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complexity of the skull base, the ability of normal
anatomical structures to mimic pathology and the
rarity of skull base lesions preventing dedicated
training throughout residency and even during fel-
lowship. In addition, inappropriate choice of an
imaging study, imaging parameters and/or sequences
may amplify the insecurity of the radiologist.

Recognition of anatomical mimics and of medi-
cally treatable conditions is essential as the majority
of skull base lesions are inaccessible for biopsy. The
biopsy route may extend through normal pertinent
anatomical structures, such as inner ear in case of a
petrous apex lesion, or may need to be performed
through the intracranium. Differentiation of malignant
from benign lesions is also critical as a different
surgical intervention may apply, the lesion might be
vascular in nature preventing a biopsy, or occasion-
ally treatment might be conducted without a tissue
diagnosis, e.g. radiation therapy in case of paragan-
gliomas. In addition, determination of the exact origin
and extent of a lesion is crucial for radiation therapy
and even more for surgical planning purposes. All
these points will be addressed in this chapter.

2 Anatomy

The anatomy of the skull base is very complex; not
only do the bony structures play an important role but
also the cranial nerves and vasculature coursing
through it. Knowledge of the location of the different
neural and vascular foramina and channels, as well as
of the different neuronal connections, can therefore
explain the wide range of clinical symptoms and
facilitate the detection of extracranial tumor spread.

The skull base is formed by the ethmoid, sphenoid,
occipital, frontal and temporal bones. It is divided into
three regions: anterior, central and posterior skull
base. Only the central and the posterior skull base will
be discussed in this chapter as the anterior skull base
is included in “Neoplasms of the Sinonasal Cavities”.
The distinction of the central to posterior skull base is
ambiguous as the roof of the petrous apex represents
part of the central skull base, while the posterior
margin borders the posterior skull base. Since the
majority of the malignant petrous apex lesions are
surgically approached from the posterior fossa, the
petrous apex will be included in the posterior skull
base in the subsequent discussion.

2.1 Central Skull Base

The sphenoid bone forms the middle portion of the
central skull base. It is subdivided into the central
sphenoid body housing the sella and the sphenoid
sinuses, the greater sphenoid wings forming the
boundary to the anterior skull base, the lesser sphe-
noid wings and the pterygoid processes that are pro-
truding below the skull base and serve as attachments
for the medial and lateral pterygoid muscles. Parts of
the temporal bones compose the lateral portions of the
central skull base and are formed by the mastoid,
tympanic, petrous and squamous bones. The greater
sphenoid wing is connected via the sphenosquamous
suture and the petrosphenoidal fissure with the squa-
mous and petrous portions of the temporal bone,
respectively. The anterior portion of the squamous
bone creates the lateral border of the central skull
base while the petrous bone together with the clivus
form the anterior boundary of the posterior skull base.
The petrous bone and the clivus are separated by the
petro-occipital fissure.

The central skull base represents the floor of the
middle cranial fossa which is primarily filled with the
temporal lobes laterally and the cavernous sinuses
medially. The cavernous sinuses are located between
the dura and the periostium of the body of the sphe-
noid bone and between the superior orbital fissure
anteriorly and the petrous apex posteriorly. Each
cavernous sinus contains a complex venous plexus
surrounding the internal carotid artery and the cranial
nerve VI. The cranial nerve VI enters the cavernous
sinus through a small bony channel within the medial
petrous apex called Dorello’s canal. The cranial
nerves III-V are actually located within the dural
leaflet that form the lateral boundary of the cavernous
sinus rather than within the cavernous sinus itself.
These cranial nerves and the internal carotid artery
exit the intracranium through different foramina
located within the central skull base.

The superior orbital fissure and the optic canal are
the most anterior openings of the central skull base.
The optic nerve, optic nerve sheath and the ophthal-
mic artery course through the optic canal. The cranial
nerves III, IV and VI as well as the lacrimal, frontal
and nasociliary branches of the first division of the
trigeminal nerve (V1) exit the cavernous sinus into
the orbital apex through the superior orbital fissure.
The foramen rotundum is located just inferior to the
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Fig. 1 Coronal CT image displayed in bone window demon-
strating the relationship between the foramen rotundum
(arrows) and vidian canal (arrowheads) to each other and the
sphenoid sinus (s) within the central skull base

Fig. 2 Axial CT image displayed in bone window illustrates
the communication of the foramen rotundum (arrow) with the
pterygopalatine fossa (arrowhead) located immediately poster-
ior to the maxillary sinus (m). s, Sphenoid sinus

superior orbital fissure and houses the second division
of the trigeminal nerve (V2) (Fig. 1). The foramen
rotundum communicates anteriorly with the pteryg-
opalatine fossa where a few ganglionic branches leave
V2 to travel to the pterygopalatine ganglion (Fig. 2;
Moore et al. 1999). V2 gives off the zygomatic and
the posterior superior alveolar nerves and then con-
tinues anteriorly as the infraorbital nerve within the

Fig. 3 Axial CT image of the central skull base displayed in
bone window shows the larger foramen ovale (black arrows) on
each side and the smaller foramen spinosum (black arrow-
heads) posterior lateral to it. Both assume an oval shape. The
white arrowheads demarcate the vidian canal that extends from
the pterygopalatine fossa (white arrows) to the foramen
lacerum within the petrous apex (not demonstrated at this
level). s Sphenoid sinus

infraorbital canal. The third division of the trigeminal
nerve (V3) courses through the central skull base
within the foramen ovale situated posterior and lateral
to the foramen rotundum (Fig. 3). V3 travels inferi-
orly to enter the masticator space. Just superomedial
to the foramen ovale is a groove within the central
skull base, located immediately posterior to the
cavernous sinus, containing the Meckel’s cave. The
Meckel’s cave houses the trigeminal ganglion antero-
inferiorly, where the three divisions of the trigeminal
nerve are merging together, and the trigeminal cistern
(Kaufman and Bellon 1973; Williams et al. 2003). The
trigeminal ganglion gives rise to multiple individual
rootlets that course superiorly through the trigeminal
cistern. The individual rootlets give the trigeminal
cistern a speckled appearance on coronal high resolu-
tion images before they merge together to form the
main trunk of the trigeminal nerve just posterior to the
trigeminal cistern.

The foramen spinosum and the lacerum portion of
the carotid canal are the most posterior foramina of
the central skull base. The foramen spinosum is
located just posterolateral to the foramen ovale and
contains the middle meningeal artery, a distal branch
of the external carotid artery, and the meningeal
branch of the facial nerve (Fig. 3). The middle men-
ingeal artery branches off into multiple small vessels
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Fig. 4 Axial CT image displayed in bone window illustrates
the close relationship between the clivus (c¢) centrally and the
internal carotid artery canal within the petrous apex laterally
(arrows). The Eustachian tube courses parallel to the internal
carotid artery canal through the petrous bone (black arrow-
heads). The white arrowheads demarcate the Eustachian tube
openings within the middle ear cavities

intracranially that form grooves within the superior
surface of the central skull base and along the inner
table of the frontal and anterior parietal skull. The
lacerum portion of the carotid canal is located more
medially within the body of the sphenoid bone, at the
junction of the petrous apex and clivus (Tauber et al.
1999). It represents the exit site of the internal carotid
artery from the carotid canal within the petrous por-
tion of the temporal bone (Fig. 4). The internal car-
otid artery continues superiorly as the carotid siphon
to lie within a sigmoid-shaped groove along the
sphenoid bone within the cavernous sinus. The
internal carotid artery exits the cavernous sinus
medial to the anterior clinoid process. The vidian
canal courses inferior to the carotid siphon within the
sphenoid bone forming a direct communication
between lacerum portion of the carotid canal and the
pterygopalatine fossa (Fig. 3; Chong and Fan 1998).
It contains the vidian nerve that is composed of pre-
ganglionic parasympathetic fibers of the greater
superficial petrosal nerve, the postganglionic sympa-
thetic fibers of the deep petrosal nerve and sensory
fibers from the cranial nerve VIIL.

2.2 Posterior Skull Base

The posterior skull base is shaped like a cup. The
clivus and the petrous apex create the anterior
boundary while the occipital bone forms the posterior
and inferior borders of the posterior skull base.

The lateral boundary of the posterior skull base is
established by the occipital bone posteriorly and the
mastoid and petrous portions of the temporal bone
superoanteriorly and inferoanteriorly, respectively.
The occipitomastoid suture connects the occipital
bone with the mastoid portion of the temporal bone.
The different anatomical structures of the posterior
fossa create numerous grooves, crests and foramina
within the posterior skull base.

The cerebellar hemispheres cause two indentations
along the posterior surface of the posterior skull base
with a midline internal occipital crest in between. The
occipital crest provides the attachment for the falx
cerebelli and extends from the foramen magnum to
the internal occipital protuberance. One vertical and
two horizontal grooves extend superiorly and laterally
from the internal occipital protuberance housing the
superior sagittal sinus and the transverse sinuses,
respectively. The horizontal grooves are extending
anteroinferiorly to continue as the sigmoid sulci that
contain the sigmoid sinus on each side. The sigmoid
sinus subsequently enters the jugular foramen and
continues through the skull base into the neck as the
internal jugular vein.

