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A Comprehensive Review of Skull Base Osteomyelitis: Diagnostic and

Therapeutic Challenges among Various Presentations

Abstract

Skull base osteomyelitis (SBO) is a complex and fatal clinical entity that is often misdiagnosed
for malignancy. SBO is commonly a direct complication of otogenic, sinogenic, odontogenic, and
rhinogenic infections and can present as central, atypical, or pediatric clival SBO. This review
describes the clinical profi le, investigational approach, and management techniques for these
variants. A comprehensive literature review was performed in PubMed, MEDLINE, Research
Gate, EMBASE, Wiley Online Library, and various Neurosurgical and Neurology journals with the
keywords including: SBO, central or atypical SBO, fungal osteomyelitis, malignant otitis externa,
temporal bone osteomyelitis, and clival osteomyelitis. Each manuscript’s reference list was reviewed
for potentially relevant articles. The search yielded a total of 153 articles. It was found that with
early and aggressive culture guided long-term intravenous broad-spectrum antibiotic therapy
decreases post-infection complications. In cases of widespread soft tissue involvement, an early
aggressive surgical removal of infectious sequestra with preferentially Hyperbaric Oxygen (HBO)
therapy is associated with better prognosis of disease, less neurologic sequelae and mortality rate.
Complete resolution of the SBO cases may take several months. Since early treatment can improve
mortality rates, it is paramount that the reporting radiologists and treating clinicians are aware of
the cardinal diagnostic signs to improve clinical outcomes of the disease. It will decrease delayed
diagnosis and under treatment of the condition. However, due to rarity of the condition, complete
prognostic factors have not fully been analyzed and discussed in the literature.

Keywords: Central skull base osteomyelitis, clival osteomyelitis, fungal osteomyelitis, malignant
ostitis externa, pediatric osteomyelitis, skull base osteomyelitis, temproal bone osteomyelitis

is a complication of paranasal sinusitis.[**]
In 1959, Meltzer and Keleman described
skull-base  osteomyelitis  (SBO) in
patients with pyocyaneous chondritis and
osteomyelitis of the external auditory
canal (EAC).l""

Introduction

Nelton was the first to introduce the term
“osteomyelitis” in 1844; Wilensky, in 1934,
endorsed that term.'?! A century earlier,
John Hunter had already recognized the
mechanism of sequestrum formation by
describing it as a pocket of dead cortical
bone with an abscess.’) In 1773, William
Bromfield described the clinical picture
of acute hematogenous osteomyelitis and
termed the disease “abcessus in medulla.”

In the past few decades, extensive changes
have been made in the clinical course and
management of SBO. These changes were
attributed to improvements in neurosurgical
procedures, diagnostic modalities, and
the introduction of new antibiotics and
management techniques. Despite these
advancements, SBO remains a great
challenge, due to its increasing prevalence
and high mortality rate.l'"""”! In this
review article, the epidemiology, clinical
course, and diagnostic and therapeutic
challenges for the management of SBO
are examined. The aim of this review is
to increase physician awareness of SBO
by highlighting its clinical features and
diagnostic modalities and emphasizing the
potentially devastating complications.

In 1775, cranial osteomyelitis was first
explained by surgeon Percival Pott as a
collection of pus under the pericranium.
Dr. Pott reported cranial osteomyelitis
as a consequence of forehead trauma
(bone contusion) and extradural
hemorrhage.’)!” One hundred years later,
Lannelongue and Fischer determined that
the etiology of inflammation of the skull
bones is due to infectious dissemination
from neighboring tissues. In 1889, Luc and
Tilley reported that cranial osteomyelitis
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Materials and Methods

A comprehensive search of the published literature was
conducted in PubMed, MEDLINE, Wiley Online Library,
Research Gate, EMBASE, Science Direct, Elsevier,
Cambridge Journals, Cerebral Cortex, SAGE Journals,
Oxford Journals, BMC Medicine, International Review of
Neuroscience, JAMA Neurology, Journal of Neurosurgery,
World Neurosurgery, Surgical Neurology International,
Journal of Clinical Neuroscience, Journal of Neurology,
Neurosurgery, and Psychiatry, Journal of Neuropathology
and Experimental Neurology, European Journal of
Neurology, Experimental Neurology, Annals of Neurology,
and Journal of the Neurological Sciences. Cross-checking
of references led to the identification of additional relevant
references. Any controversies or disagreements regarding
whether to include or exclude articles or extract data were
resolved through discussion and consensus. Keywords for
the search included skull base osteomyelitis (SBO), central
SBO, fungal osteomyelitis, malignant otitis externa (MOE),
temporal bone osteomyelitis, occipital bone osteomyelitis,
and clival osteomyelitis. No date restrictions were used.
Articles that primarily focused on SBO were included in
the study. Articles with high possibility of bias and with
blurred/mixed and confusing data were excluded from the
study.

