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Abstract Otogenic skull base osteomyelitis (SBO) of
fungal etiology is a very rare but life-threatening
complication of inflammatory processes of the ear. The
authors present a case of otogenic SBO caused by
Aspergillus flavus in a 65-year-old man with a fatal
course. Because of the encountered difficulties with the
proper diagnosis and treatment, the authors reviewed
the literature on the subject.
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Introduction

Otogenic skull base osteomyelitis (SBO) is a rare but
serious complication of inflammatory processes of the
ear, posing great diagnostic and therapeutic difficulties.
Otogenic SBO was first described in 1959 by Meltzer
and Kelemen [25]. In 1968, Chandler introduced a term
of malignant otitis externa referring to the aggressive,
destructive inflammatory process caused by Pseudo-
monas aeruginosa, originating in the external auditory
canal and having a tendency to spread to the skull base.

D. Stodulski (X)) - B. Kowalska - C. Stankiewicz
Department of Otolaryngology,

Medical University of Gdansk, ul. Debinki 7,

80 211 Gdansk, Poland

e-mail: dstodulski@amg.gda.pl

B. Kowalska
e-mail: bkowalska@amg.gda.pl

C. Stankiewicz
e-mail: stank@amg.gda.pl

@ Springer

The disease manifests itself in cranial nerves palsies
and often leads to death [7]. The etiological factor is in
99.2% P. aeruginosa [2, 10], and in the remaining cases
other microorganisms such as Staphylococcus aureus,
Proteus mirabilis, Klebsiella oxytocyta and fungi [15,
21, 27, 29, 38]. Typical otogenic SBO of bacterial eti-
ology is a result of the inflammatory process of the
external ear and generally develops in people over 60
with uncontrolled diabetes. The points of entry of
mycotic infections may be both the external ear and
the middle ear (acute or chronic otitis media), and the
predisposing factors are immunodeficiency (most often
AIDS and blood proliferative diseases) [29, 38]. Petrak
et al. were the first to describe a case of SBO in the
course of invasive, mycotic (Aspergillus) otitis externa
in 1985 [30]. Since then only 38 cases of invasive my-
cotic inflammation of the temporal bone with or
without the involvement of the skull base have been
described in the English-language literature. Having in
mind the above described diagnostic and therapeutic
difficulties the authors present their case of this severe
disease together with the literature review.

Case report

A 65-year-old man was admitted to hospital having
suffered from acute headaches of the left side accom-
panied by vertigo, disturbed balance, nausea, difficulty
in swallowing and choking for 3 months. He had also
been suffering from periodic otorrhea from the left ear
and some loss of hearing for about 3 years. He had been
hospitalized twice in the previous 2 months in other
ENT department where recurrent acute otitis media
had been diagnosed and conservative treatment had
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been ordered (intravenous antibiotics and paracente-
sis). The case history revealed chronic alcohol abuse,
type 2 diabetes mellitus (treated with oral hypoglyce-
mic drugs for several years) and arterial hypertension.
On admission his general condition was medium severe,
the patient was afebrile. On ORL examination left
external auditory canal showed no signs of inflamma-
tion or granulation. Tympanic membrane was thick-
ened, without visible anatomic structure, movable.
Fistulous test was negative. His right ear was without
any deviation. Tuning fork tests were consistent with a
left conductive hearing loss, which was confirmed by
40- to 55-dB hearing loss on pure tone audiometry.
Additionally, a sensorineural hearing loss up to 40 dB
for 4 kHz in the right ear was revealed. The examina-
tion showed a peripheral nerve VII palsy (4/6 in House-
Brackmann scale) and palsy of cranial nerves IX, X, XI,
XII on the right side. Meningeal symptoms were neg-
ative. Laboratory tests showed increased values of
C-reactive protein of 84 mg/l. The level of serum
glucose was 187 mg%. Diagnostic paracentesis was
performed and plethoric secretion was sucked out.
However, pathogens were cultured neither from this
secretion nor from the left auditory canal smears
(examination repeated three times). The patient was
tested for tuberculosis, Wegener’s granuloma and HIV,
and the results were negative.

Scintigraphic examination of bones showed an in-
creased marker uptake in the left temporal bone pro-
jection. MRI detected extensive infiltration within the
pyramid of the temporal bone and middle skull base
fossa, in the vicinity of the clivus, extrameningeally. It
was spreading to the right side and got more intense
with contrast medium. The image showed an inflam-
matory process (Fig. 1).