The jugular foramen and the foramen magnum are
the largest openings of the posterior skull base. The
jugular foramen lies at the posterior end of the pet-
rooccipital fissure and is bordered by the petrous bone
of the temporal bone anteriorly and the occipital bone
posteriorly. It is partially subdivided by the jugular
spine into two compartments: the pars venosa and the
pars nervosa (Fig. 5; Inserra et al. 2004; Sen et al.
2001). Only occasionally the bony jugular spine
continues as a fibrous or osseous septum posteriorly to
completely separate these two compartments. The
pars venosa lies posterolateral and contains the
internal jugular bulb laterally and the cranial nerves X
and XI medially (Fig. 5). The pars nervosa is located
anteromedially and contains the cranial nerve IX
medially and often the inferior petrosal sinus laterally
(Fig. 5). The internal carotid artery enters the skull
base anterior to the jugular foramen (Fig. 5). There-
fore, all three of these cranial nerves lie between the
internal jugular vein and the internal carotid artery
below the skull base, with the cranial nerve IX being
the most anterolateral and the cranial nerve XI the
most posteromedial in position.

The cranial nerve XI is very unique as it extends
through the posterior skull base twice. Once to exit
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Fig. 5 Axial CT image of the right jugular fossa displayed in
bone window shows the jugular spine (arrow) dividing the
jugular foramen into the pars venosa (pv) laterally and pars
nervosa (pn) medially. The internal carotid artery (c) lies
anterior to the pars venosa (pv)

clivus

Fig. 6 Axial T2-weighted image through the lower clivus
demonstrates the oblique course of the hypoglossal canal
(arrows) along the lateral edge of the clivus on each side. The
exit of the hypoglossal canal (arrows) is in close proximity to
the internal carotid artery (c)

the skull base through the jugular foramen as men-
tioned above and once to enter the posterior cranial
fossa through the foramen magnum as parts of its
fibers originate from the cervical spinal cord. The
remaining cranial nerve XI fibers originate from the
medulla oblongata and merge with the cervical spinal
cord fibers at the foramen of magnum. The cranial
nerves XI lie posterior to the vertebral arteries that
ascend from cervical to intracranial through the
foramen mangum. The vertebral arteries give rise to
the posterior cerebellar arteries that course postero-
inferiorly to supply the inferior cerebellar hemi-
spheres. In turn, the paired posterior spinal arteries
arise either from the intracranial portion of the ver-
tebral arteries or occasionally from the posterior
cerebellar arteries and continue inferiorly through the
foramen magnum to supply the spinal cord.

The posterior skull base has few additional, smaller
openings. The porus acusticus is the medial opening of
the internal auditory canal along the posterior surface of
the petrous bone. It contains the cranial nerves VII
and VIII as well as branches of the anterior inferior
cerebellar artery that supply the inner ear. Inferior
and posterior to it are the openings of the cochlear
and vestibular aqueducts, respectively. The vestibular
aqueduct courses almost parallel to the posterior mar-
gin of the petrous bone between the vestibule and the
intracranium and contains the endolymphatic duct.
In contrast, the cochlear aqueduct runs almost parallel
to the internal auditory canal between the basal turn of
the cochlea and the intracranium within the inferior
aspect of the petrous bone and transmits the perilym-
phatic duct (Mukherji et al. 1998). Even more inferiorly
within the petrous bone is the hypoglossal foramen
located just inferomedial to the jugular foramen
(Fig. 6). It contains the cranial nerve XII, the hypo-
glossal venous plexus and a meningeal branch of the
ascending pharyngeal artery. Below the skull base,
the cranial nerve XII continues inferiorly between the
internal carotid artery and the internal jugular vein.

3 Clinical Presentation

Only few skull base lesions present with specific,
disease-related symptoms that significantly help to
narrow the differential diagnosis. The Gradenigo’s
triad represents one of them and is characterized by
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Table 1 Clinical symptoms of cranial nerve palsies

Cranial nerve Symptoms
Cranial nerve III (oculomotor nerve)
medially
Ptosis

Diplopia due to inability to move the ipsilateral eye superiorly, inferiorly and

Fixed and dilated pupil

Cranial nerve IV (trochlear nerve)

Cranial nerve V (trigeminal nerve)

Dilopia due to inability to move the ipsilateral eye inferiormedial

Loss of sensation or dysaesthesia in the ipsilateral face

Ipsilateral loss of jaw clenching and side to side movement

Cranial nerve VI (abducens nerve)

Cranial nerve VII (facial nerve)

Diplopia due to inability to move the ipsilateral eye laterally

Loss of taste in the anterior 2/3 of the tongue

Ipsilateral facial drop

Cranial nerve VIII (vestibulocochlear

nerve) Dizziness

Cranial nerve IX (glossopharyngeal
nerve)

Cranial nerve X (vagus nerve)

Ipsilateral sensorineural hearing loss

Loss of oropharyngeal sensation
Loss of taste and sensation to the posterior 1/3 of tongue

Nasal speech due to ipsilateral palatal weakness

Hoarseness due to ipsilateral vocal cord paralysis

Cranial nerve XI (spinal accessory nerve)

Cranial nerve XII (hypoglossal nerve)

Weakness and wasting of the ipsilateral sternocleidomastoid and trapezius muscles

Wasting and fasciculation of the tongue

Tongue tip deviation to paralyzed side on protrusion

ipsilateral cranial nerve VI paralysis, severe facial
pain in V1 distribution and inflammatory disease of
the middle ear and/or mastoid air cells (Gradenigo
1904). As the triad indicates, this symptom complex
has been associated with extensive acute inflamma-
tory disease of the ear. However, less than 50% of the
patients present with all three of these symptoms. In
particular, cranial nerve VI palsy has been described
as the least reliable clinical sign of the triad making
distinction to other skull base entities more difficult
(Price and Fayad 2002). Hence, the majority of
patients with skull base pathology present with non-
specific neurological symptoms related to the mass
effect caused by the lesion. These symptoms can be
related to cranial nerve dysfunction, vascular com-
promise or direct compression of the brain or orbital
structures. The clinical symptoms of cranial nerve
palsies are summarized in Table 1.

4 Normal Anatomical Variations

Normal anatomical variations are asymptomatic and
typically discovered incidentally in patients that seek
medical attention for an unrelated reason (Schmalfuss
and Camp 2008). Asymmetric aeration of the petrous
apex is the most common entity that is mistaken for a

petrous apex mass, in particular on MR imaging
(Fig. 7). CT certainly is easier to interpret in this regard,
however, close attention to the imaging characteristics
can facilitate the correct diagnosis on MR images as
well. In particular, lack of mass effect and increased T'1
signal intensity of the fatty bone marrow within the
unaerated petrous apex is characteristic (Fig. 7a).
Asymmetric accumulation of fluid within the petrous
apex air cells will show intermediate T1 and high T2
signal intensity and may be mistaken for a chondrosa-
roma; however, the lack of mass effect and of contrast
enhancement as well as often accompanied fluid within
the middle ear cavity and/or mastoid air cells should
question such a diagnosis (Schmalfuss 2009).

A high riding jugular bulb or a jugular bulb
diverticulum might be mistaken for a mass within the
jugular foramen. Close evaluation of all images in the
different planes and on the various sequences typi-
cally reveals inconsistency of the flow pattern, with
the classic flow void seen in at least one plane or on
one sequence in such cases.

Mottled fatty replacement of the bone marrow may
mimic a diffuse infiltrative process of the skull
base that might be impossible to distinguish from
lymphoma, leukemia, multiple myeloma or diffuse
metastatic disease. Correlation to clinical symptoms,
age, gender and history of an underlying malignancy
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Fig. 7 Axial non-contrast enhanced T1- (a) and T2-weighted
(b) images demonstrate increased signal intensity within the
right petrous apex (arrows in a and b) that is often mistaken
for a small cholesterol granuloma. The axial CT image
displayed in bone window however, reveals the true nature of
this “lesion” as it shows preserved diploic trabeculations within

might help to develop a risk profile that does or does
not warrant further evaluation with bone scan, bone
marrow biopsy or cross-sectional follow up.

5 Pathology

The skull base is composed of different tissue com-
ponents and houses a variety of structures that can
serve as the origin of skull base masses. Therefore,
the spectrum of possible skull base abnormalities is
very broad. Skull base lesions overall are rare, with
metastatic disease and lymphoma, accounting for
most of the lesions. Primary malignancies of the skull
base are even more scarce but can be mistaken for
benign lesions, and vice versa, creating a diagnostic
dilemma. In addition, some of the benign entities
show an aggressive growth pattern that might require
more aggressive treatment. Therefore, the discussion
of pathology of the skull base will also include benign
entities that can be mistaken for, or that need to be
treated more like a malignant lesion.