Results

A total of 153 articles were shortlisted, based on their
relevance to SBO and its different variants [Figure 1].
We reviewed the literature to evaluate the challenges of
diagnostic modalities and therapeutic techniques among
SBO variants. Due to the rarity of the disease, it is a
challenge for physicians to recognize the clinical features
of SBO and maintain a high index of suspicion toward
the disease. Our review suggests that early and aggressive
culture guided long-term intravenous broad-spectrum
antibiotic therapy decreases postinfection complications.
In the case of widespread soft-tissue involvement, early
aggressive surgical removal of infectious sequestra with
hyperbaric oxygen (HBO) therapy is associated with better
prognosis, fewer neurologic sequelae, and a lower mortality

rate. However, treatment may be required for several
months before complete resolution. In addition, imaging
studies can misinterpret SBO as a malignancy. Therefore,
consideration of this diagnosis, both radiologically
and clinically, is preferable to biopsy, as biopsy delays
treatment.

Discussion

By definition, osteomyelitis is an inflammatory process of
bone, primarily caused by pyogenic organisms, which can
either involve just one or multiple parts of a bone, such as
the cortex, periosteum, bone marrow, and the surrounding
soft tissues.'! Osteomyelitis can affect any bone of the
body, but most commonly the long bones, such as the
tibia and fibula.l'>!¥) Cranial osteomyelitis is a rare clinical
entity that can involve either the cranial vault or the base
of skull.l'!13]

Epidemiology and risk factors for cranial osteomyelitis

After the development of antibiotics, cranial osteomyelitis
became a rare event. However, the use of antibiotics has
not resulted in complete eradication of cranial osteomyelitis
in developed and underdeveloped nations.'>!3151  In
developing countries with limited access to antibiotics, the
most common causes of cranial osteomyelitis are paranasal
sinuses, direct head injuries, and scalp infections. In
developed nations, postoperative craniotomy infections are
the predominant source.['>!821]

In a 10-year retrospective study spanning from 1994
to 2004, 84 cases of osteomyelitis involving the head
and neck were observed.'” Of the 84 cases, 24 required
a cranial vault, 20 cases of frontal bone osteomyelitis
involved chronic sinusitis, and 4 cases of temporal bone
osteomyelitis occurred secondary to MOE.!'?! There
was a 1.7:1 male-to-female ratio, with an age range
of 15-70 years.'” However, according to two recent
studies, the overall incidence rate of cranial osteomyelitis
is reportedly higher in developing countries, with
Tanzania reporting 12.7% and South Africa reporting
6.7%.2231 Furthermore, it is estimated that the incidence
of cranial vault tuberculosis ranges from 0.2%-1.3% of

Skull Base Osteomyelitis:

Pathogens:

Bone involved: Frontal , Sphenoidal, Temporal and Occipital.

Bacteria: Pseudomonas aeruginosa, Staph. Aureus, Staph. Epider-
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Figure 1: Skull base osteomyelitis and its variants
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all cases of skeletal tuberculosis.*”! The most important
risk factor for cranial osteomyelitis with frontal bone
involvement is frontal sinusitis, especially in children and
adolescents.['*172526] In addition to the frontal sinus, any
paranasal sinus, such as orbital, oral, or dental, infections
impose a significant risk of cranial osteomyelitis.*2

At present, SBO is still a rare event and mainly
involves the temporal bone and the sphenoidal bone.
SBO commonly occurs as a complication of MOE and
chronic mastoid infections or secondary to sphenoidal
sinusitis.”>3!1 MOE primarily affects the temporal bone
and is the most frequent cause of SBO.BU A large study
at the University of California Irvine from 1990 to 2000
reported a male-to-female ratio of 1:1 in 820 patients with
SBO.BF? The researchers reported the overall incidence
of SBO as 69.3% in whites, 13.2% in Native Americans,
6.5% in African Americans, and 2.9% in Asians.*?!

A new, rare clinical entity, central or atypical SBO may begin
with otitis externa.’** Central or atypical SBO primarily
affects the sphenoidal bone and the occipital bone; the latter
is often affected around the clivus bone.**¥? A review of
case study series from 1946 to 2013 revealed 42 cases of
central or atypical SBO unrelated to ear infection, with a
mean age of 52 years and a male-to-female ratio of 2.2: 1.5%

Surgical site infections (SSIs) are infections that
occur in the wound, secondary to an invasive surgical
procedure. Erman et al. estimated that the frequency
of SSIs after a clean neurosurgical procedure in
randomized controlled trials would be 4.0% to 12.0%
without prophylactic antibiotics and 0.3% to 3.0% with
prophylactic antibiotics.?®) There are no available data
related to prevalence and correlation of specific risk
factors with iatrogenic cranial osteomyelitis.[***¥ However,
procedure-related risk factors were reported as the
strongest predictors of SSIs.’73%1 These risk factors often
include longer operation time, craniotomy, dural substitute,
CSF leak, and staples in wound closure.?7*°! Furthermore,
prolonged initial hospitalizations and readmissions are
significantly associated with SSIs.F73%

