to the
dorsal wall of the clivus by an osseous stalk or

pedicle. This contrasts with the related, rarer chor-
doma, a malignant neoplasm derived from noto-
chordal remnant tissue, which is typically
symptomatic, aggressive, and intraosseous,
constituting 2% to 4% of primary bone tu-
mors.”"7278 There have been case reports, how-
ever, of symptomatic EP with CSF fistulas into
the sphenoid sinus, cervical spine EP resulting in
hemiparesis and hemihypoesthesia, spontaneous
pneumocephalus and pneumoventricle, head-
ache, abducens nerve palsy, intracranial hyperten-
sion, intratumoral hemorrhage, CSF rhinorrhea,
meningitis, and spontaneous rupture resulting in
recurrent pneumocephalus and presenting as
imbalance, headache, and rhinorrhea.””>79-86
Regarding imaging features of EP, CT imaging is
generally limited and may only be useful for
assessing for an associated osseous stalk arising
from the clivus or confirming smooth well-
defined bony margins. MR imaging is more helpful,
with EP typically appearing as a homogeneous, T1
hypointense, T2 hyperintense, well-
circumscribed, midline mass along the dorsal
wall of the clivus (Fig. 9).7>7">7"7® Given the
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Fig. 8. Left sphenoid body fibrous dysplasia. Axial T2W (A), T1W (B), and T1W contrast-enhanced (C) MR images
demonstrate a lobulated T2 heterogeneous, T1 hypointense, enhancing lesion in the left sphenoid body (arrows).
The MR imaging appearance mimics a malignant neoplasm. Axial (D) and coronal (E) CT images demonstrate an
expansile lesion with preservation of the cortices and internal ground-glass density (arrows) compatible with
fibrous dysplasia. Note the predominant lucent component, which can be seen with fibrous dysplasia.

location and signal characteristics of EP, it can be
mistaken for lesions such as chordoma, chondro-
sarcoma, or metastasis, but EP should not demon-
strate any aggressive, bony destructive features.
EP typically also does not demonstrate contrast
enhancement, whereas chordoma typically avidly
enhances.”?"577:78:8% Any bony destruction, inho-
mogeneous signal characteristics, loculations, or
contrast enhancement should raise suspicion for
a malignant pathology. There have been case re-
ports of enhancing EP and nonenhancing chor-
doma, however, so contrast enhancement
characteristics are not entirely reliable, and imag-
ing follow-up is generally recommended.”

Invasive and Ectopic Pituitary Adenoma

Pituitary adenomas are the most common lesions
found in the sella turcica and among the most
common primary brain tumors overall, accounting
for 10% to 15% of primary brain tumors.®”-88 Most
pituitary adenomas remain confined to the sellar
space, but large invasive pituitary adenomas
(IPA) may demonstrate extrasellar extension, often
extending into the suprasellar space or cavernous
sinuses.®9-°2 Uncommonly, large pituitary ade-
nomas can demonstrate infrasellar extension,

involving the clivus, sphenoid sinus, and even the
pharynx, petrosal sinus, jugular foramen, or hypo-
glossal canal.?”:8890.92-94 Giyen the location and
invasive features of the IPA, these lesions are
mistaken for more aggressive skull base neo-
plasms, such as chordoma, chondrosarcoma, me-
ningioma, astrocytoma, craniopharyngioma, or
metastases.?7:88:98

Pituitary adenomas may also rarely be ectopic in
location and can arise anywhere along the course
of Rathke pouch as it extends to the sella turcica in
utero.87:889596 They are most common in the
sphenoid sinus, although they are also seen in
the nasopharynx, cavernous sinus, and uncom-
monly in the clivus. When occurring in the skull
base or other ectopic locations, these can also
be mistaken for neoplasm.

