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Objectives. Malignant external otitis (MEO) is a potentially fatal infection of the external auditory canal, temporal bone,
and skull base. Despite treatment with modern antibiotics, MEO can lead to skull base osteomyelitis. Until now,
there have been few studies on the prognostic factors of MEO.

Methods. We performed a retrospective study to identify prognostic factors of MEO, and a meta-analysis of other articles

investigating MEO. On the basis of disease progression the 28 patients in our study were divided into ‘controlled” and
‘uncontrolled’ groups, consisting of 12 and 16 patients, respectively. We identified three categories of prognostic fac-
tors: those related to patient, disease, and treatment. We compared these prognostic factors between the controlled

and uncontrolled groups.

Results. In our study, the duration of diabetes mellitus (DM), presence of inflammatory markers (C-reactive protein and
erythrocyte sedimentation rate), and computed tomography or magnetic resonance imaging findings influenced the
prognosis of MEO. In contrast, prognosis was unrelated to age, gender, mean glucose level, hemoglobin Alc level,
pathogen, comorbidity, or cranial nerve involvement. No factor related to treatment modality was correlated with
prognosis, such as surgery, steroid therapy, or interval to the first appropriate treatment. Cranial nerve involvement
has been proven to be associated with disease progression, but the relationship between cranial nerve involvement
and the prognosis of MEO remains controversial. As a part of this study, we conducted a meta-analysis of cranial
nerve involvement as a prognostic factor of MEO. We found that cranial nerve involvement has a statistically signifi-

cant influence on the prognosis of MEO.

Conclusion. We found that glycemic control in diabetes mellitus, cranial nerve involvement, and the extent of disease de-
termined from various imaging modalities influence the prognosis of MEO. We suggest that significant prognostic fac-
tors should be monitored to determine the prognosis of patients with MEO.
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INTRODUCTION

Malignant external otitis (MEO) is a potentially fatal infection of
the external auditory canal (EAC), temporal bone, and skull
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base. MEO tends to affect the elderly as well as patients with di-
abetes mellitus (DM) or other conditions resulting in immuno-
deficiency, such as human immunodeficiency virus (HIV) infec-
tion and chemotherapy. The most common causative organism is
Pseudomonas aeruginosa (>90%) [1]. Clinical manifestations
include deep otalgia persisting for longer than 1 month, chronic
otorrhea, headache, and cranial nerve involvement. Before the
discovery of effective antibiotics, MEO had a mortality rate of
up to 50%. Since the introduction of ciprofloxacin and other
antipseudomonal agents in the 1990’s, the survival rate has im-
proved [2]. Nevertheless, MEO can be fatal if the disease contin-
ues to progress despite modern antibiotic treatment.
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MEO begins in the EAC, and then spreads to the skull base
and the jugular bulb via the fissures of Santorini and the stylo-
mastoid foramen. Venous channels and fascial planes facilitate
the spread of infection along the dural sinuses, eventually result-
ing in extension to the petrous apex [3]. Multiple studies have
shown that cranial nerve involvement, primarily the facial nerve,
is associated with advanced infection and progression of the dis-
ease. As the infection advances to the medial skull base, it
reaches the jugular foramen, leading to involvement of the glos-
sopharyngeal, vagus, and spinal accessory nerves [4]. The hypo-
glossal nerve may be involved at its location within the hypo-
glossal canal, and with the progression of the infection, the
nerves in the cavernous sinus could be affected as well. Severe
complications, such as cranial nerve involvement and skull base
osteomyelitis, are associated with increased risk of mortality.

Many factors were believed to affect the prognosis of MEO,
such as a medical history of DM, glucose level, cranial nerve in-
volvement, and the extent of disease determined from various
imaging modalities. However, further studies showed that these
factors were not actually related to the outcome of MEO. For
example, Mani et al. [5] reported that the presence of cranial
nerve involvement did not affect patient survival rate under an
optimized treatment plan. As reported by Soudry et al. [6], facial
nerve involvement indicated progression of MEO, but did not,
by itself, worsen prognosis. There is an ongoing debate regarding
the various factors predicting the outcome for MEO. It is unclear
which factor(s) lead to a poorer prognosis. Therefore, we ana-
lyzed prognostic factors in the hope of optimizing treatment
strategy for this disease. We investigated the controversial prog-
nostic factors and performed a meta-analysis of other articles
investigating MEO retrospectively.