Many cases of cranial osteomyelitis have been reported
from posttraumatic injuries secondary to minor scalp
wounds such as human bites, scalp wound/laceration,
and needle insertions.[”#411  Other direct injuries
causing cranial osteomyelitis include cephalohematoma
infection (particularly after vacuum extraction), craniofacial
injuries, penetrating craniocerebral injury, traumatic scalp
hematoma, and contaminated war wounds.[*>#7]

In addition to the above-mentioned -etiologic factors,
cranial osteomyelitis is influenced by systemic diseases
that decrease bone vascularity, the course of illness, and
alter the host defense mechanism.['>224-58 The causative
infections and predisposing comorbidities are summarized
in Table 1.

Table 1: The main routes of infection and systemic
comorbid conditions in cranial osteomyelitis
Routes of infection and their causes

Systemic co-morbid
conditions

Renal failure Contiguous spread from local infection

Hepatic failure Chronic mastoiditis
Diabetes mellitus Paranasal sinus infections

Nutritional imbalance Chronic suppurative otitis media

from Obesity and Malignant otitis externa

Inutriti . .
malnutrition Odontogenic Infections
Chronic hypoxia

Spontaneous scalp infections
Direct Inoculation from latrogenic or
post-traumatic Conditions:

Immuno-compromised
state

Malignancy Neurosurgical site infections

Small vessel disease Following cranioplasty

Post-radiation Following post-mastoidectomy

exposure e
o ) Post-craniofacial injuries
steoporosis .
P ) Cephalohematomas following
Osteopetrosis vacuum extraction

Paget’s disease of

Penetrating scalp wound and
bones

laceration

Advanced/old age Contaminated war wounds

Smoking/Tobacco use Hematogenous dissemination from

Extended hospital stay remote source of infections:
Lung infectios
Spine infections
Peripheral arthritis
Meningitis

Cryptogenic

Skull base osteomyelitis and its variants

Examining the pathophysiology and neurological
manifestations, along with a reevaluation of diagnostic
modalities and therapeutic techniques among different
variants of SBO, will allow us to understand the scope of
the disease.

Skull base osteomyelitis
Association of skull base osteomyelitis with infections

SBO is an uncommon clinical entity that can
lead to  significant  functional — morbidity  and
mortality.>>*1 Toulmouche was the first to describe
progressive osteomyelitis of temporal bone in 1838.1°! In
1959, Meltzer and Keleman described the association of
osteomyelitis of EAC and temporal bone with otitis externa
caused by Pseudomonas aeruginosa in a patient with
poorly controlled diabetes mellitus.'”) In 1968, Chandler
introduced the term “MOE,” along with a comprehensive
description of a case series from 1968 to 197411661

Many studies in the past few decades have represented
MOE secondary to P aeruginosa infection as a
leading cause of SBO.!*® In 90%-98% of SBO cases,
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P, aeruginosa is the main cause.[” Other infections causing
SBO include paranasal sinusitis, chronic mastoiditis,
suppurative otitis media, and odontogenic infections.[®*64
Bacteremia or fungemia may also be responsible for SBO,
typically in immunocompromised patients, such as those
who have prolonged neutropenia, leukemia, corticosteroid
use, critical illness in Intensive Care Unit, undergone
chemotherapy, acquired immunodeficiency syndrome, and
diabetes mellitus.[®!

Other bacteria have been known to cause SBO in both
immunocompetent and immunosuppressed individuals.
These  bacteria  include  Staphylococcus  aureus,
Staphylococcus  epidermidis, Salmonella spp., Proteus
spp., nontuberculous Mycobacterium spp., Treponema
pallidum, and Klebsiella spp.’**! Fungi, such as Candida
ciferri, Candida parapsilosis, Cryptococcus neoformans,
Aspergillus spp., Blastomycosis, and Mucormycosis, can
also cause SBO.P%-%1 Agpergillus is the most common
fungal cause of SBO in both immunosuppressed and
immunocompetent patients.[’”

SBO commonly involves the temporal bone at the base
of the skull.”” Mucormycosis is another common fungus
known to infiltrate the sinonasal, orbital, and deep
facial soft tissues before involving the head bones.[’!7
These infections can occur through the hematogenous or
contiguous spread of sinus and ear infections, or by direct
inoculation through trauma or surgery.[**7'7*7% A very high
index of suspicion and recognition of clinical features of
each organism are required for the early diagnosis and the
aggressive treatment of these conditions.