On imaging, IPA typically demonstrates smooth
enlargement of the sella turcica and when invading
the cavernous sinus, it typically encases the
cavernous internal carotid artery (ICA) without
associated vascular narrowing (Fig. 10). Various
imaging features may help to differentiate pituitary
adenoma from malignant neoplasms, such as
lower T2 signal, more avid enhancement, and
lower apparent diffusion coefficient of IPA when
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Fig. 9. Ecchordosis physaliphora. Axial T2W (A) and T1W contrast-enhanced (B) MR images show a small, well-
circumscribed, nonenhancing lesion within the dorsal clivus extending into the prepontine cistern (arrows). Axial
CT image (C) in a different patient demonstrates a well-defined lobulated defect in the right aspect of the clivus
(solid arrow) with an osseous stalk extending posteriorly from the midline clivus (dashed arrow).

compared with chordoma and other malignant
processes.”® Atypical features for IPA, such as
enlargement of the pituitary stalk, rapid growth,
clival or sellar destruction, or luminal narrowing
of the ICA when cavernous sinus invasion is pre-
sent, should point away from IPA.°” Sellar enlarge-
ment occurs in nearly 100% of pituitary
macroadenomas, and although it is also seen in
nonadenomatous masses, its absence, or the
presence of erosion without enlargement, is sug-
gestive of other neoplasms.®®

Skull Base Osteomyelitis and Inflammatory
Processes

Given the complexity of the skull base and its sur-
rounding structures, there are a multitude of infec-
tious and inflammatory processes that can present
with confusing clinical and imaging characteris-
tics. For example, inflammatory pseudotumor
(IPT), granulomatosis with polyangiitis, sarcoid-
osis, IgG4-related sclerosing disease, osteomye-
litis, fungal sinusitis, and Langerhans cell
histiocytosis may all have varied and nonspecific
clinical and imaging findings, creating diagnostic

difficulty and often requiring biopsy to differentiate
them from chordoma, chondrosarcoma, nasopha-
ryngeal carcinoma, or metastases.®®

Skull base osteomyelitis (SBO) involving the cra-
nial vault or skull base is rare, with the incidence of
SBO higher in developing countries, thought likely
to be related to lower antibiotic use.'%%'°% Recent
history of an otogenic or sinonasal infection, fever,
or leukocytosis in at-risk elderly patients with dia-
betes or immunocompromised patients can help
suggest this diagnosis. 9% 191103 Symptoms, how-
ever, may be nonspecific, with an insidious and
delayed onset of symptoms, such as headache
and facial pain, with presentation starting many
weeks after resolution of an initial otogenic or sino-
nasal infection.’®=1% This can lead to delays in
diagnosis, and diagnosis might only be made after
onset of neurologic deficits from cranial nerve
involvement or compression, which carries a
worse prognosis. 02103

On imaging, SBO may appear as a soft tissue
mass with bone erosion or demineralization and
inflammatory changes on CT, although it is often
occult in its early stages. MR imaging is more

Fig. 10. Invasive pituitary adenoma. Sagittal (A) contrast-enhanced MR image demonstrates a heterogeneously
enhancing mass (arrow) in the central skull base with no identifiable separate pituitary tissue. Coronal
contrast-enhanced T1W (B) and T2W (C) MR images demonstrate invasion of the left cavernous sinus (solid arrow)
and encasement of the cavernous left ICA (dashed arrow), without associated vascular narrowing, characteristic
for a pituitary adenoma. Sagittal CT image (D) demonstrates smooth remodeling and expansion of the central
skull base by the adenoma (arrow).

\ 4 Sy
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useful for evaluating the extent of the disease,
appearing as an infiltrative, hypointense mass on
T1-weighted (T1W) images that demonstrates
contrast enhancement and surrounding inflamma-
tion (Fig. 11). It demonstrates variable signal inten-
sity on T2-weighted (T2W) images, with
hypointense signal thought to be related to the
chronicity of the inflammatory process and the de-
gree of fibrosis.'®>'%% SBO may demonstrate
reduced diffusion, particularly in areas of abscess
formation.'* Delayed diagnosis of SBO can also
lead to complications, such as intracranial spread,
arterial involvement and infarct, pseudoaneurysm,
and venous sinus thrombosis.'®" Biopsy is often
necessary to guide treatment, because SBO may
be treated with long-term antibiotics or conserva-
tive surgery, differing from inflammatory or malig-
nant processes.'%°

