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Osteomyelitis of the skull base involves a complex anatomy and requires multimodality management. Delayed
diagnosis and treatment can lead to death. To emphasize the challenge of this condition, we underscore the difficulty
distinguishing between skull base malignancy and skull base osteomyelitis. Signs of craniofacial osteomyelitis include (a)
clinical symptoms of persistent discharge from the natural orifices and severe pain and (b) imaging evidence of osteolytic
lesions. Empirical treatment with antibiotics should be started as soon as possible to minimize morbidity and mortality.
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Craniofacial osteomyelitis can occur in various
locations, including the mandible, frontal bone, maxilla,
nasal bone, temporal bone, and skull base bones(1).
Skull base osteomyelitis (SBO) is a rare but fatal disease,
which left untreated, will deteriorate rapidly and lead to
mortality. The risk factors-such as diabetes, elderly,
and immuno-compromised-have been reported in earlier
series(2-5). More than half of untreated patients die(2),
but with long-term antibiotics and surgical
debridement, six-month survival for treated patients is
as high as 80%(6).

Osteomyelitis can be defined as an
inflammatory condition of the bone that begins as an
infection of the medullary cavity, which rapidly involves
the Haversian systems and extends to the periosteum
of the affected area(7). The long bones are common
sites of osteomyelitis. Osteomyelitis of the skull base
is rare, including osteitis of the temporal bone, bony
labyrinth, the medial part of the os petrosa, the os
sphenoidale occipital, the clivus, and the infratemporal
fossa(8).

Conditions altering the vascularity of the
bone like radiation, malignancy, osteoporosis,
osteopetrosis, and Paget’s disease predispose the
patient to osteomyelitis. Systemic diseases such as
diabetes, anemia, and malnutrition can cause a

concomitant alteration in host defenses and profoundly
influence the course of osteomyelitis(9).

Skull base osteomyelitis can be divided into
lateral SBO and central SBO. Lateral skull base
osteomyelitis was defined as osteomyelitis with an
auricular origin, in which the patients usually presented
with otologic symptoms such as purulent otorrhea and
severe otalgia. Lateral skull base osteomyelitis has been
discussed under various names, including malignant
otitis externa, necrotizing otitis externa, and
osteomyelitis of the mastoid. Central skull base
osteomyelitis has an unrelated auricular etiology. The
common causes of central SBO are radiation,
malignancy, and infection in the upper airway including
sinuses.

There remains a lack of clarity on the
presenting symptoms of this condition and a uniform
management algorithm. Lateral SBO is usually managed
by an otologist while central SBO is usually managed
by a rhinologist given the lack of otologic symptoms.
We present a case series on osteomyelitis, including
central and lateral skull base osteomyelitis, their signs
and symptoms, diagnosis, and treatment, and a
management algorithm. Ethical approval was provided
by the Khon Kaen University Ethics Committee
(HE591177).

Case Report
Case 1

A 65-year-old diabetic male was referred to
our hospital having experienced a chronic ear discharge
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for six months. The patient reported that water got into
his ear during shower before getting a greenish
discharge from his right ear and otalgia. He had no
history of otorrhea, and his blood sugar was well-
controlled.

Three months prior to presentation, he went
to the local primary hospital. The otolaryngologist
found a mass in his right external auditory canal.
Computed tomography (CT) of the temporal bone
revealed a right middle ear enhanced soft tissue density
lesion with a slightly lateral displacement of the right
ear ossicle and subtle bony erosion of the floor of the
middle ear. Topical antibiotics were given, but the
discharge continued to drain from his right ear.

On arrival at our hospital, he had no fever, his
blood pressure was slightly high (153/77 mmHg).
Otologic microscopy revealed aural polyps originating
from the superior part of the middle ear extending to
the external auditory canal. There was no pus discharge
and no evidence of cholesteatoma. A punch biopsy of
the aural polyps was performed, and otic steroid with
anti-infective preparation prescribed (viz., furaltadone,
polymyxin B, neomycin, fludrocortisone, and
lidocaine).