Pathophysiology

Despite new investigational modalities and multiple
research studies, the exact pathogenesis of SBO is
unknown. Most cases have been reported in elderly
diabetic or immunocompromised patients. These conditions
may produce an alkaline pH in the cerumen, diminished
immune response (impaired phagocytosis, poor leukocytic
response, and impaired intracellular digestion of bacteria),
hypoperfusion, and microangiopathy, which predispose
the patient to SBO.'" Water irrigation for cerumen
disimpaction is another implicating event that increases
the susceptibility to Pseudomonas infection in elderly
diabetic patients by making the ear wax less acidic with
lower lysozyme contents.'] MOE can spread from the
EAC to the skull base through the fissures of Santorini
and the osseocartilaginous junction of the EAC.*7
This progressive spread of infection to the skull base
foramina may lead to cranial neuropathies, along with the
involvement of the parotid gland and temporomandibular
joint if spread to the anterior portion of the skull base.”8!
The inferomedial spread leads to the participation of the
carotid artery and the jugular bulb. The posterior spread
affects the sigmoid sinus."®®! In advanced untreated
disease, multiple abscesses and pneumatized trabeculated

bone may occur.®? The infection can also spread to the
contralateral side and involve the cervical spine.[]

Clinical features

Prasad et al. characterized SBO into lateral and medial
temporal bone osteomyelitis. Lateral temporal involves
the mastoid and the middle ear cleft. Medial temporal
involves the petrous apex of temporal bone.’?! Lateral
temporal bone osteomyelitis is predominantly caused by
MOE, acute mastoiditis, and suppurative otitis media,
while medial temporal bone osteomyelitis is caused
predominantly by MOE and also by sphenoid sinusitis and
skull base infections.® The bones involved in SBO include
the temporal bone, sphenoid bone, occipital bone, and
sometimes the frontal bones.’*$%1 SBO typically presents
with severe and profound otalgia due to the involvement
of temporal, parietal, postauricular and retro-orbital areas,
spiking a fever, aural fullness, and foul purulent otorrhea.’
In some patients, SBO shows atypical presentation with
unremitting headaches in the absence of localized ear and
sinus infection and usually poses a diagnostic challenge.
The infection can lead to early cranial neuropathies,
commonly abducens palsy, due to the extension of the
infectious process to the brainstem, if not treated or
diagnosed promptly.©”

Patients with MOE usually complain of otalgia that
is out of proportion and is also worse at night. Other
symptoms include conductive deafness, headache, and
temporomandibular joint pain.””! The cardinal signs on
examination include woody induration of pinna, preauricular
cellulitis, and tender EAC with granulation tissue.[®8687
The involvement of the mastoid bone with granulation
tissue and cutaneous fistula may occur at late stages of
infection.”3¢) The diagnostic criteria set forth by Cohen and
Friedman include pain, exudates, edema, and granulation
tissue of EAC and positive technetium 99 m (Tc99 m)
scan.’” However, presentation of SBO with frontal bone
involvement can include fever, frontal headache, frontal
edema, retro-orbital pain, photophobia, purulent rhinorrhea,
seizures, and focal neurological signs.'>8”°!1 Undiagnosed
SBO with frontal lobe involvement is characterized by
progressive frontal headaches with decreased mentation,
sinocutaneous fistulas, and infectious complications, such
as meningitis and extradural, subdural or intraparenchymal
abscess, with significant morbidity and mortality.[73-911

Cranial nerve involvement commonly occurs in SBO as the
disease progresses. The facial nerve is the most common
and first cranial nerve involved when the infection spreads
subtemporally at the stylomastoid foramen.’*” With
further posteromedial spread, cranial nerves IX, X, and
XI may be affected, with jugular foramen involvement.'®
Cranial nerves V and VI are affected when the petrous
apex is involved.”® Despite complete treatment, the facial
nerve does not always recover and should not be used as
an indicator of clinical improvement, whereas the other
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cranial nerves have good rates of recovery.?*™ Early and
aggressive antibiotic therapy has been shown to decrease
the incidence of cranial nerve palsy.’*”® Untreated SBO
may lead to meningitis, brain parenchymal involvement,
abscess formation (intracranial empyema), and venous
sinus thrombosis.’*¥ These complications are commonly
fatal and reflect the severity of the disease.

Investigational modalities

Diagnosis of SBO can be based on particular findings of
the history, physical examination, the laboratory results,
radiological evidence of infection, and isolation and
identification of pathogens at the site of infection. In
suspected individuals, every effort should be made for early
diagnosis to prevent central nervous system complications.
Laboratory investigations usually illustrate a mild elevation
of erythrocyte sedimentation rate (ESR), C-reactive
protein, and leukocyte counts.”’'’ In some cases, biopsy
with histopathology and microbiology are necessary to rule
out malignant disease.’>%? Repeated biopsy and cultures
may be required in those cases in which the first culture
result is negative or to rule out an occult malignancy in
patients who have persistent disease despite the appropriate
antibiotic therapy.’>™ For fungal pathogens, silver stain on
histological sections may identify organisms.B>7]