IPT, also known as plasma cell granuloma or
myofibroblastic pseudotumor, is a benign, inflam-
matory process demonstrating acute and chronic
inflammatory cells and fibrosis on histopatholo-
gy.'%>1% Many patients also exhibit elevated
serum lgG4 levels and IgG4-positive plasma cells
on pathology, suggesting that some IPT may
reflect a manifestation of IgG4-related sclerosing
disease.0%107.108 Although it most commonly oc-
curs in the orbit, it can involve other areas,
including the brain, cavernous sinus, naso-
pharynx, and skull base.'%®196.199 On MR imaging,
it appears as an infilirative enhancing mass;
marked T2 hypointensity is suggestive of IPT and
other chronic inflammatory processes. MR imag-
ing can help evaluate for cranial nerve compres-
sion or involvement, which can result in cranial
nerve palsies, pain, vision changes, or hearing
loss. %5110 |PT is generally treated with steroids
and/or radiation therapy.'%®

Granulomatosis with polyangiitis is an autoim-
mune vasculitis involving small and medium sized
vessels, characterized by necrotizing granuloma-
tous inflammation of the respiratory tracts and

necrotizing glomerulonephritis.”'! Although granu-
lomatosis with polyangiitis is thought of as a dis-
ease of the respiratory tracts and kidneys that
can spread systemically to involve any organ,
10% of patients present initially with isolated skull
base disease causing cranial neuropathies.’=113
It may appear as a diffuse, infiltrative enhancing
mass involving the skull base and surrounding
soft tissues; like IPT, marked T2W hypointensity
can suggest a chronic inflammatory process not
typically seen with neoplasm (Fig. 12). Clinical his-
tory, laboratory evaluation of serum antineutrophil
cytoplasmic antibodies, and possibly tissue sam-
pling are key for accurate diagnosis and appro-
priate treatment. Treatment may involve steroids
or cytotoxic agents.''2114

PETROUS APEX

The petrous apex is a small region of the skull base
with complex anatomy, lending itself to involve-
ment by a variety of different pathologies.'"®~"""
Petrous apex lesions are generally characterized
as operative (neoplastic or inflammatory) or
nonoperative (incidental), with most nonneoplastic
lesions occurring as a result of air cell disease,
such as cholesterol granuloma, cholesteatoma,
or mucocele."'® The petrous apex is difficult to
clinically evaluate because of its depth, thus imag-
ing is important for differentiation between opera-
tive and nonoperative lesions to guide
management.

Petrous Apex Cephalocele

Petrous apex cephalocele (PAC) is a rare congen-
ital or acquired lesion characterized by herniation
of dura mater or arachnoid from the posterolateral
portion of Meckel cave into the anterior petrous
apex.'">""7 It may reflect a meningocele or arach-
noid cyst. On CT, it appears as a homogeneously
hypoattenuating, fluid density, circumscribed,
well-corticated lesion extending from Meckel

- py ¢’

Fig. 11. Skull base osteomyelitis arising from sphenoid sinusitis. Axial T2W (A) and T1W (B) MR images show ill-
defined hypointensity within the clivus (arrows). Axial contrast-enhanced T1W MR image (C) shows enhancement
of the area and leptomeningeal enhancement and rim enhancement around an epidural abscess, reflecting intra-
cranial spread (dashed arrow). Apparent diffusion coefficient map (D) shows reduced diffusion within the

affected skull base and the epidural collection (arrow).
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A

Fig. 12. Skull base granulomatosis with polyangiitis. Axial contrast-enhanced T1W fat-saturated (A and B) and
T2W (C) MR images demonstrate ill-defined enhancement in the left greater than right parapharyngeal and ca-
rotid spaces (arrows), clivus, and surrounding soft tissues. Note the marked hypointense signal on T2W images

suggesting chronic inflammatory tissue.

cave and eroding into the anterior petrous
apex.'">""7 On MR imaging, it follows fluid signal
and can contain traversing trigeminal nerve fibers
(Figs. 13 and 14). They may have a mildly
enhancing thin wall, but they do not demonstrate
reduced diffusion. 5117