Skull base lesions can be divided into two broad
categories: diffuse or localized abnormalities. Diffuse
involvement of the skull base may manifest as diffuse
replacement of the bone marrow or as multi-focal
lesions. Localized lesions in turn can be subdivided into
region specific and region-non-specific entities. This

the non-aerated petrous apex (arrows in ¢) when compared
to the aerated petrous apex on the left (arrowheads in c).
The non-aerated petrous apex is increased in T1 signal intensity
(arrows in a and b) in this patient due to fatty bone marrow but
may also assume lower intensity when red bone marrow is
present in this location, e.g. in young patients

approach in evaluation of skull base abnormalities is an
important starting point. The exact location of the lesion
together with its imaging characteristics, patient’s
demographics and clinical presentation might then fur-
ther narrow the differential diagnostic considerations.

5.1 Malignant Lesions Causing
Diffuse or Multi-focal Skull

Base Involvement

Multiple myeloma, lymphoma, leukemia and meta-
static disease are the main malignant entities able to
cause diffuse replacement of the bone marrow or multi-
focal involvement of the skull base (Figs. 8, 9). Often,
the skull and the visualized portions of the cervical
spine are also affected (Fig. 8a). Although any primary
cancer can metastatize to the skull base, prostate, lung
and breast cancer outnumber the other malignancies
(Laigle-Dondey et al. 2005; Layer et al. 1999).

5.2 Mimics of Malignant Lesions Causing
Diffuse or Multi-focal Skull Base

Involvement

Diffuse replacement of the fatty bone marrow by
red bone marrow due to chronic anemia may mimic
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Fig. 8 Sagittal, non-contrast enhanced TI-weighted image
(a) demonstrates completely replaced fatty bone marrow by
diffuse metastatic disease in the majority of the skull (large
arrowheads in a) and cervical spine (large arrows in a) while
the bone marrow of the frontal skull is more mottled in
appearance (small arrows in a) that is consistent with less
extensive involvement. In addition, there is lack of fatty bone

diffuse infiltration of the skull base by an underlying
malignant entity. MR imaging findings are often not
helpful as both entities result in decreased intensity of
the bone marrow on TI1- and fast spin-echo T2
weighted images and show enhancement following
intravenous contrast administration (Laigle-Dondey
et al. 2005; Yildrim et al. 2005; Loevner et al. 2002).
CT may or may not provide additional clues as not all
patients with multiple myeloma, lymphoma, leukemia
or metastatic disease show bony destruction within
the diploic space or early erosions of the inner and/or
outer table. Therefore, clinical history and laboratory
results might provide the most helpful information in
some patients. Bone marrow expansion can also occur
and mimic diffuse malignant involvement of the skull
base and skull. It is usually seen with severe anemia
such as hemolytic anemia or thalassemia (Yildrim
et al. 2005; Tunaci et al. 1999). MR might deliver
ambiguous results but CT usually solves the dilemma
as the bone thickening caused by the bone marrow
expansion is disproportionate to the preserved diploic
trabecula and the intactness of the inner and outer
tables of the skull (Fig. 10). Sites of extrapoetic bone
marrow, such as within the paranasal sinuses, might
occasionally also be seen, supporting the benign

marrow within the clivus (small arrowheads in a) due to
involvement by metastatic disease. The extent of the skull base
metastasis is markedly better seen on the axial, contrast
enhanced T1-weighted image (b) showing posterior bulging
of the clivus (arrowheads in b), extension into the petrous apex
bilaterally (black arrows in b), into the cavernous sinuses
(white arrows in b) and into the sphenoid sinuses (s in b)

nature of the bone marrow expansion (Tunaci et al.
1999; Joseph et al. 2004).

Gorham, or vanishing bone disease, is an extre-
mely rare bone disorder that can occur at any age and
affects both genders equally. This disease is charac-
terized by osteolysis of unknown etiology associated
with angiomatous proliferation within the bone or
adjacent soft tissues (Gorham et al. 1954). It can
manifest as single or multiple lytic lesions involving
any bone, but the calvarium and the mandible are
most commonly affected (Fig. 11). Since it is such a
rare entity, metastatic disease or multiple myeloma is
by far the most common cause of multiple lytic bony
lesions.

5.3 Non-region Specific, Localized

Malignant Skull Base Lesions

All malignancies that can cause diffuse or multi-focal
involvement of the skull base (metastatic disease,
lymphoma, leukemia and plasmocytoma) as well as
different sarcomas can present as localized lesions
anywhere in the skull base. These might be difficult to
distinguish from each other without further clinical
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Fig. 9 Axial, contrast enhanced T1-weighted image through
the upper orbit level shows replacement of the fatty bone
marrow with associated bony expansion in the greater sphenoid
wings bilaterally (black arrows), clivus (black arrowhead),
petrous apices (white arrows) and in the occipital skull
(white arrowheads) related to multiple myeloma

Fig. 10 Axial CT displayed in bone window demonstrates
marked expansion of the greater sphenoid wings (arrows) that
is also more cystic in appearance within the body of the
sphenoid bone on the right (arrowhead). Thalassemia is the
underlying cause of bony expansion in this patient

information. In general, metastatic disease is more
aggressive in appearance and causes frank bone
destruction even in early stages, while localized
lymphoma and leukemia (often referred to as chlo-
roma) show more permeative growth pattern with
preservation of the diploic trabecula and of the cortical
bony margins even with large tumors (Figs. 12, 13).
In addition, it has been reported that highly cellular
tumors with small extracellular compartment, such as
lymphoma, leukemia and Ewing’ sarcoma, often
demonstrate pronounced restricted diffusion on the
diffusion weighted images (DWI), with increased sig-
nal intensity on the DWI and reduced signal intensity
on the apparent diffusion coefficient (ADC) maps (Guo
et al. 2002; Mascalchi et al. 2005). In contrast, meta-
static disease shows markedly less frequently restricted
diffusion. Therefore, DWI might be a useful tool in
narrowing the differential diagnostic possibilities
in patients with inconclusive conventional MR and
clinical findings.

Ewing’s sarcoma is a rare and highly malignant
neoplasm of the bone arising from the primitive
neuroectoderm (Rueda-Franco and Lopez-Correla
1995; Kozlowski et al. 1991). It most commonly
involves the long bones, pelvis, ribs and only very
rarely the skull base and vault. It typically occurs in
children between 5 and 13 years of age. Neurologi-
cal deficits are the leading clinical symptoms caused
by the mass effect from the tumor. Aggressive che-
motherapy is the primary and usually successful
treatment choice for Ewing’s sarcoma, while surgery
is reserved for cranial nerve decompression and
radiation therapy for tumors unresponsive to che-
motherapy (Carlotti et al. 1999). On imaging,
Ewing’s sarcoma presents as an osteolytic lesion
causing erosions of the inner and/or outer table in
association with an extracranial soft tissue mass of
variable size and a significant epidural component
causing local mass effect upon the adjacent brain
parenchyma. The epidural component of the tumor
rarely invades the dura or the brain parenchyma.
On CT, the tumor itself is usually iso- to hyperdense
and shows heterogeneous enhancement following
intravenous contrast administration. MR is superior
in delineation of the epidural component to adjacent
dura and brain parenchyma. In addition, the restric-
ted diffusion seen on the DWI part of the study
might provide useful hints to the nature of the mass
(Guo et al. 2002; Mascalchi et al. 2005).
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Fig. 11 Axial CT images
displayed in bone window
through the central skull base
(a) and skull (b) show
multiple small pounched out
skull base (arrows in a) and
numerous skull lesions caused
by Gorham’s disease

Fig. 12 Axial CT image displayed in bone window shows
destruction of the sphenoid body (arrowheads) and clivus
(arrow) caused by an aggressive skull base metastasis

Osteosarcoma is the second most common primary
bone tumor after multiple myeloma of the skeleton. It
typically arises from the metaphysis of the long
bones, especially of the femur and proximal tibia. It
only very rarely involves the skull and skull base.
Secondary osteosarcomas are also rare and usually
occur in the setting of previous radiation therapy or
arise from benign lesions with malignant potential
such as Paget’s disease, multiple osteochondromato-
sis and chronic osteomyelitis (Salvati et al. 1993;
Shinoda et al. 1993). The imaging characteristics

depend on the type of the osteosarcoma. While par-
osteal osteosarcoma is limited to the outer table, the
other types of osteosarcomas show inner and outer
table involvement with associated involvement of the
subdural space and brain parenchyma in approxi-
mately 40% of cases (Garland 1945). The degree of
intracranial involvement is inversely related to
patient’s prognosis (Whitehead et al. 1998). Small
fluid—fluid levels may be seen in cases of telangiec-
tatic osteosarcoma. Radical surgical excision is the
treatment of choice which is usually not feasible in
the skull base. Therefore, patients with skull base
osteosarcomas carry a worse prognosis than patients
with osteosarcomas of other parts of the skeleton.

