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ABSTRACT

Primary intraosseous cavernous hemangiomas (PICHs) of the skull base
are extremely rare tumors. These lesions are most common in the frontal and
parietal bones of the calvarium. The authors describe a 40-year-old female who
presented with progressive headaches. Serial imaging revealed a contrast-enhancing
intraosseous lesion of the lateral body of the sphenoid bone and the greater wing
associated with encroachment of the inferior cavernous sinus and mild posterior
displacement of the cavernous carotid artery. Follow-up imaging 9 years later re-
vealed slow growth of the lesion. The patient underwent complete excision of the
PICH through an extradural frontopolar approach. Pathological examination re-
vealed an intraosseous cavernous hemangioma. PICHs of the skull base can
mimic other more common skull base lesions and thus can be difficult to diag-
nose preoperatively. Diagnosis is usually made at surgery. The authors review the
literature regarding the clinical presentation, radiological characteristics, patho-
logical features, and surgical management of PICHs.
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facial bones, including the zygoma, maxilla, vomer,
and mandible.2–7 When multiple bones of the orbit
are involved, they are termed primary intraosseous
orbital hemangiomas.8–10 PICHs of the skull base
are exceedingly rare. We present a patient with a
PICH arising from the medial sphenoid wing, which

Primary intraosseous cavernous hemangiomas
(PICHs) of the cranium are benign tumors that ac-
count for ~0.2% of all bone tumors and 10% of be-
nign skull tumors.1 They are most frequently found
in the calvarium, particularly in the parietal and
frontal bones. Less commonly, they arise from cranio-
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was treated with a radical excision of the lesion and
associated skull base.

ILLUSTRATIVE CASE

History and Examination

A 40-year-old, otherwise healthy woman initially
had sought treatment 9 years earlier for chronic head-
aches. Magnetic resonance imaging (MRI) at that
time revealed an intraosseous mass in the left sphe-
noid (Fig. 1). After consultation with the senior
author (William T. Couldwell), the patient elected
to have the lesion observed conservatively and she
was followed by a neurologist for her headaches. She
had chronic daily headaches and intermittent com-
mon migraines that increased in frequency and se-
verity in the last several years. The patient failed
multiple medical therapies, including acetaminophen,
nonsteroidal anti-inflammatory drugs, high-dose
narcotics, depakote, verapamil, imitrex, and diamox.

She was referred to our center for repeat neuro-
imaging and a follow-up neurosurgical evaluation,
which was within normal limits. A cranial nerve
examination revealed no abnormality of facial sen-
sation in the distribution of V2 or V3.

Radiographic Examination

Computed tomography (CT) of the skull base re-
vealed an abnormal mottled and trabeculated ap-
pearance of the left greater wing of the sphenoid,
extending inferiorly into the pterygoid plate and su-
periorly into the lateral wall of the sphenoid sinus.
The lesion also involved the medial and anterior
wall of the horizontal carotid canal in the temporal
bone (Fig. 2). MRI showed a 2.5-cm enhancing
mass involving the left sphenoid bone at the skull
base, encroaching on the cavernous sinus and mildly
displacing the cavernous carotid artery posteriorly
(Fig. 3). Compared with her initial MRI study per-
formed 9 years earlier, the imaging on this occasion
suggested a slight increase in the size of the lesion.

A B

Figure 1 (A) T2-weighted and (B) T1-weighted coronal MRI with gadolinium infusion from 1993 demonstrating in-
traosseous hemangioma in the left sphenoid bone with encroachment on the cavernous sinus and displacement of the
cavernous carotid artery.
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Figure 2 (A) Axial and (B) coronal CTs showing characteristic trabeculated “honeycomb” appearance of the left
greater wing of the sphenoid, extending inferiorly into the pterygoid plate and superiorly into the lateral wall of the
sphenoid sinus.

Based on the radiographic studies, differential di-
agnosis included a low-grade chondrosarcoma, an
intraosseous meningioma, and a hemangioma.

Surgery

Given the slight increase in the size of the sphe-
noid mass, the patient elected surgical removal for
a definitive diagnosis and complete resection. A
frontotemporal bone flap was elevated through a
frontotemporal incision. The lateral aspect of the
sphenoid ridge was removed with a high-speed drill.
Under microscopic visualization, the middle cranial
fossa surrounding the superior orbital fissure, the
foramen rotundum, and the foramen ovale were ex-
posed using a frontopolar extradural approach as
described by Dolenc.11–13

Abnormal vascular soft tissue was identified
in the skull base interspersed within the interstices
of bone between the foramina rotundum and ovale.
The mass was very vascular, with cavernous blood-
filled spaces between the bony trabeculae. With a
high-speed drill, the entire abnormal bony skull base
of the middle fossa, including the lateral wall of the
sphenoid sinus, the upper pterygoid plates, and the
petrous carotid canal was removed in all directions.