Most PACs are asymptomatic and incidentally
found, but when symptomatic they may present
with headache, CSF rhinorrhea, CSF leak, trigem-
inal neuralgia, or symptoms of intracranial hyper-
tension.’'5"7 They are usually unilateral, but can
be bilateral.®"'"®117 The exact cause of PAC is
not definitely known, but it may be caused by
altered CSF dynamics resulting in intracranial hy-
pertension, with herniation of the meninges into
the petrous apex occurring as a natural pathway
to alleviate pressure.”'®"17 This is supported by

the association of PAC with symptoms of intracra-
nial hypertension and with imaging evidence of
empty sella in up to 69%.""7

Asymmetric Pneumatization of the Petrous
Apex

Although most petrous apices are filled with
normal fatty marrow, they are pneumatized in up
to 35%.""811° Pneumatization of the petrous
apices is usually bilateral and symmetric but is
asymmetric in 4%."18120 When the petrous apices
are asymmetrically pneumatized, with one non-
pneumatized or underpneumatized, the normal
high signal of the marrow on T1W images of the
nonpneumatized petrous apex is mistaken for
cholesterol granulomas or misinterpreted as
enhancement.’'® It does, however, suppress on

Fig. 13. Left petrous apex cephalocele. Coronal (A) and sagittal (B) T2 SPACE MR images show a circumscribed left
petrous apex cephalocele extending from the posterior aspect of Meckel cave into the left petrous apex (white
arrows). There are traversing trigeminal nerve fibers extending into the cephalocele (black arrow).
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Fig. 14. Left petrous apex cephalocele. Axial (A) and coronal (B) T2 SPACE MR images demonstrate a homoge-
neous, well-circumscribed, lesion following CSF signal in the petrous apex and clivus (solid arrows), continuous
with the inferior aspect of the left Meckel cave (dashed arrows). This was initially misinterpreted as a skull

base neoplasm.

fat-suppressed imaging and it does not expand
the petrous apex or exhibit reduced diffu-
sion.'6:118.120 CT imaging can further elucidate
the diagnosis by demonstrating normal marrow
and cortex of the nonpneumatized petrous apex
(Fig. 15).

Petrous Apex Effusion

In addition to misinterpretation of the nonpneuma-
tized petrous apex, a fluid-filled pneumatized
petrous apex may also be mistaken for pathol-
ogies, such as petrous apicitis, congenital choles-
teatoma, cholesterol granuloma, or tumor. Petrous
apex effusions appear hyperintense on T2W im-
ages, with variable signal on T1W images thought
to be caused by variable amounts of protein con-
tent within the trapped fluid, with preservation of

the bony septations and cortex on CT
(Fig. 16).11%121.122 Cholesterol granulomas, in
contrast, present symptomatically with intrinsic
T1 hyperintensity on MR imaging and bony expan-
sion and loss of the normal osseous trabeculae/
septations on CT images (Fig. 17).17%122 Patients
with petrous apicitis also usually present symp-
tomatically, and imaging demonstrates surround-
ing inflammation, osseous erosions, and fluid
within the middle ear and mastoid air cells."'®

Petrous Internal Carotid Artery Aneurysm

Aneurysms of the extradural ICA are rare, and
aneurysms of the petrous segment of the extra-
dural ICA are extremely rare, usually found inci-
dentally.'?*-2” When patients are symptomatic
from petrous ICA aneurysms, they commonly

rated (B), and T2 SPACE (C) MR images demonstrate a well-circumscribed, T1 hyperintense, nonexpansile lesion
in the right petrous apex (arrows), which suppresses on the fat-saturated sequence. The T1 hyperintensity was
confused for a cholesterol granuloma. Axial CT image (D) demonstrates normal marrow characteristics in the
right petrous apex (arrow), appearing similar to the adjacent clivus, with preservation of the cortex, and a pneu-
matized left petrous apex.
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Fig. 16. Right petrous apex effusion. Axial (A) and coronal (B) T2W MR images show T2 hyperintense signal
within the right petrous apex (arrows). Axial TIW MR image (C) shows corresponding intermediate to hyperin-
tense signal (arrow). A follow-up axial CT image (D) shows a pneumatized right petrous apex with fluid, with
preservation of the septations and cortex. There are a few foci of antidependent air along the anterior portion

of the petrous apex (dashed arrow).