5.4  Mimics of Non-region Specific,
Localized Malignant Skull

Base Lesions

Fibrous dysplasia of the skull base is relatively
common and is a developmental anomaly of the bone
forming mesenchyma in which the transformation of
woven to lamellar bone is disturbed. This causes an
arbitrary arrangement of the bony trabeculae that are
embedded in an overgrowth of a well-vascularized
fibrous stroma. It represents a benign lesion, with
extremely low potential for malignant transformation
that usually occurs secondary to radiation therapy
(Utz et al. 1989). Fibrous dysplasia is often mistaken
for a skull base tumor as it can assume any appear-
ance on MR imaging (Fig. 14; Chong and Fan 1998;
Utz et al. 1989). It may show low intensity on all
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Fig. 13 Axial CT image displayed in bone window (a) dem-
onstrates normal appearance of the greater sphenoid wings
bilaterally. On the non-contrast enhanced T1-weighted image
(b) diffuse infiltration of the bone marrow within the right
greater sphenoid wing (white arrow in b) is noted when
compared to its normal appearance on the left (black arrow in
b) that is obscured on the post-contrast enhanced T1 weighted
image (c). Also notice that the posterior cortex of the greater

sequences reflecting the high degree of mineralization
but can also demonstrate any other combination of
signal intensities on the various sequences, without or
with mild to extensive enhancement, reflecting the
different degrees of fibrous and cystic components.
In contrast, plain radiographs and CT show charac-
teristic imaging features with bone marrow expan-
sion, “ground-glass” appearance and preservation of
the adjacent cortex (Fig. 14d). Occasionally, fibrous
dysplasia presents as a lytic lesion. It is usually uni-
lateral and monostotic in nature. It can occur any-
where in the skull but prefers the anterior and central
skull base. It spares the membranous labyrinth, facial
nerve canal and the internal auditory canal. Clinically,
it is silent in the majority of cases and is usually
incidentally found on imaging. The symptomatic
patients seek medical attention because of cosmeti-
cally undesirable skull and/or facial deformities,
or neurological symptoms caused by narrowing of the
skull base neural foramina and subsequent cranial
nerve compression that may benefit from decom-
pressive surgery.

Langerhans cell histiocytosis is a group of idio-
pathic neoplasms characterized by proliferation of
mature eosinophilic and specialized bone marrow-
derived Langerhans cells. Three major types have
been described based on clinical course: acute, ful-
minant, disseminated form (Letterer—Siwe disease),
intermediate form (Hand-Schiiller—Christian disease)

sphenoid wing on the left is markedly thicker in appearance
(black arrowheads in b) than on the right (white arrowheads in
b). The contrast-enhanced T1 weighted image (c) also shows
the gross extension of the greater sphenoid wing mass into the
middle cranial fossa and the brain invasion (arrows in ¢). The
discrepancy of the imaging findings between CT and MR in
regard to bone involvement is characteristic of lymphoma—the
diagnosis in this patient

and indolent/chronic form (eosinophilic granuloma)
(Satter and High 2008). Eosinophilic granuloma rep-
resents the localized form of Langerhans cell histo-
cytosis and is the variety most commonly seen by
radiologists. It typically occurs in children between 5
and 15 years of age (Howarth et al. 1999). The lesions
are usually asymptomatic but may manifest with bone
pain, palpable soft tissue mass or symptoms related to
mass effect such as proptosis or cranial nerve neur-
opathies (Miller et al. 1978). Usually eosinophilic
granuloma presents as unifocal bony lesions, typically
involving the frontal and temporal bones (DiNardo
and Wetmore 1989). On imaging, eosinophilic gran-
uloma presents as a radiolucent, round to oval punch-
out bony defect without sclerosis of its margins, with
an enhancing soft tissue mass within the bony defect.
Hand-Schiiller—Christian disease is a chronic, sys-
temic and multi-focal variant of Langerhans cell
histiocytosis with peak onset between 2 and 10 years
of age. These patients typically present with diabetes
insipidus, exophthalmos, chronic otorrhea and hearing
loss related to multi-focal and/or bilateral skull and
skull base involvement. Other organs (lymph nodes in
50%, liver in 20%, spleen in 30%) and skin may also
be involved (Howarth et al. 1999). Letterer-Siwe
disease is a diffuse, systemic and most severe form of
Langerhans cell histocytosis. It presents in children
less than 2 years of age with skin eruption, anemia
and hepatosplenomegaly. It is universally fatal within
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Fig. 14 Sagittal T1-weighted image through the head (a) dem-
onstrates markedly abnormal bone marrow signal within the
clivus (m in a) with disruption of the posterior cortex and
extension into the posterior fossa (arrows in a) that is concerning
for metastatic disease. The axial T1- (b) and T2-weighted
(c) images through the mid clivus reveal that the lesion

few years. While solitary bone lesions are treated
locally with curettage or excision, systemic chemo-
therapy and/or bone marrow transplantation is indi-
cated in the systemic forms of the disease (Howarth
et al. 1999).

Dermoid tumors are uncommon lesions and rep-
resent inclusion cysts rather than true neoplasms.
They derive from misplaced ectodermal elements

(m in b and c) is rather markedly expansile than destructive in
nature and of very low signal intensity on the T2-weighted
images (m in b) suggesting a benign fibrous tumor. The benign
nature of the lesion was confirmed with CT (d) that better
illustrates the expansile growth pattern and underlying ground-
glass opacification characteristic for fibrous dysplasia

during the process of neural tube closure. The tumors
are usually well-defined and multi-lobulated in
appearance. They have an outer connective tissue
capsule lined with stratified squamous epithelium and
contain hair follicles, different glands, desquamated
epithelial keratin and most importantly some lipid
material. This composition influences the heteroge-
neous appearance of these tumors on imaging.
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Fig. 15 Axial CT image (a) at the level of the sphenoid sinus
incidentially discovered a destructive lesion (m in a) in the left
petrous apex causing obstructive changes in the mastoid air
cells (arrows in a) and complete opacification of the middle ear
cavity (arrowhead in a) that could be related to direct
involvement or obstructive changes. The axial T1-weighted
image (b) reveals that the lesion (m in b) is completely
surrounding the internal carotid artery (dotted line in b) within
the petrous canal while the T2-weighted image (c) is better able

Nevertheless, these tumors typically contain various
amounts of lipid material visible on imaging as very
low density on CT images and high signal intensity on
T1-weighted images, facilitating the correct diagnosis

to demarcate the boundary (arrows in ¢) between lesion (m in
¢) and obstructive changes within the middle ear cavity. The
Gadolinium enhanced, coronal T1-weighted image (d) shows
the superior extension of the lesion (m in d) with thick plate-
like involvement of the dura (black arrowheads in d) and early
invagination into the sulci of the inferior temporal lobe (arrow
in d) when compared to their normal appearance on the right
(white arrowhead in d). Biopsy revealed inflammatory pseu-
dotumor rather than the initially suspected metastatic lesion

(Smirniotopoulos and Chiechi 1995; Gormley et al.
1994). Contrast enhancement is uncommon. Dermoid
tumors involving the central nerves system typically
present as a midline intracranial mass. Skull, skull
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Fig. 16 Contrast enhanced, sagittal multi-planar CT reforma-
tion displayed in soft tissue window illustrates a large central
skull base mass with gross invasion of the sphenoid sinus (s). In
addition, the clivus (c¢) is almost completely involved by this
mass that also bulges posteriorly into the prepontine cistern
(white arrowheads) where it flattens the pons (p). The sella
(black arrowhead) is also involved without significant supra-
sellar component. This represented an invasive pituitary gland
adenoma. Notice the discrepancy between the suprasellar and
the intraclival component that is more characteristic of
aggressive pituitary gland tumor variants

base and orbit represent the most common extra-
cranial locations of dermoid tumors in the head and
neck region (Cummings et al. 2004). Complete
surgical excision is the standard treatment. Resect-
ability, however, depends upon the location of the
tumor, e.g. encroachment upon vasculature and
nerves.

Inflammatory pseudotumors of the skull base are
rare. They represent idiopathic, non-neoplastic lesions
that typically show locally aggressive behavior and
marked enhancement mimicking malignant skull base
neoplasm (Fig. 15; Garg et al. 2010). No specific
imaging features have been reported and therefore,
the diagnosis can only be made by biopsy and/or
resection. Proliferation of the fibroblasts with inter-
mixed inflammatory cells is seen on pathological
evaluation. Surgical resection and/or corticosteroid
administration are usually the treatment option of first
choice, with radiation therapy reserved for recurrent
disease (Williamson et al. 2003).

5.5 Malignant Central Skull

Base Lesions

Invasive and malignant pituitary gland tumors are rare
and represent a continuum of disease, as pituitary
carcinomas usually occur in the setting of pre-existing
invasive pituitary gland tumors (Ragel and Couldwell
2004). Both show locally aggressive growth pattern
with tendency for early skull base invasion, in con-
trast to the slowly growing benign pituitary gland
tumors that like to decompress into the suprasellar
cistern (Fig. 16). Distinct immunohistochemical
markers (interleukin 6 and heat shock protein 27) that
have been found to be elevated in invasive types but
not in the benign variants of pituitary gland tumors
are thought to be responsible for this biological
aggressiveness of the invasive tumor variants
(Gandour-Edwards et al. 1995). Often these tumors
are large at presentation or fast growing on serial
follow-up. Otherwise, they show similar imaging
characteristics to their benign variants. Their large
size and local aggressive growth pattern sometimes
make them difficult to distinguish from other malig-
nant central skull base lesions (Figs. 16, 17). The
majority of invasive variants of pituitary gland tumors
are endocrinologically active with 42% secreting
adrenocorticotrophic hormone (ACTH) and 33%
prolactin. The presence of metastatic disease distin-
guishes the invasive pituitary gland tumor from the
carcinoma form (Ragel and Couldwell 2004). Meta-
static disease primarily occurs in the central nervous
system (cerebrum, cerebellum, spinal cord, leptome-
ninges and subarachnoid space) and search for it
needs to be conducted in suspected invasive pituitary
gland tumor as metastatic lesions might be already
present on the initial imaging study. Systemic
metastases most commonly involve lymph nodes,
bone, liver and ovaries. Overall, pituitary carcinomas
have a very poor prognosis with a reported 1-year
survival rate of 34%. For the patient it is critical that
the radiologist recognizes the invasive nature of a
pituitary gland tumor, as an aggressive treatment plan
is critical prior to development of metastatic disease.