The pathological report showed submucosal
granulation, subacute inflammation, and fibrosis. At
one month, the aural polyps persisted, and the
patient continued to have otalgia. Systemic
ciprofloxacin antibiotic was added in conjunction with
an otic solution.

Two months after treatment, the patient
returned with persistent otalgia. On the otologic
microscopy examination, the aural polyps disappeared,
and the tympanic membrane was intact. We performed
a follow-up CT scan and found a soft tissue mass at
the right temporo-mandibular joint and nasopharynx
involving the middle ear with bony destruction. A
biopsy of the nasopharynx was performed. The
audiogram revealed right moderately-severe mixed
hearing loss.

Two weeks after biopsy, the pathological
report showed chronic inflammation. The patient
indicated that the ear pain was increased on the left
side. The audiogram revealed bilateral, moderately-
severe, mixed hearing loss. At this point, the patient
had diagnosed skull base osteomyelitis and was
admitted for intravenous antibiotics. A baseline gallium
scan was performed (Fig. 1).

In the ward, the patient was given intravenous
clindamycin and ceftazidime for 4 weeks. Adjunct
hyperbaric oxygen therapy was given 11 times. Fiber

optic endoscopy revealed a reduction in the area of
granulation tissue in the nasopharynx. After complete
treatment, the patient was symptom-free and discharged
with oral ciprofloxacin and clindamycin.

The oral antibiotics were given for 3 months.
A follow-up Gallium scan revealed resolution of the
osteomyelitis. The hearing level based on the
audiogram improved from moderately-severe to
moderate sensorineural hearing loss. No additional
complications were reported.

Case 2
A 40-year-old male presented with a swollen

left cheek and toothache that he had for two months.
Gum biopsy revealed an infected radicular cyst with
verrucous proliferation and mild a typia. His cheek
was still painful. Moreover, 2-cm diameter
lymphadenopathies were present on the left neck. He
underwent partial resection of the antero-inferior
portion of the maxilla with neck dissection. Pathology
reported chronic inflammation with squamous epithelial
hyperplasia, parakeratosis, fibrosis, and chronic
osteomyelitis with fibrosis on the maxillary specimen.
Lymph nodes revealed reactive hyperplasia.
Augmented penicillin was administrated after surgery.
One year later, the patient complained of left aural
fullness and nasal obstruction. Nasal endoscopy
revealed an ulcerative lesion anterior to the left
Eustachian tube and marked swelling of the mucosa on
the left nasal cavity. CT revealed fullness of the left
Rosenmuller fossa, and destruction of the body of the
sphenoid bone and pterygoid plate (Fig. 2).

Multiple sites biopsy were performed. All
specimens revealed marked chronic inflammation with
squamous hyperplasia at the sphenoid mucosa and

Fig. 1 Faint Ga-67 uptake at right petrous, right
mandibular condyle, and right TMJ. Physiologic
Ga-67 uptake at lacrimal glands, salivary glands.
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pterygoid plate. The patient received antibiotic and
hyperbaric oxygen therapy 20 times (2.4 ATA, 90
minutes) but the symptoms did not improve. He
continued to have pain with irregular nasal mucosa of
the left nasal cavity.  CT was requested for re-evaluation
and it showed an increase of ill-defined infiltrative
lesions at the bilateral ethmoid sinuses, sphenoid sinus,
left maxillary, nasal cavity, and bilateral orbital apex.
Bony destruction involved the nasal septum, pterygoid
plate, sphenoid bone, and middle cranial base on the
left side (Fig. 3).

The patient under went complete resection of
the left maxillary sinus for a definite diagnosis. The
pathologist reported verrucous carcinoma. A residual
tumor presented at the middle cranial base and was
considered a high-risk surgery because of potential for

morbidity and mortality, so radiotherapy was requested
since complete resection of the tumor at the cranial
base was not possible (Fig. 3). Unfortunately, the patient
was lost to follow-up and the radiotherapy was not
initiated.