present with cranial nerve symptoms resulting
from mass effect of the aneurysm, but they
may also present with headache, Horner syn-
drome, pulsatile tinnitus, sensorineural hearing
loss, thromboembolic events, cavernous sinus
syndrome, or life-threatening otorrhagia or
epistaxis_‘l23—125,128—131

On CT, they appear as slightly hyperattenuating
masses expanding and scalloping the petrous
apex. They may also exhibit peripheral thrombus
or wall calcifications. On MR imaging, they may
exhibit a variety of appearances depending on
the presence of thrombus, slow flow, or turbulent
flow. If the aneurysm has a significant amount of

Fig. 17. Right petrous apex cholesterol granuloma. Axial T1W (A), contrast-enhanced fat-suppressed T1W (B), and
T2 SPACE (C) MR images demonstrate a well-circumscribed, homogeneous, intrinsically T1 hyperintense lesion in
the right petrous apex without obvious enhancement (arrow). Axial CT image (D) demonstrates a lucent, expan-
sile, well-circumscribed lesion (arrow) with loss of the central septations.
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Fig. 18. Right petrous ICA aneurysm. Axial noncontrast CT image (A) and axial (B) and coronal (C) maximum in-
tensity projection CT angiogram images demonstrate a hyperdense, well-circumscribed, homogeneous, arterially
enhancing saccular outpouching (arrows) arising from the petrous ICA and extending superiorly through a defect
in the petrous part of the temporal bone into the middle cranial fossa. (Courtesy of G. Moonis, MD, New York,

New York).

flow, they may demonstrate a flow void within the
central portion of the aneurysm. Turbulent flow
may appear as more heterogeneous, intermedi-
ate signal on T1W and T2W images, and slow
flow or thrombosis may appear as a soft tissue
mass and demonstrate homogeneous enhance-
ment."6:123.124 Gjven the varied imaging charac-
teristics, these can be mistaken for
chondrosarcoma, invasive meningioma, or me-
tastases. One clue to look for is the presence of
vascular pulsation artifacts propagating from the
aneurysm along the phase-encoding direction.
Care must be taken to prevent inadvertent bi-
opsies or resections of these aneurysms. CT
angiography, MR angiography, or conventional
angiogram should also be obtained to confirm
the diagnosis, evaluate the aneurysm neck, and
assess the context of the aneurysm with regards
to the parent vessel and adjacent neurovascular
structures for endovascular or surgical planning
(Fig. 18).

If left untreated, these aneurysm are associated
with a high rate of thromboembolic events, seen in
up to 50% of patients.’?® Because the petrous ICA
aneurysms are often completely enclosed by
bone, surgical access for ligation is difficult and
endovascular therapy is the preferred
approach. 23124126 Thjs is performed with a vari-
ety of techniques, such as flow-diverting stent
placement, coil embolization, or progressive flow
reduction.

SUMMARY

The skull base features complex anatomy, con-
taining many different tissue types, foramina, ca-
nals, and synchondroses, predisposing it to a
variety of anatomic variants and masses, benign
and malignant. Skull base lesions can demon-
strate a variety of confusing appearances on imag-
ing, creating diagnostic dilemmas. It is important

to be familiar with imaging appearances of com-
mon mimickers of malignant neoplasm in the skull
base to be able to accurately diagnose them and
prevent unnecessary imaging follow-up, biopsies,
or interventions.

CLINICS CARE POINTS

e Familiarity with the common normal variant
and benign lesions occurring in the skull
base may prevent confusion with more
sinister pathologies, reducing healthcare
waste and patient stress.

e Anatomic variants in the skull base are com-
mon, occurring along the course of the noto-
chord and craniopharyngeal canal.

o lll-defined hypointensity on T2 with surrounding
inflammatory changes can suggest skull base
osteomyelitis or chronic inflammatory process.

e Petrous internal carotid artery aneurysm is a
“must not miss” diagnosis with varied imag-
ing appearances on MRI depending on the
flow and amount of thrombus formation.

e Other benign mimics in the skull base have
characteristic appearances, including arrested
pneumatization of the sphenoid sinus, cepha-
locele, fibrous dysplasia, ecchordosis physali-
phora, and invasive pituitary adenoma.
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