Neuroblastoma is an embryonal malignancy aris-
ing from neuroblasts of the sympathetic nervous
system (Brodeur and Castleberry 2001). They
can occur as primary or secondary neuroblastomas
of the skull base. The primary neuroblastomas
arise from the olfactory bulb and are discussed in
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Fig. 17 Sagittal (a) and coronal (b) contrast enhanced
T1-weighted images demonstrate a large central skull base
mass completely involving the clivus. The extent of the mass
is similar to Fig. 16 although the sphenoid sinus (s in a) is
not involved and the posterior bulging into the prepontine
cistern (arrowheads in a) is not as extensive. More important,

Fig. 18 Axial CT image displayed in soft tissue window
(a) shows a large mass centered in the greater sphenoid wing on
the right side (arrows in a) with extensive periosteal reaction and
an orbital component (arrowheads in a). The intracranial
component (black arrows in b) is markedly better seen on the

“Neoplasms of the Sinonasal Cavities”. Secondary
neuroblastomas represent metastatic disease to the
skull base with a tendency for orbital wall involvement
including the portions formed by the greater sphenoid
wings (Fig. 18). Little has been reported in regard to
imaging findings of metastatic neuroblastoma to the
skull base, however, since neuroblastoma is a small cell
tumor with high cellularity and little extracellular space
it is not surprising that it shows restricted diffusion
on DWI (Fig. 18c). Patients with orbital involvement
may present with proptosis, periorbital ecchymosis,

however, is that the pituitary gland can be seen as it is displaced
anterior and superior on the sagittal view (arrow in a) and is
markedly flattened on the coronal view (arrows in b) obviating
an invasive pituitary tumor as the etiology of this skull base
mass. This represented a metastatic lesion

axial T2-weighted image (b) that also displays the displacement of
the optic nerve sheath complex medially (white arrows in b). The
ADC map (c) shows lower attenuation than the adjacent brain
parenchyma consistent with restricted diffusion that is character-
istic of small blue cell tumors such as neuroblastoma metastasis

diplopia or vision loss. Otherwise, the symptoms are
related to the primary lesions, “blueberry muffin”
resembling skin disease or a paraneoplastic systemic
syndrome with myoclonic jerking and random eye
movements (=opsoclonus) (Brodeur and Castleberry
2001). The treatment and prognosis of neuroblastoma
depends upon tumor stage, age of the patient, histo-
logical and molecular features.

In the central skull base region, schwannomas may
arise from cranial nerve III-VI. Benign trigeminal
nerve (cranial nerve V) schwannomas are the most
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Fig. 19 Gadolinium enhanced, coronal T1- (a) and T2-weighted
(b) images through the central skull base show a large, markedly
enhancing left cavernous sinus mass on the left (2 in a and b) that
extends through the foramen ovale (arrows in b) along the
mandibular division of the trigeminal nerve to completely occupy

common cranial nerve tumors with a reported inci-
dence of up to 0.4% of all intracranial tumors.
Malignant schwannomas are even more rare. All but
trigeminal nerve malignant schwannomas have been
linked to neurofibromatosis type 1 (Stone et al. 2001).
Malignant schwannomas of the trigeminal nerve are
rather sporadic in occurrence with no known risk
factors. The clinical presentation of the benign and
malignant variants of central skull base schwannomas
is similar, related to dysfunction of the cranial nerve
primarily involved and mass effect-related dysfunc-
tion of the remaining cranial nerves within the cav-
ernous sinuses. There are no characteristic imaging
features distinguishing between benign and malignant
types of schwannomas either. The more aggressive
nature of the schwannoma may be suggested when
rapid tumor growth or extensive nerve involvement is
seen (Fig. 19). In addition, presence of early erosions
of the skull base foramina that are disproportionate to
the size of the schwannoma might provide important
clues (Stone et al. 2001). Due to the rarity of

the infratemoral fossa (M in a and b). The very large size of the
neuronal tumor in a patient without neurofibromatosis has to raise
the concern for a malignant variant, requiring more aggressive
treatment, as was the case in this patient

malignant schwannomas little is known in regard to
most optimal treatments. Complete surgical resection
is certainly the main goal but usually not feasible.
In addition, it has been reported that malignant sch-
wannomas have 50% local recurrence rate despite
negative surgical margins and adjuvant radiotherapy
(Jabre et al. 2000). Therefore, the overall prognosis is
poor with a reported 5-year survival between 38 and
65% (Stone et al. 2001).

Primary extra-dural meningioma of the skull base
is rare with its malignant variant being extraordinarily
uncommon (Van Tassel et al. 1991). Both entities will
be discussed in this section together as their imaging
findings overlap and the benign form may mimic
malignant central skull base lesions. Primary extra-
dural meningiomas are thought to arise from ectopic
meningocystes or arachnoid cap cells that are trapped
in a fracture line or suture during trauma or molding
of the head at birth, respectively (Turner and Laird
1966; Azar-Kian et al. 1974). Most commonly extra-
dural meningiomas are therefore intra-osseous in
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Fig. 20 Axial CT images displayed in bone (a) and soft tissue
(b) windows show slight sclerosis of the greater sphenoid wing on
the right (white arrow in a) when compared to the left (black
arrow in a) with marked periosteal region (arrowheads in a) and a
large orbital component (m in b) causing mild proptosis. These
CT findings and mass location are typical of an extra-dural, intra-
osseous meningioma. Axial contrast-enhanced CT image of the

nature and often involve the greater sphenoid wing
which is in part related to the high number of sutures
in this location (Fig. 20). In contrast to the intradural
variant, there is no gender preference and the extra-
dural type shows a bimodal peak with manifestation
at older age as well as in the second decade of life
(Lang et al. 2000). More than half of these lesions are
hyperostotic on plain films and CT studies potentially
mimicking prostatic cancer metastasis or fibrous
dysplasia (Fig. 20a). Only approximately 35% present
as osteolytic and 6% mixed lesions (Crawford et al.
1995; Tokgoz et al. 2005). Spiculated appearing
periosteal reaction might be present (Fig. 20a). Often
a soft tissue component of variable size is seen which
might be difficult to distinguish from adjacent mus-
culature and/or dura on CT images (Fig. 20b, c).
MR is superior in this regard due to its increased soft
tissue detail. As on CT, extra-dural meningiomas may
show variable internal signal characteristics and dif-
ferent degrees of contrast enhancement primarily
reflecting the degree of hyperostosis. Interestingly,
it has been shown that the extra-dural type of
meningiomas has a higher incidence of malignant
degeneration than the intradural variant with a
reported risk of 11 and 2%, respectively (Tokgoz
et al. 2005). It has been described that meningiomas
presenting with osteolysis and an extracranial soft
tissue component are more likely aggressive, and
therefore, more often malignant in nature (Fig. 20).
In addition, it has been shown that malignant

same patient performed 6 months later (¢) shows moderate
enlargement of the orbital component (m in b) with more
pronounced protosis and a new large intracranial component
(arrows in c) that extended superiorly to involve the lower half of
the frontal lobe (not demonstrated). The rapid growth pattern of
this mass is consistent with a malignant meningioma that was
confirmed surgically and on pathological evaluation

meningiomas have the tendency to show restricted
diffusion on DWI (Fillippi et al. 2001). Complete
surgical resection is the treatment of first choice.