Both clinical and additional examination results led to
the diagnosis of otogenic SBO. Taking into consideration
bad condition of the patient, further invasive diagnostic
procedures (mastoidectomy) were abandoned. Empiric
therapy with intravenous antibiotics aimed at P. aeru-
ginosa was employed: ceftazidime (Fortum®), dose
2x1.0g; ciprofloxacin (Ciprinol®), dose 2x 0.2 g.
Hyperbaric oxygenation (HBO, altogether 16 exposures)
in the National Center of Hyperbaric Medicine in Gdynia
was ordered too. Antibiotic treatment was supplemented
with intensive insulinotherapy and antifungal protection
(ketoconazole 0.2 g/24 h).

Despite the applied therapy, the patient’s condition
did not improve and after 18 days there was a violent
progression of the disease—nerves III, IV and VI
palsies on the left side together with quantitative dis-
order of consciousness and worsening of patient’s
general condition. Repeated MRI examination dis-

Fig. 1 Coronal MRI. An extensive infiltration of the left
temporal bone and middle cranial fossa enhanced with gadolin-
ium contrast

closed significant progression of the disease with infil-
tration caused by the inflammatory process in the left
cavernous sinus, bulb of the interior jugular vein, pa-
rapharyngeal space and penetration to the nasophar-
ynx as well as contraction and loss of flow in the
internal carotid artery. The infiltration got more in-
tense with contrast medium, with visible dura
enhancement in the area of the temporal lobe and
ponto-cerebellar angle. There were no signs of in-
creased intracranial pressure (Fig. 2).

Lumbar puncture disclosed reactive cerebrospinal
fluid with no pleocytosis. First, in repeated bacterio-
logical tests (smears from the left auditory canal) iso-
lated colonies of Aspergillus spp. were cultured. Next
examination revealed presence of Aspergillus flavus.
Suspected systemic mycosis was confirmed serologi-
cally (titer of antibodies against A. flavus 1:320,
Aspergillus antigen negative). Because of patient’s se-
vere condition (very high risk of surgery) and the iso-
lation of the etiological factor confirmed by serological
examination, the previously planned diagnostic mas-
toidectomy was abandoned again.

Liposomal Amphotericine B (Ambisome®) was
administered intravenously, in increasing dose from 1
to 3 mg/kg/24 h and orally—itraconazole (Orungal®)
2 x 0.2 g. Despite the applied therapy lasting 30 days,
further worsening of patient’s general condition was
observed—respiratory failure demanding mechanical
ventilation, rises of systolic blood pressure to
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Fig. 2 Axial MRI. Progression of the disease—inflammatory
infiltration of the left cavernous sinus, internal carotid artery
with penetration to the nasopharynx. Meningeal enhancement
around the left temporal lobe

250 mmHg, arrhythmia, heavy electrolytic distur-
bances and changes in neurologic status—deep coma,
right-sided hemiparesis and right nerve VI palsy. The
patient died on the 53rd day of hospitalization.

Post-mortem examination confirmed the clinical
diagnosis of fungal (Aspergillus), invasive, otogenic
SBO of the left side. The left temporal bone and lateral
skull base were completely destructed by infiltration
containing large amounts of yellowish, thick pus, which
on histological examination revealed numerous septate
branching fungal hyphae, consistent with Aspergillus.
It disclosed fungal meningitis in the region of the left
temporal lobe with some infiltration of cavernous sinus
and the spread of the inflammatory process to the
cerebral tissue. The autopsy also showed some features
of endosepsis with the presence of fungal pulmonary
embolism as well as changes characteristic of alcoholic
liver disease.

Discussion

There are four potential routs of infection for invasive
temporal bone and lateral SBO: from the external ear
or, in the course of acute or chronic otitis media, via
tympanic cavity (tympanogenic), meningogenic (in
fungal meningitis, via internal auditory canal), from the
Eustachian tube and hematogenic [17, 34, 39].

@ Springer

Extremely rare lateral SBO follows paranasal sinus
infections [24]. Fungal infection usually develops pri-
marily within the middle ear (tympanic cavity or
mastoid process of the temporal bone) [37-39, 42]. In
our patient the rout of entry of aspergillosis was most
probably this area (recurrent acute otitis media treated
with wide-spectral antibiotics) [31-33].