Case 3
A 56-year-old diabetic male with hypertension

and chronic kidney disease presented with left ear pain
with discharge and headache for one month. The local
otolaryngologist requested a CT scan without contrast
(due to renal impairment) which revealed a left
nasopharyngeal mass. He had a swollen left ear canal
with pus discharge. Nasal endoscopy was performed,
and biopsy of the left nasopharyngeal mass was done
under local anesthesia. Oral ciprofloxacin and tramadol
for pain were given. The pathology was negative for
malignancy. The swelling of the ear canal improved
and the audiometry revealed normal hearing in the right
ear and moderate mixed hearing loss of the left ear (PTA
53 dB with type B tympanogram).

The patient came for a second biopsy under
general anesthesia during which he developed left facial
palsy (grade 5) before being admitted. Other cranial
nerves were intact, and the facial palsy was thought to
result from the invasiveness of a malignancy. The
pathology result, however, was negative for cancer.

Due to the high prevalence of nasopharyngeal
carcinoma in the region and possible submucosal
types of cancer, a second CT scan was requested to
evaluate the suspected tumor and to take a more
accurate biopsy by image-guided navigation. The
second CT scan revealed a mass at the bilateral
nasopharynx (left more than right). The lesion extended
to the left parapharyngeal space, left middle ear canal,
and C1/C2 joint space. Bony erosions were found at
the left petrous apex, the anterior portion of the clivus,
the greater wing of the left sphenoid bone, and the left
facial canal. No neck lymphadenopathies were found
(Fig. 5).

Another nasopharyngeal biopsy under
image guided navigation was performed. Soft, friable
tissue was observed with white mucoid pus seeping
from the biopsied tissue. The fluid was sent for culture
and the tissue for histopathology. The patient was
given empirical treatment of ceftazidime for necrotizing
otitis externa. The culture from the biopsied tissue came
back as Enterobacter spp. sensitive to cefotaxime,
ceftazidime, and ciprofloxacin but resistant to
amoxiclavulanate. The haemoculture was negative and
so was the fluid gram stain, acid fast bacilli (AFB) stain,

Fig. 2 CT scan showed the destruction of body of
sphenoid bone and pterygoid plate on left side.

Fig. 3 CT scan showed bone destruction involving nasal
septum, pterygoid plate, sphenoid bone, and middle
cranial base on left side.

Fig. 4 CT scan showed residual tumor with bony
destruction at left middle cranial.
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Fig. 5 CT scan showed bony erosion of left petrous apex,
anterior portion of clivus, greater wing of left
sphenoid bone and left facial canal.

Fig. 6 Gallium scan during treatment and after six weeks
of intravenous antibiotic treatment.

and modified AFB stain. A gallium scan was performed
(Fig. 6).

The histopathology indicated chronic
inflammation. The patient received morphine for severe
headache. After receiving ceftazidime for six weeks, a
gallium scan was repeated. Since improvement was
observed, he was discharged. Ten days later he had
right ear discharge with hearing loss and a perforated
tympanic membrane on the right. He refused re-
admission so oral ciprofloxacin was prescribed. The
right ear discharge decreased, but his hearing
deteriorated. After two months, he did not come for
follow-up. Data from the national house registry
revealed that he had died 10 months later. The exact
cause of death was not documented.

Discussion
An inadequately treated chronic infection of

the craniofacial region can cause a bony infection called
osteomyelitis. The bony infection is a severe form of
infection and needs aggressive intervention. After
treatment, patients are usually left with a scar and
deformity. Since the craniofacial skeleton is associated
with personal appearance, the management of
craniofacial osteomyelitis is challenging and must be
managed differently from other parts of the body. In
1760, Sir Percival Pott was the first surgeon to report
osteomyelitis of the frontal bone resulting in a swelling
on the forehead(10).

Osteomyelitis is defined as an inflammatory
condition of the bone that commences as an infection
of the medullary cavity, rapidly involving the Haversian
systems, and eventually involving the periosteum of
the infected areas(1). Invasion of bacteria into the
cancellous bone results in compression of blood
vessels secondary to inflammation and edema of the
marrow space.  Severe compromise of the blood supply
results in the development of ischemic and necrotic
bone(11). Immobility of the stagnant blood serves as a
critical nidus for the development of infection.