5.6 Mimics of Malignant Central Skull

Base Lesions

Cephalocele is a rare entity, in which brain tissue
and/or meninges are protruding through a bony defect
from intracranial to extracranial. In the central skull
base region, intra-sphenoidal and trans-sphenoidal
cephaloceles have been encountered (Jabre et al.
2000). Trans-sphenoidal cephaloceles are usually
congenital in nature. They are typically midline in
position and therefore may present on imaging as a
midline bony gap associated with a cystic nasopha-
ryngeal mass. This type of cephalocele is usually
complex in nature containing optic nerves, hypothal-
amus or other adjacent midline structures. These
patients might present with pituitary gland dysfunc-
tion due to protrusion of the pituitary gland into the
meningoencephalocele or more commonly because of
associated maldevelopment of the sella and pituitary
gland. The intra-sphenoidal cephaloceles are typically
lateral in location and most commonly post-traumatic
in nature. These usually contain variable amounts of
temporal lobe tissue and may present with seizures or
rhinorrhea, bearing increased risk of meningitis.
Therefore, they are often treated with surgery. On CT,
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Fig. 21 Axial CT image displayed in bone window (a) dem-
onstrates complete opacification of the sphenoid sinus on the
right (s) with an approximately 1-cm bony gap in the lateral
wall of the sphenoid sinus (arrows in a) and mild bowing of the
sphenoid septum to the left (arrowheads in a). Although these
imaging findings might be mistaken for a sphenoidal mucocele
and less likely for an aggressive sphenoid sinus tumor, the

a bony gap in the sphenoid body and partial or
complete opacification of one or both sphenoid sinu-
ses is seen (Bolger and Reger 2003). They may be
mistaken for mucoceles or aggressive skull base
masses when associated with mass effect within the
sphenoid sinus (Fig. 21a). On MR the diagnosis is
easier as the extracranial brain tissue and/or meninges
are directly demonstrated in particular on T2-weigh-
ted images (Fig. 21). On CT, however, the location of
the bony gap, the pattern of bone remodeling rather
than destruction and potentially associated mild
bowing of the involved bone towards the sphenoid
sinus provide important diagnostic clues that warrant
further evaluation with MRI.

5.7 Malignant Lesions at the Junction

of Central to Posterior Skull Base

Chordomas represent rare, locally invasive and slowly
growing tumors. Histologically, they resemble benign
tumors, however, the majority of authors consider
them as low grade malignancies due to their aggres-
sive local growth pattern and their low risk for

direction of bowing of the edges of the bony gap suggests that
this is an intracranial process secondary involving the sphenoid
sinus. This is confirmed on the axial T2-weighed image (b) that
clearly shows protrusion of brain tissue (arrowheads in b) into
the sphenoid sinus (s in b) through the bony defect. These
imaging findings are therefore consistent with a lateral intra-
sphenoidal encephalocele

metastatic disease (Erden et al. 2003). They originate
from embryonic remnants of primitive notochord at
the spheno-occipital synchondrosis. The skull base is
the second most common location. The majority of
chondromas occur at the distal end of the notochord in
the sacral region. Different histological subtypes have
been reported such as chondroid and myxoid variants.
Chordomas may present at any age but show a pre-
dilection for the fourth decade and males. The onset
of symptoms is insidious, reflecting the slow growth
pattern of these tumors. However, at some point these
patients become symptomatic and most commonly
present with headaches and diploplia secondary to
cranial nerve VI palsy. This is not unexpected as the
cranial nerve VI courses through the medial portion of
the petrous apex within Dorello’s canal, in close
proximity to the spheno-occipital fissure. The vast
majority of chordomas are midline in position with
relative symmetric bilateral tumor growth. Only less
than 15% of chordomas have been reported to origi-
nate from the petrous apex simulating a chondrosar-
coma. On CT, chordomas classically present as large,
relatively well-circumscribed, lytic bone lesions
arising from the clivus (Fig. 22a). Often intra-tumoral
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Fig. 22 Axial CT image displayed in bone window (a) dem-
onstrates a moderate lytic clival mass (m in a) with complete
posterior cortical disruption (arrows in a). The non-contrast
enhanced (b) and contrast enhanced (¢) T1-weighted images
demonstrate the full extent of the markedly, heterogeneously
enhancing lesion (m in b and ¢) with a small nasopharyngeal

calcifications are seen, representing small bony
sequestra left behind from bone destruction or true
calcifications in case of the chondroid variant. The
associated soft tissue mass is usually slightly hyper-
dense in appearance demonstrating moderate to
marked enhancement following intravenous contrast
administration. Although it is easy to detect a

(arrowheads in b and ¢) and a large posterior fossa component
(arrows in b and ¢). The clival origin of the lesion together with
the marked hyper intensity on the axial T2-weighted
(m in d) images is most consistent with chordoma which was
confirmed with surgical biopsy

chordoma with CT, MR has been proven to be con-
siderably superior in the delineation of the tumor
extent, and is therefore the most pertinent study for
treatment planning purposes. On MR imaging, chor-
domas show a low to intermediate T1 and high T2
signal intensity with small focal areas of decreased T2
intensity caused by tumoral calcifications or small
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foci of intra-tumoral hemorrhage (Fig. 22a—c). Mod-
erate to marked heterogeneous contrast enhancement
is typically seen (Fig. 22b, c¢). Total surgical resection
is the most optimal treatment but is usually not fea-
sible. Therefore, post surgical radiation therapy is
usually utilized to improve patient’s prognosis, which
is primarily affected by the amount of tumor tissue
left behind within the surgical bed (Erden et al. 2003).
Overall, the prognosis is poor with a reported 5-year
survival rate of approximately 50% (Forsyth et al.
1993).

5.8 Malignant Posterior Skull

Base Lesions

Chondrosarcomas are rare malignant cartilaginous
tumors of variable aggressiveness (Evans et al. 1977).
Their aggressiveness depends upon the tumor subtype
and grade. The dedifferentiated and mesenchymal
variants are more aggressive than the classic variant.
The classic variant is the most common and repre-
sents a low grade chondrosarcoma. This type of
chondrosarcoma shows the least aggressive growth
pattern, minimal risk of metastatic disease and is
often difficult to distinguish from chordomas histo-
logically and clinically (Bourgouin et al. 1992).
As with chordomas, headaches and diplopia related to
cranial nerve VI palsy are the most common symp-
toms at presentation. However, chondrosarcomas
usually occur in younger patients with a peak inci-
dence in the second and third decades, and even more
importantly they are off midline (petroclival) in
location (Hassounah et al. 1985). Their paramedian
location also predisposes these patients for lower
cranial nerve deficits, in particular hearing loss.
CT images typically demonstrate a destructive mass
centered in the petrous apex with ring and arcs in it
reflecting the chondroid nature of this tumor
(Fig. 23a). Variable amount of soft tissue component
is seen, typically isodense to the adjacent brain
parenchyma, with some (but variable) enhancement
following intravenous contrast administration. Chon-
drosarcomas have low to intermediate signal intensity
on T1-, and high signal intensity on T2-weighted
sequences, Wwith variable enhancement pattern
(Fig. 23b—d). As with chordomas, total surgical
resection is the most desirable treatment in combi-
nation with radiation therapy if positive resection

margins are present. Despite the histological and
clinical similarities, the classic type of chondrosar-
coma has been reported to have a better prognosis
than chordomas with a 5-year survival rate of
approximately 90%. This, however, is not true for the
other chondrosarcoma variants (Forsyth et al. 1993;
Evans et al. 1977).

Endolymphatic sac tumors are also very rare. They
may occur sporadically or in association with von
Hippel-Lindau disease (Luff et al. 2002). The patients
typically present with hearing loss, tinnitus, vertigo
and/or facial nerve dysfunction (Choyke et al. 1995).
Bilateral involvement has been reported in
von Hippel-Lindau disease patients. The majority of
these tumors are low grade adenocarcinomas or pap-
illary cystadenomas that are indistinguishable from
each other based on imaging (Mukherji and Castillo
1996). On CT, local destruction is seen in the retro-
labyrinthine petrous bone, at the aperture of the ves-
tibular aqueduct, with characteristic intra-tumoral
bone spiculi that might be associated with an enlarged
vestibular aqueduct (Ragel and Couldwell 2004). The
T1-weighted images demonstrate characteristic
hyperintense foci within the tumor substance with
extensive enhancement following intravenous con-
trast administration. Endovascular embolization prior
to surgical resection may be required.

Paragangliomas are rare tumors of neural crest
origin (Rao et al. 1999). In the posterior skull base,
they are most commonly seen in the jugular fossa and
are called glomus jugulare tumors. They arise from
the paraganglion cells of the Jacobson or Arnold
nerve which are branches of the cranial nerve IX and
X, respectively (Rao et al. 1999). The majority of the
paragangliomas are benign in nature. Up to 13% of
glomus jugulare tumors have been reported to be
malignant. Both types will be discussed in this section
together as they both demonstrate with locally
aggressive growth pattern making them indistin-
guishable from each other (Figs. 24, 25). Demo-
graphic data are not helpful either as both forms most
commonly occur in middle-aged females that typi-
cally present with tinnitus (Brewis et al. 2000). It has
been suggested that the incidence of pain is higher
and the occurrence of hearing loss lower with the
malignant variants. The main differentiating feature,
however, is the existence of metastatic lesions in the
malignant form (Fig. 25b). Metastatic disease most
commonly spreads to the bone, lung and cervical
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Fig. 23 Axial CT image displayed in bone window (a) shows
a large, destructive mass (m in a) in the left petrous apex and
left clivus with characteristic ring and arcs (arrowheads
in a) appearance of chondrosarcomas. The MRI study confirms
this suspicion by demonstrating a markedly enhancing mass in

lymph nodes and might present even years after the
initial diagnosis and treatment (Fig. 25b). While
nuclear medicine examination with Indium 111
labeled somatostatin analogs is an excellent way to
evaluate for metastatic disease, CT and/or MR are
primarily utilized to evaluate the primary tumor
within the jugular fossa. On CT, glomus jugular
tumor causes destruction of the walls of the jugular
foramen and adjacent petrous bone giving the
so-called “mouth eaten” appearance (Figs. 24, 25).
On MR, a hypervascular mass with flow voids and

the petrous apex (m in b and c¢) on the T1-weighted images
without (b) and with Gadolinium enhancement (c¢) with char-
acteristic hyperintense signal intensity seen on the T2-weighted
image (m in d)

extensive enhancement is seen in the jugular fossa
region. On both studies, the tendency of the glomus
jugulare to grow into the middle ear cavity and pos-
terior fossa is seen, although the intracranial
involvement is better demonstrated with MR
(Fig. 24). In approximately 10% of patients, multi-
focal and/or bilateral involvement is seen. The benign
forms of glomus jugulare can be treated with surgical
resection following intra-arterial embolization, radi-
ation therapy or both as the tumor is known to be
radiosensitive and total surgical resection is often
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Fig. 24 Coronal CT image displayed in bone window
(a) shows the marked erosions along the lateral and superior
jugular foramen (arrows in a) caused by a large heteroge-
neously enhancing mass (m in b) as seen on this contrast
enhanced axial T1-weighted image (b). The mass also extends

into the posterior fossa (arrows in b) where it results in mild
impression upon the left cerebellar hemisphere. The location
and imaging findings are classic for a jugular foramen
paraganglioma