Table 1 presents a comparison of 40 cases of inva-
sive mycoses of the temporal bone and lateral skull
base. The dominant pathogen was Aspergillus fumig-
atus—19 pts, then A. flavus—10 pts, and significantly
less frequent other fungi (Aspergillus niger, Aspergillus
without determination of species, Pseudallescheria
boydii, Scedosporium apiospermum, Malassezia sym-
podialis, Lecythophora hoffmannii, Candida ciferri).
We found it odd that no Mucor infection was found in
this group.

The predisposing factors in invasive fungal mycoses
are found to be primary and acquired immunodefi-
ciency (AIDS, neutropenia, leukemias), malignant
neoplasms and their treatment (irradiation, chemo-
therapy), the use of steroids and wide-spectral antibi-
otics, ‘‘graft versus host” disease, systemic diseases and
microflora disorders in the ear [26, 27, 35, 38, 42]. The
comparison of invasive mycoses of the temporal bone
and skull base presented in Table 1 shows that by far
the most frequent risk factor was AIDS—15 patients,
then—the disorder of leukocyte system (acute or
chronic leukemia, neutropenia). Diabetes occurred in
nine patients (in seven of them as the only risk factor).
Chronic otitis media was found in four patients,
secretory otitis media in one and recurrent acute otitis
media in the described case. In one case, systemic lupus
erythematosus (SLE) and immunosuppressive treat-
ment led to fungal invasive infection. No risk factor
was found in five patients. In our case, apart from
uncompensated diabetes, the major factor affecting the
course of the disease seems to be alcoholism, since the
suppressive influence of ethanol on the immunological
system is generally known [19]. The age of the patient,
unlike in the bacterial SBO, seems to be of secondary
importance. In the 40 described cases, the age fluctu-
ated from 6 to 85 years.

Many authors stress the need for prompt identifi-
cation of the microorganisms involved in otogenic SBO
[2, 3, 22, 24, 26, 37]. Cunningham et al. [10] are of the
opinion that empiric treatment (directed against
P. aeruginosa) of malignant otitis externa is
unfounded, and prolonged antibiotic therapy should
always be preceded by bacteriological examination. In
case of mycoses, there are two problems: first, positive
cultures are obtained only in 40% of aspergilloses
(histopathologically confirmed) [3], and additionally,



Eur Arch Otorhinolaryngol (2006) 263:1070-1076

1073

Table 1 Comparison of 40 cases of invasive mycoses of temporal bone and lateral skull base

Case Author (year) Organism Risk factors Treatment Results
(antimycotic)  of treatment
1. Petrak et al. (1985) [30] A. fumigatus AML A Recovery
2. Stanley et al. (1988) [39] A. fumigatus CLL A,F Recovery/dead of other cause
3. Cunningham et al. (1988) [10] A. fumigatus Aged/none A Recovery/dead of other cause
4. Bickley et al. (1988) [3] A. species Myelodysplasia A Recovery/dead of other cause
5. Menachof and Jackler (1990) [26] A. flavus AML, COM A Recovery/dead of other cause
6. A. fumigatus COM None Unrecovery/dead of other cause
7. Granstroem et al. (1990) [16] P. boydii DM 1+ HBO Recovery
8. Phillips et al. (1990) [31] A. species AML, DM Al Recovery/dead of other cause
9.  Strauss and Fine (1991) [40] A. fumigatus AIDS AT Dead of disease
10. Reiss et al. (1991) [32] A. fumigatus AIDS AT Recovery
11. A. fumigatus AIDS Al Recovery/dead of other cause
12.  Hall and Farrior (1993) [17] A. fumigatus AIDS, COM A Recovery/no follow up
13. A. fumigatus COM A Recovery
14. Hanna et al. (1993) [18] A. flavus, C. ciferri DM A Recovery
15.  Gordon and Giddings (1994) [14] A. flavus DM Al Recovery
16. A. flavus Aged/none? Al Recovery
17. Harley et al. (1995) [20] A. flavus ALL A Dead of disease
18.  Bryce et al. (1997) [4] A. fumigatus AIDS Al Recovery
19. Ress et al. (1997) [33] A. fumigatus AIDS None Dead of disease
20. Busaba and Poulin (1997) [5] P. boydii AIDS AT Recovery
21. Kountakis et al. (1997) [22] A. flavus DM, CRI A + MA Recovery
22. Yates et al. (1997) [43] A. fumigatus AIDS, hemophilia MA +1 Recovery/dead of other cause
23.  Munoz and Martinez- A. fumigatus AIDS LA Dead of disease
Chamorro (1998) [27]
24. Diop et al. (1998) [12] A. fumigatus AIDS A Dead of disease
25.  Slack et al. (1999) [37] A. flavus, fumigatus, ALL Al Dead of disease
niger
26. S. apiospermum AIDS Al Unrecovery
27.  Chen et al. (1999) [9] A. fumigatus AIDS MA + A, 1 Recovery
28. A. fumigatus AIDS I+MA +A Recovery
29. A. fumigatus AIDS, SOM MA Dead of unknown cause
30. Chai et al. (2000) [6] M. sympodialis DM A Recovery
31. Ohki et al. (2001) [28] A. flavus No MA + FL Recovery
32.  Yao and Messner (2001) [42] S. apiospermum AIDS A, LK, M Dead of disease
33.  Finer et al. (2002) [13] A. flavus Neutropenia 1 Recovery
34.  Shelton et al. (2002) [35] A. niger No I,C Recovery
35. Bellini et al. (2003) [2] A. niger DM Al Recovery
37. Chang et al. (2005) [8] L. hoffmannii No MA + PHMB Recovery
38.  Amonoo-Kuofi et al. (2005) [1] A. fumigatus SLE, MA +V Recovery
immunosuppression
39. Kauruvilla et al. (2006) [23] A. species DM 1 No follow up
40. This report A. flavus rAOM, DM, ALC K, A, I + HBO Dead of disease