MATERIALS AND METHODS

All cases of MEO diagnosed and treated by Department of Oto-
laryngology, Severance Hospital, Yonsei University Health Sys-
tem between January 2000 and March 2014 were identified.
The diagnosis of MEO was based on the criteria set forth by Co-
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= The duration of diabetes mellitus, presence of inflammatory
markers, and imaging findings influenced the prognosis of ex-
ternal otitis (MEO).

= None of the treatment-related factors, including surgery, ste-
roid therapy, and the interval to the first appropriate treat-
ment, were correlated with the prognosis.

= The meta-analysis of cranial nerve involvement as a prognostic
factor showed that cranial nerve involvement had a statistically
significant influence on the prognosis of MEO.
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Table 1. The diagnostic criteria of malignant external ofitis [7]

Major (obligatory) signs
1) Pain
2) Exudate
3) Edema
4) Granulations
5) Microabscesses
6) Positive Technetium-99 (**Tc) scan of failure of local treatment after
more than 1 week
Minor (occasional) signs
7) Pseudomonas
8) Positive radiograph
9) Diabetes mellitus
10) Cranial nerve involvement
11) Debilitating conditions
12) Old age

The diagnostic criteria of malignant external otitis (MEO) was divided into
two categories: obligatory and occasional. All of the obligatory criteria must
be present in order to establish the diagnosis. The presence of occasional
criteria alone does not establish it.

hen and Friedman [7]. We reviewed the records of 28 patients
who met these criteria (Table 1). We examined the patients’ ba-
sic data, including interval to first intravenous antibiotic admin-
istration, presence of underlying disease, results of ear-nose-
throat and neurologic examinations, results of imaging studies
including computed tomography (CT) and magnetic resonance
imaging (MRI), blood glucose measurements and level of glyce-
mic control, treatment regimen, any surgeries performed, and
the erythrocyte sedimentation rate (ESR) and C-reactive protein
(CRP) levels. We divided the patients into two groups based on
the outcome of treatment: controlled and uncontrolled groups.
The controlled group included patients who recovered fully
from MEO; the uncontrolled group included patients who did
not recover or who died. All patients in the uncontrolled group
were deceased at the time of the study. The clinical investiga-
tions were all conducted according to the principles expressed
in the Declaration of Helsinki. This study was approved by the
Institutional Review Board of Severance Hospital, Yonsei Uni-
versity Health System (4-2016-0268).

The two groups were compared using Student ¢-test, Fisher
test, and the chi-squared test, as indicated; SAS ver. 9.2 (SAS
Institute Inc., Cary, NC, USA) and Microsoft Office Excel 2003.

A meta-analysis of other articles related to MEO was also
performed. Several accepted sources were searched in order to
identify primary studies published between 1974 and 2013. We
primarily searched the Medline database, using the terms “ma-
lignant external otitis,” “malignant otitis externa,” “skull base
osteomyelitis,” “necrotizing otitis externa,” and “infective exter-
nal otitis.” Alternate spellings and an explicit search strategy
were used for each source. All terms were searched in English.

The literature search was extensive and was designed to ob-
tain a large number of hits for MEOQ. In total, 368 articles were
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identified. After eliminating duplicates and articles on subjects
obviously different from MEO, 342 publications remained for
the period from January 1974 to April 2014 (Fig. 1). Most stud-
ies evaluating the prognosis for MEO were retrospective, so the
meta-analysis was conducted on retrospective studies only. After
eliminating articles with methodological restrictions and data
limitations, six articles met our criteria for inclusion (retrospec-
tive study, complete reporting, and complete dichotomous out-
come data). We used only the data on cranial or facial nerve in-
volvement as a prognostic factor. We compared the outcomes
for MEO using dichotomous data (controlled vs. uncontrolled
group) from the retrospective studies.