Imaging studies are generally used for early diagnosis and
to establish the location and extension of infection. These
imaging modalities include computed tomography (CT),
magnetic  resonance  imaging (MRI), gallium-67
scintigraphy, Indium-111 (In-111) white blood cell (WBC)
scan, and Tc99 m MDP bone single-photon emission
CT (SPECT) scintigraphy.[”**" Although the CT scan is
sensitive to bone erosion or periosteal remodeling, it is a
poor choice for SBO to represent an intracranial extension,
bone marrow involvement, and to measure treatment
response.”**1 Bone SPECT scintigraphy and MRI are
superior to CT scans for detecting early SBO.’** MRI
is also more sensitive in determining the extent of the
disease.”**! Tc99 m methylene diphosphonate (MDP) bone
scintigraphy lacks specificity to correlate with the increased
osteoblastic activity seen in inflammatory, neoplastic, and
postsurgical conditions.”” In-111 WBC bone scintigraphy
is useful for the anatomic localization of lesions, especially
in the skull base,®®* and can be used to assess for active
SBO after treatment.”®'% Studies have shown that MRI,
In-111, and WBC bone SPECT are the most sensitive
techniques for detecting SBO in patients with previous
skull base surgery.’**! Gallium-67 citrate scintigraphy
and ESR titer can assess treatment response and evaluate
recurrence and prognosis, as both of these markers rapidly
revert to normal with disease resolution.t®96°7]

Strumas et al. studied a method for multimodality image
registration (fused standard CT and SPECT images) for
the accurate localization of osteomyelitis in clinically
challenging patients.'®! The researchers identified that the

fused multimodality image technique guides the need for
surgical management and limits unnecessary dissection
and excessive debridement.l'”! In recent years, imaging
modalities have gained importance in early diagnosis. It
is important that the reporting radiologist and physician
are aware of detecting early improvements on radiologic
images. Sometimes, these changes significantly lag behind
a satisfactory clinical improvement and lead to premature
discontinuation of antibiotic therapy, causing refractory and
chronic osteomyelitis.['

Treatment techniques

The mainstay treatment for SBO includes a course of
culture-guided long-term intravenous broad-spectrum
antibiotic therapy.l'"” In cases of widespread soft-tissue
involvement, early aggressive surgical removal of
infectious sequestra is required.'® With early treatment,
SBO can take several months before a complete resolution
is achieved.’?$19210]1 Early intervention can lead to a
better prognosis, fewer neurologic sequelae, and a lower
mortality rate.[$2831021031 Strict glycemic control in diabetic
patients and improvements in the immune status of
immunocompromised patients also play vital roles in the
successful resolution of SBO.[$285.102.103]

For Dbacterial or fungal SBO, 3-6 months of
culture-directed antimicrobial therapy remains a general
protocol 882851021031 For bacterial SBO, these antimicrobial
therapies include aminoglycoside and a [-lactamase
antibiotic, a third-generation cephalosporin, or an oral
quinolone ciprofloxacin.$2831021031 For fungal SBO, the use
of high-dose amphotericin B is recommended.*® However,
the alternative treatment for fungal SBO includes liposomal
amphotericin B, a new lipid formulation with lower
toxicity, and equal efficacy to amphotericin B.¥

Tissue hypoperfusion and hypoxia may lead to treatment
failures in both bacterial and fungal SBO.B>1%1 In these
cases, HBO therapy is a recent treatment technique that
improves tissue oxygen contents and host defenses.?!-104105]
It leads to increased oxygen tension at the site of
infection, enhances the oxidative killing of pathogens, and
promotes angioneogenesis and osteoneogenesis.[!104103]
HBO therapy is a useful adjunct to antibiotics and surgical
therapies and plays a vital role in the management of
chronic, refractory SBO. Daily HBO therapy for several
weeks is recommended. The reported side effects are
oxygen toxicity, barotrauma, and tympanic membrane
perforation.[1%4

In terms of surgical treatment, there are various standard
skull base approaches available for the removal of
involved bones. These techniques require special care
for the type of procedure and the appropriate timing of
surgery. Although early aggressive treatment could result
in a deforming procedure that might not be required,
delayed treatment of progressive disease may lead to
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unnecessary morbidity and mortality.®%1°)  Surgical
procedures may involve debridement of necrotic tissue,
bone biopsy and culture, handling of the dead space
after surgery, and when required, bone stabilization.
[8587.88.89.102.1031  With MOE, the EAC may need local
debridement of granulation tissue and bone sequestration;
in some cases, if disecase extensively involves EAC,
extensive meatoplasty is required.®!! Due to the variety of
antibiotics available, the role of surgery is often limited
to biopsy and drainage of associated abscesses. However,
aggressive surgical debridement is recommended in
fungal SBO.U71%! Prompt, appropriate treatment leads to
normalization of neurological deficits, early resolution of

associated symptoms, and improvements on radiographic
imaging.[77,78,85,87,90-92,]02,103,]06]