A. Aspergillus, C. Candida, L. Lecythophora, M. Malassezia, P. Pseudallescheria, S. Scedosporium, ALC alcoholism, ALL acute
lymphocytic leukaemia, AML acute myeloid leukaemia, CLL chronic lymphocytic leukaemia, COM chronic otitis media, CRI chronic
renal insufficiency, DM diabetes mellitus, rAOM recurrent acute otitis media, SOM secretory otitis media, SLE systemic lupus
erythematosus, A amphotericin B, C clotrimazole, F flucytosine, FL fluconazole, HBO hyperbaric oxygenation, / itraconazole, K
ketokonazole, M miconazole, V voriconazole, MA mastoidectomy, PHMB polyhexamethylene biguanide

the value may be decreased by the prolonged use of
antibiotic ear drops [15, 26]. Second, due to the fre-
quent occurrence of saprophytic fungi in the external
auditory canal, cultivation of Aspergillus does not jus-
tify the diagnosis of invasive mycosis. However, such
examination result should not be disregarded and re-
peated smears and histopathological examination
should be carried out [2, 17, 22]. Serological diagnostics
of systemic mycoses is of limited value in immuno-

compromised patients since seroconversion occurs only
in 35% of such patients [3].

To correctly diagnose and establish the proper anti-
fungal treatment in case of non-diagnostic cultures and
lack of improvement or progression of the disease, it is
necessary to obtain material for histopathological and
microbiological examination that may be acquired by
mastoidectomy [10, 26]. Histopathological material
obtained by mastoidectomy allows not only to confirm
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Table 2 Classification of fungal infections of the ear and temporal bone by Chen et al. [9]

Extension of the disease Characteristics

Type

Treatment

Limited otitis externa
11 Otitis externa with extension

into mastoid cavity/mastoiditis fibrosis

111 Invasive mastoiditis with nerve
VII palsy
v Invasive mastoiditis, nerve

VII palsy, SBO
patients)

Localized infection; no tissue invasion
Bone invasion, granulomatous response,

Aggressive tissue invasion. Can occur in
immunocompetent patients

Angioinvasion. Mild tissue granulomatous
response (especially in immunocompromised

Cleaning, topical anti-fungal agents
Topical and systemic anti-fungals.
Surgery for consideration
(if no improvement)
Amphotericin B; itraconazole;
surgical debridement
Amphotericin B; itraconazole;
surgical debridement

invasive mycosis but also to rule out the neoplastic
growth or granuloma [15, 22, 29, 38, 41]. On the other
hand, Kountakis et al. recommend performing a diag-
nostic mastoidectomy after 4 weeks, if the applied
treatment does not bring any improvement [22]. Con-
sidering the described case and difficulties to discover
the etiology of lateral skull base osteomyelitis, the
authors state, that diagnostic mastoidectomy should
not be postponed longer than 2 weeks, if empiric
therapy is not effective. In case of very extensive
osteomyelitis and bad general condition of a patient,
thus with high risk of rapid progression of the disease,
initial “‘aggressive” diagnostics could be considered.