The second and third divisions of the trigeminal
nerve as well as the petrous carotid artery were skele-
tonized and preserved in their entirety.

The tumor was entirely intraosseous and ex-
tracavernous. Encroachment of, but not invasion
into, the cavernous sinus was appreciated. After the
tumor was removed completely the sphenoid sinus,
infratemporal fossa, and pterygopalatine fossa were
visualized. Autologous fat and fascia lata grafts
were placed in the skull base defect. The remain-
der of the closure was routine. A tunneled lumbar
drain was placed at the end of the operation to mit-
igate against the development of a cerebrospinal
fluid (CSF) fistula. The estimated blood loss was
~500 ml.

Pathological Examination and

Postoperative Course

Pathological examination revealed thin-walled vas-
cular channels lined by a single layer of flattened
endothelial cells interspersed among bony trabecu-
lae, consistent with an intraosseous cavernous he-
mangioma (Fig. 4A). Immunohistochemical stud-
ies showed immunopositivity for CD34 marker in
the dilated vascular channels lined by endothelial
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cells. This finding supported the diagnosis of an
intraosseous cavernous hemangioma (Fig. 4B).

Postoperatively, the patient was awake and
alert with some residual facial numbness in the dis-
tribution of the left V2. CT obtained on postopera-
tive Day 1 confirmed complete resection of the skull
base hemangioma (Fig. 5). There was no evidence of
a CSF leak, and the lumbar drain was removed on
postoperative Day 2. The remainder of her hospital
course was unremarkable, and she was discharged on
postoperative Day 3. Her facial numbness resolved

in the ensuing weeks and her headache symptoms
improved dramatically. The patient has remained
stable after 1 year of follow-up.

DISCUSSION

PICHs are rare, benign skeletal tumors most com-
monly found in the spinal vertebral column. Over-
all, they represent 0.7% of all osseous neoplasms.14

A B

C D

Figure 3 MRI from 2002 demonstrating intraosseous hemangioma of the left sphenoid with slight enlargement. (A-C)
T1 coronal with gadolinium. (D) and (E) T2 axial. (F) T1 axial. (G) T1 axial with gadolinium reveals enhancing mass in the
left sphenoid. An additional left cerebellar hemispheric vascular lesion is also appreciated.
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Less commonly, PICHs can involve the bones of
the cranium. The earliest description in the English
literature was in 1845 by Toynbee,15 who reported a
vascular tumor arising in the confines of the parietal
bone. Although the origin of PICHs remains ob-
scure, some authors believe that they represent con-
genital lesions that manifest in adulthood.1

Within the skull, calvarial hemangiomas are
the most common. In a review by Wyke,1 70% of

cranial PICHs were localized to the calvarium, par-
ticularly the parietal and frontal bones.16–22 PICHs
are slow-growing lesions and typically occur in
women in the fourth and fifth decades of life. As
they enlarge, they present as immobile lumps on
the head associated with periodic, dull throbbing
headaches that occasionally develop into severe
headaches. The severity of the headaches may in-
crease as the hemangioma expands.1,16 Neurological
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Figure 4 (A) Pathological examination demonstrating intraosseous cavernous hemangioma composed of thin-walled
vascular channels lined by a single layer of flattened endothelial cells interspersed among bony trabeculae (hematoxylin-
eosin). (B) Immunohistochemical studies for CD34 showing the vascular spaces lined by strongly immunoreactive en-
dothelium.

deficits are unusual because these tumors tend to
expand externally, but intracranial expansion has
been reported.10

Intraosseous hemangiomas can also arise from
craniomaxillofacial bones. The mandible, zygoma,
maxilla, and frontal bones are most frequently in-
volved (~100 cases), and lesions in this area usually
manifest with progressive painless facial swell-
ing.3–7,23 In one case, a PICH arose from the vomer,
which was resected using a Le Fort I osteotomy.2

In a rare hereditary form, primary intraosseous
hemangiomas are confined to the craniofacial bones.