Fig. 25 Axial contrast-enhanced CT images through the
middle ear displayed in bone window (a) and through the
upper neck displayed in soft tissue window (b) from a 35-year-
old female with tinnitus and hearing loss and with classic
imaging findings of paraganglioma originating within the
jugular foramen on other images. a Image illustrating
the tendency of the jugular paragangliomas to grow into the

middle ear cavity (m in a). The typpanic membrane is markedly
displaced laterally (arrowheads in a). The image through the
neck demonstrates abnormal group 2A lymph nodes on the
right (arrows in b) allowing the diagnosis of malignant
paraganglioma. This patient underwent right modified lymph
node dissection confirming the nodal metastatic disease that
was not suspected on clinical examination
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Fig. 26 Coronal T2-weighted image (a) demonstrates a large,
hyperintense mass (m in a) in the right petrous apex region on
the left side that might be mistaken for a chondrosarcoma
because of its location and T2 signal intensity. The
T1-weighted images pre- (b) and post-contrast administration
(¢), however, show lack of enhancement within the mass

difficult. Since radiation therapy is known to leave a
residual mass of variable activity behind, treatment of
the malignant forms with radiation therapy alone is
currently not recommended but rather surgical
resection with post-operative radiation therapy. Uti-
lization of Iodine 131 labeled MIBG for treatment of
the metastatic lesions has been reported with mixed
preliminary results (Bomanji et al. 2001). Paragan-
gliomas are increasingly recognized to have a genetic
predisposition, with mutations of the enzyme succinyl
dehydrogenase (SDH) resulting in paraganglioma

(m in b and ¢) which is very atypical for chondrosarcoma.
In addition, the diffusion weighted image in coronal plane
(d) shows restricted diffusion within the lesion (m in d).
Cholesteatoma was confirmed on surgical specimen (Images
courtesy of Robert Hermans, MD, PhD, Leuven, Belgium)

formation. Several types of mutation of this enzyme
are known: SDHB mutation possibly leading to
extra-adrenal pheochromocytomas, malignant para-
gangliomas and extra-paraganglial neoplasia; SDHD
mutatation is associated with an increased incidence
of multiple benign head and neck paragangliomas.
Therefore, discovery of a paraganglioma should
promp a genetic test in search of a possible SDH
mutation (Barber et al. 2011).

Malignant schwannomas of the cranial nerve
VII-XII demonstrate the same rarity, behavior and
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imaging findings as the malignant schwannomas of
the cranial nerve III-VI (see Sect. 5.5 for details).

5.9 Mimics of Malignant Posterior Skull

Base Lesions

Congenital cholesteatoma is a rare disease arising
from aberrant ectoderm that is trapped during
embryogenesis within the temporal bone (Robert et al.
1995). Histologically, the lesion is lined with strati-
fied squamous epithelium and filled with debris.
It typically presents in children and young adults. It
can occur anywhere within the temporal bone; when
located in the petrous apex it might simulate a
malignant lesion of the skull base. Petrous apex
congenital cholesteatomas present with facial nerve
palsy, sensorineural hearing loss and/or vertigo.
On CT, a hypodense, non-enhancing expansile mass
is seen with variable degree of bony destruction.
Congenital cholesteatoma is usually low to interme-
diate in signal intensity on T1- and high signal
intensity on T2-weighted images (Fig. 26a—c). Pres-
ence of restricted diffusion on DWI has also been
reported which is not surprising as cholesteatomas
histologically resemble epidermoid tumors (Fig. 26d;
Aikele et al. 2003). The use of non- echo-planar DWI
sequence is recommended in this area as it allows for
thinner section thickness and higher imaging matrix
with less associated susceptibility artifacts (De Foer
et al. 2006). Surgical excision is the treatment of
choice and recurrent disease is common with subtotal
resection. In such patients, non-echo-planar DWI has
shown to be a promising tool for evaluation of
residual or recurrent disease as an alternative to
exploratory second-look surgery (Dhepnorrarat et al.
2009; De Foer et al. 2010).

Cholesterol granuloma represents an accumulation
of granulation tissue intermixed with blood products
and cholesterol crystals within the middle ear or
petrous apex (Farrior et al. 1981). Patients with cho-
lesterol granuloma classically have a long-standing
history of chronic otitis media. Lesions in the petrous
apex are often quiet large at the time of diagnosis and
may therefore present with hearing loss, tinnitus and/
or cranial neuropathies (Goldofsky et al. 1991).
On CT, cholesterol granulomas present as expansile,
well-defined masses (Fig. 27a; Greenberg et al.
1988). When large, the site of origin might be difficult

to determine making distinction to other types of
petrous apex lesions, in particular petrous apex
aneurysm, difficult. As cholesterol granulomas are
often large at the time of initial scanning, CT images
often show bony gaps that may be mistaken for bone
destruction or erosions suggesting an aggressive or
malignant lesion. On MRI, cholesterol granulomas
are classically of increased signal intensity on the T1-
and T2-weighted images, with no or minimal
peripheral enhancement following contrast adminis-
tration (Fig. 27b). Cholesterol cysts are essentially
identical to cholesterol granulomas but occur in the
absence of chronic middle ear disease. Mucoceles of
the petrous apex share the same imaging character-
istics as cholesterol granulomas on CT, but usually
demonstrate decreased signal intensity on T1-weigh-
ted images. Mucoceles of the petrous apex are very
rare and are felt to be related to post-inflammatory
obstruction. All of these lesions are usually treated
with surgical drainage.

Internal carotid artery aneurysms can occur within
the cavernous sinuses, causing remodeling of the
adjacent sphenoid bone, or within the petrous bone.
The cavernous sinus aneurysms are more common
and usually do not demonstrate a diagnostic dilemma.
Petrous segment internal carotid aneurysms, in con-
trast, are rare. They can be congenital, post-traumatic
or post-infectious in etiology (Liu et al. 2004).
Aneurysms in this location are usually asymptomatic
and are incidentally found on CT or MR studies
performed for other indications. In symptomatic
patients, symptoms are primarily non-specific in nat-
ure (headaches) or related to local mass effect (cranial
neuropathies, Horner’s syndrome or tinnitus).
Embolic events have not been associated with petrous
segment aneurysm even with larger mural thrombus
formation (Liu et al. 2004). On CT, they usually
present as an expansile mass with marked enhance-
ment following intravenous contrast administration.
The degree and homogeneity of enhancement
depends upon the amount of mural thrombus and the
size of patent lumen (Fig. 28). If no intravenous
contrast is given, they may mimic a cholesterol
granuloma, cholesterol cyst or a petrous apex muco-
cele. Close search for the internal carotid canal within
the petrous bone and evaluation of the vector of the
associated bone remodeling usually results in correct
diagnosis. Contrast-enhanced CT and/or CT angiog-
raphy might be then performed to confirm the
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Fig. 27 Axial CT displayed in bone window (a) shows a large
Iytic lesion (m in a) centered within the petrous apex without
signs of cartilageous matrix to suggest a chondrosarcoma. The
non-contrast enhanced TI1-weighted image in axial plane
(b) shows spontaneous very high signal intensity of the mass
(m in b) that is characteristic of cholesterol granulomas in

diagnosis and to classify the type of the aneurysms
(Fig. 28). On MR, petrous apex aneurysms usually
present with mixed signal intensity and enhancement
pattern, related to the turbulent flow within the
aneurysmal segment (Fig. 28). Even MR angiography
is usually difficult to interpret as the turbulent flow
causes signal drop-out due to reentry phenomenon or
thrombus formation that underestimates the size or
makes the aneurysm difficult to appreciate at all. This
constellation of imaging findings may result in mis-
diagnosis of the aneurysm as a non-vascular benign
and/or malignant skull base lesion. In the instance of
present flow voids within the aneurysm, the aneurysm
might be completely missed as the difference in signal
intensity to adjacent petrous apex, in particular when
the petrous apex is aerated, might be very small and
therefore not appreciable to the radiologist’s eye. The
bottom line is that internal carotid artery aneurysms in
this location might pose a diagnostic dilemma and the
radiologist should consider it every time a petrous
apex lesion is observed on CT or MRI to prevent a
potential biopsy with usually fatal outcome. The
treatment of petrous segment aneurysm remains
challenging, in particular when the patient has no or

contrast to the low to intermediate signal intensity seen in
chondrosarcomas that occur in the same location. In addition,
there is a small amount of fluid (arrow in a) present in the
mastoid air cells on the right supporting the diagnosis of
cholesterol granuloma

minimal symptoms. Currently, a “wait and see”
approach is applied to this latter patient group as these
types of aneurysms do not suffer life-threatening
bleeding episodes. Endovascular intervention (balloon
or coil occlusion of the internal carotid artery and/or
stent placement) or surgical trapping with revascular-
ization bypass is currently reserved for symptomatic
patients (Liu et al. 2004).