The management of SBO in immunosuppressed patients
requires a multidimensional approach. This approach
includes wide surgical debridement with prolonged
parenteral antimicrobial therapy and HBO therapy in
refractory and chronic patients. Management of SBO
also requires control of underlying comorbid factors
such as aggressive glycemic control in diabetes and
improvements in immune status in immunocompromised
patients.!'>197-11%1 Treatment in immunosuppressed patients
includes intravenous administration of a combination
of antimicrobial therapies such as ciprofloxacin and
ceftazidime.['':112]

Data suggested that the intravenous administration of a
combination of antimicrobial agents has better mortality
benefits than does the single agent used in the treatment
of Pseudomonas bacteremia in AIDS patients.[''” However,
third-generation cephalosporins and quinolones are also
the drugs of choice in the treatment of bacterial infections
in immunosuppressed patients.'' Despite its systemic
toxicity, amphotericin B is the treatment of choice for
fungal SBO in immunosuppressed patients.'® To lower the
toxicity without sacrificing efficacy of amphotericin B, a
new lipid formation, liposomal amphotericin B, and gamma
interferon are new alternative options.l'”!4 Given the
rarity of fungal SBO, clinical suspicion should be high
after a failure of antibacterial therapy in patients who have
classic signs and symptoms with negative cultures, or in
patients who initially responded to antimicrobial therapy,
but later experienced recrudescence.®

Central or atypical skull base osteomyelitis

Recently, researchers have defined central or atypical SBO
as conditions unrelated to otologic pathology. At times,
central or atypical SBO has been confused with “simple”
MOE. In this review, we will focus on central or atypical
SBO of otogenic, sinogenic, or rhinogenic origin.

Pathophysiology

Central or atypical SBO is an uncommon condition
that is significantly associated with high mortality and

Figure 2: Axial computed tomography images following intravenous
contrast administration (a) Soft-tissue window settings demonstrate the
fullness of the posterior nasal space and posterior nasopharynx with
abnormal soft tissue along the course of the Eustachian tube (red arrow).
(b) Bone window settings demonstrate opacification of mastoid air cells
on the left with erosive bone loss involving the inferior petrous bone. Loss
of clarity of the cortical outline of the basisphenoid (green arrows) and the
proximity to the carotid vessel can be noted

morbidity.[*!11 The incidence of pyogenic osteomyelitis
has recently increased, especially in the aging population,
patients with diabetes, immunocompromised patients, and
intravenous drug abusers.B36+107115-181 Delayed  diagnosis,
undertreatment, nonresponsiveness to antimicrobial therapy,
and anaerobic infections in immunocompromised patients
are significantly associated with central or atypical SBO.
Partial or undertreatment of central or atypical SBO is also
responsible for relapses; however, bilateral or contralateral
SBO is very rare,[6487:11%-121]

Central or atypical SBO involves the sphenoid bone
and occipital bone; the latter is often affected around the
clivus bone [Figures 2 and 3]. The clivus forms a shallow
depression and is located between the foramen magnum
and dorsum sellae. It is the synchondrosis that later ossifies
anteriorly to form the basisphenoid and the basil occiput,
posteriorly.'??! This part neighbors with the prevertebral
space and becomes connected to vertebral bodies, disc
spaces, and the epidural space of the cervical and upper
thoracic spine.l'?! The prevertebral space is a compartment
that spreads from the clival epidural space to the fourth
thoracic vertebra and links the base of skull with the
posterior mediastinum. 24

Pathologically, central or atypical SBO wusually occurs
due to direct spread of an infectious process involving
the paranasal sinuses, EAC, mastoid, middle ear, or oral
cavity. This infection has also been reported independently,
without any history of infection. Those noninfectious
causes are infrequent and can occur secondary to trauma or
illness.[*!1117 Numerous pathogens, such as Streptococcus,
Pneumonia, Pseudomonas, Streptococcus spp., S. aureus,
and less commonly, fungal or mixed bacterial infections,
have been recognized.'?'%! Aspergillus and Candida
are reportedly the most common fungal pathogens for
central or atypical SBO.P® The exact pathophysiology
of central or atypical SBO involving the clivus remains
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Figure 3: (a) Contrast-enhanced computed tomography of the skull base shows
erosion of the anterior cortex of the left occipital condyle (yellow arrows),
anterior displacement of the left internal carotid artery (orange arrow).
A normal right internal jugular vein is visible (purple arrow), whereas the
left internal jugular vein is completely occluded. (b) Magnetic resonance
imaging of the skull base shows pathological contrast enhancement in the
clivus extending into the soft tissues surrounding the left internal carotid
artery (blue arrow) and jugular foramen (green arrow). There is thickening
and enhancement of the clival dura (red arrows)

poorly understood. In addition, there is much controversy
surrounding the etiology and management of central or
atypical SBO and its complications.