These patients present with severe dysmorphic fa-
cial features in the second decade of life.24

About 33 cases of intraosseous hemangiomas
arising from the bones of the orbit, such as the
frontal, ethmoid, sphenoid, and zygomatic bones
have been reported.8,9,19,25–30 Some authors classify
these as primary intraosseous orbital hemangiomas,
which represent less than 5% of cranial PICHs.8,9

Initially, patients may present with supraorbital swell-
ing, supraorbital neuralgia, an immobile nontender
mass, or nasolacrimal obstruction. In severe cases,
patients can experience progressive proptosis, bleph-

A B

Figure 5 Postoperative (A) axial and (B) coronal CTs performed one day after surgery showing complete resection of
skull base cavernous hemangioma.
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aroptosis, diplopia, and visual loss.8–10,19,20,29–31 In
most cases, these tumors expand downward into the
orbits, but intracranial expansion has been reported.10

PICHs in other regions of the skull base are
distinctly unusual tumors, and most arise from the
petrous temporal bone.32–35 In 1921 Brandt re-
ported the first case of a hemangioma arising from
the left petrous bone, as documented by Bucy and
Capp.36 In some cases, an intra-aural mass is de-
tected incidentally and subsequent biopsy can lead
to profuse hemorrhage.35 Only one case of a spon-
taneous hemorrhage from a petrous cavernous he-
mangioma resulting in a fatal epidural hematoma
has been reported in an 8-year-old girl.37

Temporal bone hemangiomas that involve the
facial nerve typically are referred to as facial nerve
hemangiomas.38 We believe that these lesions are a
distinct group of skull base hemangiomas because
of their origin and unique location and because of
the surgical management of the facial nerve. These
tumors arise from extensive vascular plexuses dis-
tributed along the course of the facial nerve, mostly
at the geniculate ganglion and the fundus of the in-
ternal auditory canal. Clinically, they tend to mani-
fest with facial nerve paralysis, hemifacial spasm,
and auditory or vestibular symptoms.

When bone is involved resulting in reactive
osteoclastic and osteoblastic remodeling, the char-
acteristic trabeculated, honeycomb appearance is vis-
ible on CT. In these cases, the lesions are often fur-
ther classified as ossifying or osseous hemangiomas of
the temporal bone.33, 34, 38,39 In general, they do not
invade the nerve sheath. In some cases, they can be
dissected from the facial nerve while its anatomical
integrity and function are preserved.38

Few reports have documented microscopic
neural integrity at the site of a hemangioma.40 More
commonly, the hemangioma produces an intense
perineural reaction that precludes the establishment
of clear surgical planes between the nerve and tumor.
In these cases, some have advocated aggressive re-
section of the hemangioma and the involved facial
nerve with subsequent primary anastomosis or cable
nerve grafting.34,38,40

Skull base hemangiomas have been reported
to arise from the occipital condyle, causing neck
pain and torticollis, from the foramen magnum and
clivus causing basilar impression, and from the or-
bitosphenoidal ridge and orbital roof causing pro-
gressive proptosis and visual loss.1,10,41–45 Although
PICHs of the skull base are slow-growing lesions,
they can be expansile and involve neighboring struc-
tures such as the cavernous sinus and carotid artery.
On some occasions, the radiographic findings are
nonspecific and can mimic more common lesions
of the skull base. The diagnosis is rarely made pre-
operatively and is most often determined patholog-
ically during exploratory surgery.

Radiographic Characteristics

In 1930 Bucy and Capp36 definitively described the
radiographic characteristics of a series of intraosseous
hemangiomas arising from various anatomical lo-
cations, including the cranium. Classically, these le-
sions appear as an expansive, well-circumscribed
area of rarefaction with a sunburst pattern of tra-
beculations radiating from a common center. When
viewed en face or on axial views, a honeycomb or
soap-bubble configuration is characteristic (Fig. 2).8

These characteristics are better defined on
CT, especially for smaller lesions that are not obvi-
ous on plain radiographs.3,33,46 The cortex can be
greatly expanded leaving a thin bony shell, but the
periosteum remains intact. Intraosseous hemangio-
mas are to be differentiated from osteogenic sarco-
mas, which destroy the bone cortex and invade the
periosteum and surrounding soft tissues. There is
usually no reactive sclerosis at the margins.