Classic invasive (caused by P. aeruginosa) otitis ex-
terna was divided into three stages (I—the process
limited to the soft tissues and cartilage of the external
auditory canal, [I—limited SBO, III—diffuse infiltra-
tion of the skull base) [29]. However, this division has
no practical use in case of mycoses because of fre-
quently occurring involvement of the middle ear area.
Chen et al. [9] proposed an interesting classification of
fungal infections of the ear and temporal bone infec-
tions on the base of classification of paranasal sinuses
mycoses. They divided mycotic infections into four
types depending on the extension of the inflammation
process and the presence of facial nerve palsy including
their proper treatment (Table 2).

Once the diagnosis is confirmed, treatment of inva-
sive fungal infections of the temporal bone and skull
base consists of three parts: compensation of immu-
nological deficiency and/or predisposing disease
(AIDS, diabetes), administration of anti-fungal agents
and aggressive surgical debridement [1, 2, 39, 42].
Grandis et al. [15] recommend prolonged (above
12 weeks) administration of Amfotericin B, best in a
liposomal form, since it is less nephrotoxic (which is
important for a diabetic patient). According to the data
from Table 1 most of the cases were treated with
Amfotericin B intravenously with a positive response
in 21 of 40 patients and with a failure in 8 and itraco-
nazole was administered as an additional agent or in a
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prolonged therapy. In three cases, itraconazole was
used as the only antifungal drug (in one case together
with HBO) and the result in two patients was full
recovery (the follow up in the third patient was
unavailable) [13, 16, 39]. One case of Aspergillus
mastoiditis was successfully treated with new broad
spectrum antifungal agent—voriconazole [1]. Thera-
peutic mastoidectomy is recommended, according to
Finer et al. [13], when persistent mycosis (despite
intravenous and/or oral treatment) is suspected. Other
authors reported, that only a wide cortical mastoidec-
tomy with opening and clearing of the mastoid antrum
allows for local control of the disease [9, 28]. HBO
against invasive mycosis of the temporal bone and skull
base is not a generally accepted method of treatment,
unlike in malignant otitis externa of P. aeruginosa
etiology. Apart from our patient, this method was ap-
plied only in one case [16]. It was proved (mainly by in
vitro tests) that hyperbaric oxygen had at least an
inhibiting effect on fungi [16]. HBO, as an adjuvant
method, is generally accepted in cases of osteomyelitis
and the indication for its use are stages II and III of
malignant otitis externa [11, 36]. According to the
classification proposed by Chen et al. [9], in case of
invasive mycoses of temporal bone and skull base,
HBO should be used in stages III and IV and its use
should be considered in stage II.

Involvement of cranial nerves in malignant, bacte-
rial external otitis testifies to the extension of the
process and is an unfavorable prognostic factor [24,
29, 34, 38]. Similar to P. aeruginosa, one of the en-
dotoxins produced by Aspergillus shows neurotoxic
activity [26]. Additionally, in mycoses of the temporal
bone there is a great risk of sensorinervous deafness
[28]. Among 40 cases of invasive mycoses of the
temporal bone and skull base, isolated paresis/palsy of
the facial nerve was dominant (about 70%). In four
patients, other cranial nerves (IX-XII) were also in-
volved. However, because of too small group of pa-
tients it is impossible to determine if the cranial
nerves involvement is a significant prognostic factor
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[1-6, 8-10, 12-14, 16-18, 20, 22, 23, 26-28, 30-33, 35,
37, 39, 40, 42, 43].

According to Table 1 mortality due to invasive
mycosis of the temporal bone and lateral skull base was
about 27%. It should be mentioned that prognosis
seems to depend more on the state of the immunity
system than on the treatment applied [2, 27, 37, 42].

To summarize, invasive, fungal temporal bone and
SBO occurs usually in immunocompromised patients
(AIDS, blood diseases). Diabetes and age are of sig-
nificantly less importance. The route of entry may be
both the middle ear (tympanic cavity and mastoid
process) and the external auditory canal. Prognosis
depends not only on early, sometimes ‘“‘aggressive”
diagnosis (with obligatory microbiological and histo-
pathological confirmation) and the therapy applied,
but also (and perhaps mainly) on the condition of the
immunological system of a patient. Fungal infection
should be always considered part of the differential
diagnosis of patients with lateral SBO, who are rela-
tively immunocompromised and who do not respond to
antibiotic treatment (in our opinion not longer than
2 weeks) regardless of cranial nerves involvement.
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