Clinical features

The clinical presentation of central or atypical SBO
differs from patient to patient, depending on the
involvement of structures and the extent of the disease.
If the lesion extends superiorly into the sphenoid bone,
it can lead to the erosion of floor of the sella turcica,
with extension into the cavernous sinus. Headaches,
atypical facial pain, and cranial nerve palsies are the
common signs and symptoms at the time of initial
presentation.®>* Conversely, an inferior extension of
the lesion can involve the prevertebral region Occipito-
atlantoaxial junction up to the fourth cervical vertebrae.
Persistent fever, neck pain, focal pain, and tenderness
in the suboccipital area may also be present. In later
stages, central or atypical SBO might lead to hemiplegia
and quadriparesis, dyspnea, and apnea with the inferior
extension of the lesion.[**!2>1271 Extensive disease may
lead to serious complications including dural sinus
thrombosis, such as thrombosis of sigmoid sinus,
cavernous sinus and internal jugular vein, jugular
foramen syndrome, meningitis, brain abscess, or cervical
epidural abscess [Figure 3a].B-64123-129]

In contrast to the neurology literature recommendations
toward anticoagulation therapy for sigmoid sinus
thrombosis due to neoplasm, hypercoagulable state,
trauma, or autoimmune disorder,!%1331 most otolaryngology
recommendations ~ suggest avoiding  anticoagulation,
especially when there is a lack of specific neurological
findings.!'*¥! In this antibiotic era, complications associated
with central or atypical SBO are relatively rare; however,
their presentations are subtle and require a very high index
of suspicion. Furthermore, valid data on the etiology and the
management of these complications are lacking.3%64123-129)

Investigational modalities

Diagnostic modalities include laboratory work, tissue
sampling, and imaging studies. Occasionally, central or
atypical SBO does not manifest the characteristic signs
of infection, i.e., fever, leukocytosis, elevated ESR, and
positive blood cultures.'?” In such cases, tissue sampling
is often required for conclusive diagnosis because imaging
studies are nonspecific for central or atypical SBO.P¥ Tissue
sampling can be done by CT-guided fine-needle aspiration,
endoscopic sphenoidotomy, or open craniotomy.®¥ Due to
the low-grade chronic infection with less pathogen burden
within the clival bone or preclival soft tissues, biopsies
can yield false-negative results. Under those conditions,
MR-guided biopsy may be useful.['33]

Imaging studies of central or atypical SBO in the setting of
widespread disease are best accomplished with MRI, which
has an advantage over CT scan. MRI is best for evaluating
the extent of soft-tissue changes and assessing the bone
marrow. It is also useful for the detection of osteomyelitis,
particularly, at the skull base.’® Clival marrow and
preclival soft-tissue abnormalities are the customary
findings on MRI studies [Figure 3b]. It is poorly understood
whether these changes in preclival soft tissue are due to
direct extension of an infection from the sphenoid sinus
or the extension from the clivus itself.5*!*¢37 Numerous
granulomatous diseases and other inflammatory conditions,
such as Wegener granulomatosis, tuberculosis, sarcoidosis,
fibrous dysplasia, and Paget’s disease of bone, may mimic
the findings of central or atypical SBO on imaging studies
and must also be ruled out before an accurate diagnosis is
made.B3364

Treatment techniques

The management of central or atypical SBO entails
long-term antimicrobial therapy. Debridement may
be required in a significant group of patients. In
recently diagnosed central or atypical SBO cases,
620 weeks of broad-spectrum antimicrobial agents
are recommended.*>37%! Johnson and Batra estimated
that approximately 55% of patients required aggressive
parenteral antimicrobial agents over a mean period of
6.9 weeks.’ Although diabetes increases susceptibility to
infection and causes microangiopathy, there is no evidence
of an association between diabetes and longer duration
of antimicrobial therapy.®*! Given the high vulnerability
to polymicrobial infection, multiple broad-spectrum
antimicrobial therapies should be started as soon as
possible, until the microbiology and histopathology
studies become available. Due to the high prevalence of
P aeruginosa, double coverage is required.

Earlier, intravenous antipseudomonal penicillins and
aminoglycosides were commonly used.”® However,
recent data establish carbapenems and ciprofloxacin as
appropriate adjunctive therapy.'*® Empiric therapy with
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vancomycin is required for adequate Methicillin-resistant
S. aureus (MRSA) coverage.”™ Johnson and Batra
reported that broad-spectrum antifungal coverage must be
considered in refractory cases in the setting of appropriate
empiric antibiotics. However, empiric antifungal therapy
has not been suggested in the literature.®> HBO therapy
has long been suggested to improve treatment and
reduce morbidity and mortality.5%'**? However, several
discrepancies have been reported due to the limited amount
of analyzable data; future studies are needed to overcome
current limitations.%13