Petrous apicitis is usually caused by otitis media
that extended anteromedially into the aerated petrous
apex cells without or with progression to osteomy-
elitis in the early and delayed stages, respectively.
Usually, the patients present with fever reflecting the
acute nature of the infection in combination with
some or all of the symptoms of the Gradenigo’s triad
(see Sect. 3) (Gradenigo 1904). In the early stages,
obliteration of the petrous apex air cells with fluid, in
association with otomastoid disease is seen. In the
later stages, additional bony destruction with trabec-
ular breakdown and cortical erosions is present,
reflecting the degree of underlying osteomyelitis
(Fig. 29a). All these changes are readily visible on
CT. Petrous apicitis is prone for intracranial compli-
cations such as epidural or brain abscess formation,
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Fig. 28 These images are from a 76-year-old male patients
who underwent MR examination for dementia. Axial T2-
weighted image (a) shows a round and well-defined mass
(arrows in a) of mixed signal intensity centered within the
petrous apex. The mass (arrows in b) shows marked hetero-
geneous enhancement on the contrast-enhanced fat suppressed
T1-weighted image (b). The imaging findings were therefore
suspicious for an aneurysm of the petrous segment of the
internal carotid artery and the patient underwent CT angiog-
raphy for further evaluation. The contrast-enhanced source
image displayed in an intermediate window (c) shows extensive

subdural empyema, meningitis and sinus throm-
bosis or thromboplebitis (Fig. 29b). These possible
complications are usually better delineated with

lateral bowing of the lateral wall of the internal carotid canal on
the right (white arrows in ¢) when compared to the left (white
arrowheads in c¢) caused by a centrally markedly enhancing
mass (m in ¢) that is contiguous with the internal carotid artery
(black arrowheads in c¢). The gap between the enhancing
central component (m in ¢) and the bony bowing (white arrows
in ¢) reflects the degree of mural thrombus. The maximal
intensity projection (MIP) image (d) nicely displays the patent
portion of the saccular aneurysm (a in d) arising from the
petrous segment of the internal carotid artery (stars in d)

MR imaging. Petrous apicitis, in particular when
associated with osteomyelitis or intracranial compli-
cations, represents a surgical emergency requiring
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Fig. 29 Axial CT image displayed in bone window (a) dem-
onstrates marked dehiscence of the bony cortex (arrows in
a) and fragmented appearance of the petrous apex on the left
when compared to the right (arrowheads in a). The contrast-
enhanced axial CT image displayed in soft tissue window

debridement of the petrous apex and drainage of
possible abscesses or empyemas. However, recently,
successful conservative treatment of uncomplicated
petrous apicitis with new antibiotics has been reported
(Burston et al. 2005).

6 Imaging Protocols

In view of the broad variety of lesions that can
involve the skull base, it is not surprising that there is
no single imaging protocol that fits all these entities.
The imaging protocol will primarily depend upon
availability, presenting symptoms, patient’s history
and extent of tumor. Overall, CT is usually the study
of first choice as it is widely available and easily
accessible. Based on symptoms, MR should be the
initial diagnostic study for patients with cranial
neuropathies, while CT is primarily reserved as a
screening tool for more non-specific symptoms such
as headaches and dizziness. Presence of risk factors
for a certain disease process (e.g. chronic otomas-
toiditis or neurofibromatosis), or a history of under-
lying malignancy in combination with the clinical
presentation, might raise the suspicion for a specific
entity that it is better evaluated with one or the other

shows an extra-dural fluid accumulation with marked ring
enhancement (arrows in b). The constellation of the imaging
findings together with fever and signs of otitis media on clinical
examination are consistent with petrous apicitis complicated by
an epidural abscess that was surgically proven

imaging tool. The extent of the tumor is usually
unpredictable based on clinical examination alone and
therefore, review of the images while the patient is
still on the scanner with immediate modification of
the imaging protocol represents the most optimal
work-up of patients with skull base lesions. Despite
most optimal image quality a significant number of
patients will end up with both—CT and MR—studies
for narrowing of the differential diagnostic consider-
ations and better delineation of the tumor margins
(Figs. 13, 18, 21, 22).

Although no specific protocol is given here, the
following issues need to be considered or followed to
facilitate the most optimal quality of a cross-sectional
study: CT and MRI should be obtained as a high
resolution study with a small field of view (8—14 cm)
that is coned down to the area of interest, such as the
central skull base or temporal bone. The images
should be performed with contiguous slices. It is
recommended that CT images are acquired with a
slice thickness of 1 mm or less in bone algorithm for
optimal display of the bony details of the skull base.
In the era of interactive capabilities of the picture
archive computer system (PACS) such thin sections
are also desirable in soft tissue algorithm to allow
high quality multi-planar reformations that facilitate
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better delineation of the lesion from adjacent ana-
tomical structures. In contrast, such thin slices are not
feasible nor desirable with MR, as the signal to noise
would be too low and/or the imaging time too long.
Therefore, MR images should be obtained with a slice
thickness of 3 mm (Casselman 2005). When a large
lesion is present, the slice thickness might need to be
increased to 4 mm to be able to cover the entire tumor
in a reasonable time frame.

High resolution fast spin-echo T2- and standard
T1-weighted images, without and with intravenous
contrast administration sequences, should be per-
formed in axial and coronal planes (Casselman 2005).
Some tumors also benefit from sagittal imaging, such
as chordomas. The standard T1-weighted images
without contrast agent are most sensitive for bony
invasion, while the T2-weighted images are very
helpful in delineation of the outer tumor margins
(Figs. 13a, b, 23). Post-contrast agent T1-weighted
images are most useful for evaluation of involvement
of adjacent soft tissues (Fig. 23). Utilization of fat
suppression techniques in the skull base is contro-
versial as it is hampered by loss of most of the
anatomical landmarks, and is predisposed for sus-
ceptibility artifacts. In addition, the suppression of fat
makes the typically high signal difference between
tumor and adjacent fatty bone marrow disappear on
the plain images, and the detectibility of a lesion on
the contrast-enhanced images will depend upon the
degree of intra-lesional contrast accumulation.
Therefore, it is advisable to obtain standard plain T1-
weighted images without fat suppression in at least
one imaging plane (preferentially the axial plane) that
would supplement the fat suppressed images. Addi-
tional imaging sequences such as heavily T2-weigh-
ted high resolution volumetric acquisitions or MR
angiography/venography might also be considered for
further evaluation of the cisternal portions of the
cranial nerves or of the intracranial vasculature,
respectively. It is also recommended to perform larger
field of view images (20-22 cm) through the entire
head in non-enhanced T1 and fluid attenuation
inversion recovery (FLAIR) weighing that could
serve as an overview for optimal positioning of the
subsequently acquired high resolution images; these
would allow detectibility of additional lesions as well
as possible complications related to the skull base
mass such as infarction at the same time. Additional
DWI through the entire head might not only further

characterize the age of potential infarction, but also
narrow the differential diagnosis in some instances.

7 Radiologist’s Role

The radiologist’s main role pretreatment is the
delineation of the extent of the suspected malignant
skull base lesion, including delineation of possible
involvement of the neurovascular structures. Nar-
rowing of the differential diagnostic considerations is
certainly desirable but not as critical as the tumor
extent. The radiologist might offer biopsy of a lesion
when a soft tissue component is present below the
skull base that is accessible for biopsy with CT
guidance. Central skull base lesions can be often
reached by placement of a guiding needle through the
mandibular notch or through the buccal space
along the anterior margin of the mandibular ramus.
However, CT guided biopsy of the bony skull
base itself is difficult due to the high frequency of
traversing nerves and vessels.

During the treatment phase, the interventional
radiologist might perform intra-arterial embolization
of a vascular tumor prior to surgical resection or treat
a petrous segment internal carotid aneurysm with
balloon/coil occlusion.

Posttreatment imaging is critical as surgical
resections are often subtotal in extent and radiation
therapy may leave residual masses of unknown
activity. To facilitate the radiologist’s ability to detect
recurrent tumor as soon as possible, it is advisable to
obtain a baseline CT and/or MR study approximately
6 weeks following treatment, and to perform the
subsequent follow-up examinations with the same
imaging protocol and technique.
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