The signal characteristics on MRI are vari-
able. The lesion usually appears mottled and het-
erogeneous with both increased and decreased sig-
nal intensities on both T1- and T2-weighted images
(Fig. 3). The signal depends on the quantity of slow-
moving venous blood and on the ratio of red mar-
row to converted fatty marrow present within the
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lesion. On T1-weighted imaging, smaller lesions
tend to have increased intensity whereas larger le-
sions typically show low signal intensity within the
trabeculae. Lesions with more fatty marrow show
increased signal intensity on T1-weighted images.
PICHs typically enhance after gadolinium is ad-
ministered. On T2-weighted imaging, areas of in-
creased signal intensity correspond to slow flow or
pooling of blood.3,8,46 These slow-flow venous lakes
interspersed between bone have been demonstrated
by power Doppler ultrasonography.10

Angiography of larger hemangiomas typically
demonstrates a hypervascular lesion and a delayed
blush with feeding arteries but no draining veins.
Preoperative embolization may be helpful in the
management of larger vascular lesions.3,6,47–49

The pathognomonic radiographic findings of
sunburst trabeculations, honeycomb configurations,
and hypervascularity on angiography are most com-
mon in larger calvarial PICHs. In such instances the
diagnosis can be made preoperatively based on the
imaging characteristics. However, these features are
not as apparent in smaller lesions, especially in the
skull base. Thus, small hemangiomas are often diag-
nosed only after pathological examination.34

Pathological Characteristics

PICHs are benign nonencapsulated lesions that grow
slowly. Invasion through the dura is extremely rare
and can present as a chronic subdural hematoma
(unpublished case). Cushing described one such le-
sion as a purplish-black mass and mistakenly sug-
gested that it was a melanotic sarcoma.50 Grossly,
PICHs appear as soft, rubbery, vascular tissue sep-
arated by thin bony trabeculae. Intraoperatively, the
lesion appears as “moth-eaten” bony interstices or
white coral filled with vascular soft tissue. These
trabeculations are the result of reactive osteoclastic
and osteoblastic bone remodeling and appear con-
tinuous with normal surrounding bone.25,34

Microscopically, intraosseous cavernous he-
mangiomas are composed of thin-walled vascular

channels lined by a single layer of flattened endo-
thelial cells interspersed among bony trabeculae
(Fig. 4).45 Capillary hemangiomas, which comprise
the other less common form of hemangioma, are
composed of radially directed capillary loops lined
by a single layer of cuboidal endothelial cells. Some
hemangiomas are mixed types that contain elements
of both cavernous and capillary patterns. Capillary
hemangiomas may progress to cavernous heman-
giomas.51 Most intraosseous hemangiomas arising
from the skull base are cavernous.

Surgical Management of Skull 

Base Lesions

PICHs do not undergo spontaneous involution. As
noted, in only one case has a spontaneous hemor-
rhage resulted in a fatal epidural hematoma.37 Most
authors have recommended gross total surgical ex-
cision to treat mass effect and neurological com-
promise, to improve a cosmetic deformity, and to
obtain a definitive diagnosis.3,7,8,10,16,34,52 The sur-
gical treatment of choice is en bloc excision and es-
tablishment of normal bony margins by drill curet-
tage. This technique minimizes intraoperative blood
loss but may not be possible to achieve when the
skull base is involved. Prognosis after complete ex-
cision is excellent, and recurrence is usually rare.9

The surgical approach becomes more diffi-
cult for extensive skull base PICHs. Successful exci-
sion requires the appropriate microsurgical skull
base approach and technique. Our case was success-
fully removed through an extradural frontopolar ap-
proach as described by Dolenc.11,13 This approach
provided wide exposure for drilling of the floor of
the middle fossa while preserving the branches of
the trigeminal nerve.

Radiation therapy remains a viable option
for unresectable skull base lesions or residual tumors
from subtotal resections.9,46 However, some have
opposed radiation therapy because of scar forma-
tion, impairment of regional bone growth in chil-
dren, and the risk of development of malignant
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transformation. Fredrickson et al53 reported a case
of radiation-induced carcinoma in a hemangioma.
Breast cancer, thyroid cancer, brain tumors, and bone
tumors have been reported after radiation of skin
hemangiomas.54 If the lesion is near the cavernous
sinus, as was the present case, the risk of radiation-
induced cranial nerve deficit or hypopituitarism may
be greater. Because these tumors usually grow slowly,
it may be more preferable to follow such lesions con-
servatively rather than subject a patient to radia-
tion. If the tumor progresses despite conservative
management, fractionated stereotactic radiation ther-
apy or radiosurgery may be considered.51,55

CONCLUSION

PICHs of the skull base are rare, slow-growing be-
nign tumors that may mimic other more common
cranial base tumors. If critical neurovascular struc-
tures are involved, they can cause progressive neu-
rologic deficits. The preferred treatment is com-
plete tumor removal with normal bony margins.
Sometimes the classic radiographic appearances are
not evident. Consequently, the diagnosis is most
often made during surgical resection.
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