The data were analyzed using Stata ver. 8.2 (Stata Co., Col-
lege Station, TX, USA). Our analysis was based on a random-ef-
fects model, which generates a wider 95% confidence interval
(CI) for the pooled data. The relationship between cranial nerve
involvement and the prognosis for MEO effect sizes were calcu-
lated as the natural log of the odds ratio (OR). Effect sizes are
depicted with their respective 95% CL.

368 Initial search

26 Excluded
- Obviously different subjects

342 Obviously different subjects

336 Excluded
- Methodological restriction
- Dara limitation

6 Include in study design

Fig. 1. Flow chart of search procedure.

Table 2. Characteristics of the malignant external otitis patients

Controlled Uncontrolled

Characteristic group (n=12) _ group (n=16) P-value
Gender 0.690
Male 9 13
Female 3 3
Age (yr), mean=standard 62+16 68+9 0.207
deviation
Skull vase osteomyelitis 3 16 <0.001*
Diabetes mellitus 7 16 0.004*
Comorbidity 4 12 0.027*
Cranial involvement 6 7 0.743
First intravenous antibiotic 29.0 32.6 0.615
administration (day)
Steroid therapy 8 12 0.629
Surgery 3 6 0.483

RESULTS

We identified 28 patients with a diagnosis of MEO. There were
22 males (78.6%) and 6 females (21.4%), with a mean age of
65113 years (range, 33 to 81 years). Twelve patients (42.9%)
experienced complete remission from MEO and were included
in the controlled group. Sixteen patients (57.1%) survived with
the disease (12 patients, 42.9%) or died from the disease (4 pa-
tients, 14.3%) and were included in the uncontrolled group. Ba-
sic data at the time of presentation and results of statistical anal-
yses are summarized in Table 2.

Skull base osteomyelitis was found in 19 patients (67.9%); 9
out of 19 patients underwent surgery. Surgery was performed
on patients whose condition failed to respond to medical treat-
ment, or was performed for local debridement, and to collect
biopsy specimen for histological confirmation of the disease.

Prognostic factors related to the condition of the patient
Patients in the controlled group (12 patients) with a mean age of
62116 years recovered fully from MEO. Meanwhile patients in
the uncontrolled group (16 patients) with a mean age of 68+9
years either remained alive with the disease or died from pro-
gression of the disease (P=0.207). Three patients died in hospi-
tal as a result of aspiration pneumonia related to MEO, and an-
other patient died from sepsis. In both groups, the majority of
the patients were male (9 of 12 patients in the controlled group,
and 13 of 16 patients in the uncontrolled group); however, this
did not significantly affect disease outcome.

Twenty-three patients (82.1%) had DM. DM is a common
disease associated with MEO, and it was significantly related to
disease progression in 7 patients (25.0%) in the controlled group
and 16 patients (57.1%) in the uncontrolled group (P=0.008)
(Table 3). Duration of disease also differed significantly between
the two groups; patients in the controlled group suffered from
DM for an average of 7.1 years prior to the diagnosis of MEO
and patients in the uncontrolled group for an average of 21.8

Table 3. Underlying disease of the MEO patients

Controlled Uncontrolled

Patient’s underlying disease group (n=12)  group (n=16) P-value

DM 7 16 0.008*
History (yr) 7.1 218 0.001*
HbA1c (%) 6.49+0.97 7.46+1.44 0.054
Glucose level 121.3£39.6 150.8£38.7 0.053

Comorbidity 4 12 0.053
Hypertension 2 6 NS
Ischemic heart disease 0 2 NS
Chronic renal failure 0 2 NS
DM retinopathy 1 1 NS
Cerebrovascular accident 1 1 NS

*Significant differences were found in skull base osteomyelitis, hospitaliza-
tion, comorbidity, and diabetes mellitus. No significant differences were
found for any other comparison.

MEQ, malignant external otitis; DM, diabetes mellitus; HbA1c, hemoglobin
Alc; NS, not significant.
*Statistically significant.



years (P=0.001). Hemoglobin Alc (HbAlc; glycated hemoglo-
bin) reflects the 3-month average of plasma glucose concentra-
tion. This was checked in all patients but was not a prognostic
indicator for MEO (P=0.054).