Diagnosis of SBO is usually difficult. The
common type is a severe form of necrotizing otitis
externa. Levenson’s criteria are used for diagnosis of
necrotizing otitis externa. The criteria include refractory
otitis externa, severe nocturnal otalgia, and purulent
otorrhea associated with Pseudomonas infection and
granulation of tissue in an immuno-compromised or
diabetic patient. Facial nerve palsy, swallowing
problems, and hoarseness may occur if the cranial nerve
is involved(12). Inflammatory change and granulation
are noted in the external ear canal. Pain is often

disproportional to the changes observable during
otoscopy. SBO should be considered in cases with
severe pain that do not respond well to medication or
present with cranial nerve palsy beyond the facial nerve.
In the central type, there may be no evidence of active
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otitis externa or granulation in the external ear canal.
Resolution seemed apparent several months before the
development of cranial nerve palsy and SBO(13,14).
Cardinal symptoms of central SBO include persistent
headache with or without neurological deficits. Cranial
nerves that are commonly involved include CN VI, IX,
X, and XI. SBO should be differentiated from
nasopharyngeal cancer, metastatic lesion, and chronic
granulomatous disorder.

ESR is usually elevated in SBO such that it is
useful for discriminating cancer and serves as a guide
when antibiotics are being considered as an
intervention. The normalization of ESR indicates
resolution of the infection.

Computed tomography findings may
demonstrate the bony erosion; however, Rowlands et
al(13) conducted an initial CT scan and failed to
demonstrate bony destruction. Seabold et al found no
CT evidence of bone erosion in 13 out of 35 patients
with biopsy-confirmed cranial osteomyelitis(15). The
bony erosion findings may also persist after the SBO
is inactive, so the use of CT for follow-up is not
recommended.

MRI and gallium bone scan are the standard
investigations for diagnosis and used to access the
severity and extent of SBO. Typical MRI findings
include marrow T1 hypointensity and T2
hyperintensity; although these are not specific(16,17).
In the central type, the involvement of clivus is
common. MRI is also a useful and reliable tool for
monitoring the response to treatment and evaluating
recurrence; however, gallium bone scan is best used to
delineate the transition from active to inactive SBO.

Skull base biopsy-including microbiological
analysis-is the essential investigation for diagnosis and
differential diagnosis in such patients. Although
Pseudomonas aeruginosa is the most common
pathogen in SBO, mucormycosis, and Aspergillus spp.
are also found especially in the central type(18,19).

The treatment of choice in SBO is intravenous
antibiotics. Oral antibiotics-such as ciprofloxacin-can
be used in a few cases with minor symptoms. SBO
should be treated with antibiotics for at least 6 weeks
because bone tissue uptake of antibiotics is a function
of vascularity, small vessel disease-especially among
diabetics-further compromises antibiotic uptake and
tissue distribution(12,20,21).

Hyperbaric oxygen may play a role in the
management of chronic, refractory SBO(22,23); however,
a Cochrane review concluded that not enough data are
available to provide recommendations(24). The role of

surgery is confined to biopsy and possible drainage
when an associated abscess is present(5).

Early diagnosis and early management with
effective antibiotic therapy may result in resolution of
cranial nerve palsy albeit slow. Unfortunately,
permanent neurological sequelae and mortality are
consequences of delayed diagnosis and treatment.

Conclusion
We presented a subgroup of patients with

craniofacial osteomyelitis at the skull base. Clinical
symptoms of persistent discharge from natural orifices
and severe pain combined with imaging evidence of
osteolytic lesion are serious signs of potential
craniofacial osteomyelitis. Empirical treatment with
antibiotics should be started immediately to minimize
morbidity and mortality.

What is already known on this topic?
Craniofacial osteomyelitis is a bony infection

of the craniofacial skeleton.
Skull base osteomyelitis is a subset of

craniofacial osteomyelitis.
Inadequately treated sufferers of craniofacial

osteomyelitis can result in disfigurement.

What this study adds?
Clinical symptoms of persistent discharge from

natural orifices and severe pain combined with the
imaging evidence of osteolytic lesions are signs of
craniofacial osteomyelitis.

Empirical treatment with antibiotics should be
started immediately to minimize morbidity and mortality.
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