There are several arguments regarding the role of surgical
management in central or atypical SBO. The available
literature has not demonstrated the effectiveness of surgery
or the required duration of antimicrobial treatment.['38140]
The aggressive surgical debridement of affected tissues
may still be considered as an important adjunctive therapy
for the treatment of central or atypical SBO.[3¥14% The local
debridement of devitalized tissues will help to decrease
the infectious and inflammatory load while improving the
availability of antimicrobial agents to the affected region.
However, concrete guidelines for surgical treatment are not
available.B

Pediatric clival osteomyelitis

Clival osteomyelitis is a very rare condition that affects
children [Figure 4]. The clivus is usually involved in
many pathogenic processes such as primary or metastatic
neoplasm and vascular and infectious diseases.['3”141]
Studies have shown that this condition generally occurs
secondary to the direct spread of an infection from
contiguous structures, involving the paranasal sinuses,
or the adjacent bones of the base of skull, especially the
posterior ethmoid and sphenoid bones.?%!421431 There are
little data to determine the origin of the infectious process.

Some case studies have reported a link between clival
osteomyelitis and different pathogens, such as Enterococcus
faecium and MRSA, and an anaerobe, Fusobacterium
necrophorum. %4141 Recently, researchers proposed that
this infection could be spread through the fossa navicularis

Figure 4: A contrast-enhanced computed tomography scan (a) axial
and (b) sagittal views in a child with pediatric clival osteomyelitis
demonstrates destruction within the anterior aspect of the clivus bone
(red and green arrows in a and b) posterior to the spheno-occipital
synchondrosis (orange arrow) associated with anterior soft-tissue
prominence extending close to the cephalic most portion of the adenoids
along with some prevertebral soft-tissue thickening (blue arrows)

magna from the lymphatic tissue in the pharynx to the
skull base, usually in patients with retropharyngeal
abscess.['43143146] The lymphoid tissue of the pharyngeal tonsil
and the presence of emissary veins in the fossa navicularis
functioned as a potential route of infection spread and led
to clival osteomyelitis.[1**!143146] Rusconi et al. reported clival
osteomyelitis in adult patients, in addition to children.['*”

Due to the presence of several important adjacent
structures, including the cranial nerves, cavernous sinus,
internal carotid artery, and dura, any disease progression
can lead to intracranial complications.'¥'*8) The most
frequent complication is abducens nerve palsy in the clivus
and/or paraclival pathology.l'*? Contrast-enhanced imaging
studies, such MRI and CT scans, are essential to evaluate
the extent of the disease process.[142:143:146]

Treatment of clival osteomyelitis consists of intravenous
administration of broad-spectrum antibiotic therapy over
a period of 4-8 weeks, and surgical drainage through
the posterior pharyngeal wall in those patients who are
unresponsive to antibiotic therapy.[?>1421431461 - Together
with clival osteomyelitis, the differential diagnoses for
bone destruction in the pediatric population are clival
chordoma, Langerhans cell histiocytosis, and small round
blue cell tumors such as Ewing sarcoma or primitive
neuroectodermal tumor, rhabdomyosarcoma, metastatic
neuroblastoma, and lymphoma.[43150-152]

Long-term prognosis of skull base osteomyelitis

Due to the rarity of SBO, it is difficult to recognize the
potential epidemiological variables and the major trends of
the disease. Johnson and Batra reported an overall survival
rate of 90.5% at a mean 18-month follow-up.>! In previous
studies, 3-year survival rates for MOE were reported
at 57%.5% Prognosis is poor in diabetic patients, with
survival rates ranging from 21% to 70%.1'%) The reported
overall mortality rate reaches 10%; in addition, long-term
neurologic sequelae are reported in 31% of cases, despite
aggressive treatment.’*)  Considering the extent and
aggression of the disease process, the overall survival
rate indicates that advances in diagnostic procedures
with aggressive antibiotic treatment and careful surgical
interventions may reduce SBO-related mortality.!'*"

However, the prognostic factors have not been explored
fully.

Conclusion

In this review, we focused on SBO and its variants, central
or atypical SBO and pediatric clival osteomyelitis. SBO is a
life-threatening complication that can be misdiagnosed for
malignancy. However, there was no single pathognomonic
feature of SBO revealed in the literature. Our review
highlights several important aspects of this complication,
with major implications for diagnosis and treatment. SBO
can occur in elderly patients with diabetes mellitus or
immunosuppression, and there are many predisposing
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factors. This condition often results from an ear infection
with either acute or chronic presentation. Atypical SBO can
be present without any sign of infection. Diagnosis can be
based on a combination of clinical findings, history, imaging,
microbiology, and histology. We recommend the early and
aggressive use of long-term intravenous broad-spectrum
antibiotic treatment for several months, along with HBO
therapy and conservative surgical therapy, which seem to
improve clinical outcome. Although this condition is rare,
reporting radiologists and treating clinicians must be aware
of the radiological findings to decrease delayed diagnosis
and undertreatment of the condition.
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