Other underlying diseases identified in this study included hy-
pertension (8 patients), chronic renal failure (3 patients), isch-
emic heart disease (2 patients), DM retinopathy (2 patients), and
cerebrovascular accident (2 patients). There was no significant
difference between the controlled and uncontrolled groups with
respect to the presence of the above comorbidities (P=0.053).

The treatment outcomes for patients who were responsive
(fasted morning blood glucose <126 mg/dL) and unresponsive
(=126 mg/dL) to treatment with antidiabetic medication were
compared (Fig. 2). In the MEO controlled group, 10 patients
were responsive to antidiabetic medication and 2 patients were
unresponsive. By contrast, 4 patients in the MEO uncontrolled
group were responsive to treatment with antidiabetic medica-
tion while 12 patients were unresponsive (P<0.05).

ESR and CRP levels increased with disease progression and
were higher in the uncontrolled group. The ESR and CRP levels
used for comparison between the two groups were the highest
levels measured during the course of disease for each individual.
A mean value of 34.84+30.5 mm/hr was obtained for the ESR

I Responsive to antidiabetics

Unresponsive to antidiabetics
15 *

\
10

Patient no.

MEOQ uncontrolled

0 |
MEQ controlled

Fig. 2. Comparison of glycemic control between MEO controlled
group and uncontrolled group. *Statistically significant (P<0.05).
MEOQ, malignant external otitis.
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Fig. 3. Comparison of inflammatory marker (ESR, CRP) between two
groups. ESR, erythrocyte sedimentation rate; CRP, C-reactive pro-
tein. *Statistically significant (P<0.001, P<0.001; Student t-test).
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level in the controlled group, and a mean value of 96.1+30.8
mm/hr was obtained for the uncontrolled group (P<0.001). A
mean value of 5.33+3.21 mg/L was measured for the CRP lev-
el in the controlled group and a mean value of 15.46+5.70 mg/
L was measured for the uncontrolled group (P<0.001). Both in-
flammatory markers were closely related to outcome for the
MEO patients (Fig. 3). Additionally, they changed with the dis-
ease status in the individual patients.

P. aeruginosa was the most commonly isolated bacterial
pathogen (13 patients), followed by methicillin resistant Staphy-
lococcus aureus (MRSA, 10 patients). Table 4 provides a detailed
list of isolated microorganisms. There was no significant differ-
ence between the controlled and uncontrolled groups with re-
spect to the infecting microorganism.

Prognostic factors related to disease extent

We classified the extent of disease present according to the ex-
pected course of the disease. The infection typically starts in the
EAC and spreads to the stylomastoid foramen and then to the
mastoid tip and the jugular foramen. Finally, the septic process
extends to the petrous apex and the middle cranial fossa (6). CT
or MRI imaging was performed in all patients. All 28 patients
had EAC involvement, 13 patients had stylomastoid foramen
involvement (6 controlled, 7 uncontrolled), and 5 patients had
jugular foramen and lateral venous sinus involvement (0 con-
trolled, 5 uncontrolled). Seven patients had petrous apex in-
volvement (1 controlled, 6 uncontrolled); one of these had cav-
ernous sinus involvement, presenting as abducens nerve palsy.
In 5 of the patients with petrous apex or cavernous sinus in-
volvement, the infection arose from the jugular foramen. In the
remaining 2 patients, the jugular foramen was not involved and
the disease did not follow its typical course.

The CT or MRI findings were categorized according to the ex-
tent of the disease. Patients who had jugular foramen and pe-
trous apex involvement had a tendency for higher morbidity
and mortality than patients without involvement of these struc-
tures (P=0.045, P=0.005). There was no association between
disease extent and glucose level, suggesting that involvement of
the jugular foramen and petrous apex independently affected

Table 4. Microorganisms isolated

Microorganism Patient no.
Bacteria
Pseudomonas aeruginosa 13
MRSA 10
Enterobacter S
Klebsiella pneumoniae 2
Proteus 1
Fungi
Aspergillus fumigatus 2
Polymicrobial infection 4

MRSA, methicillin resistant staphylococcus aureus.
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the outcome of MEO (Fig. 4).

Cranial nerve involvement was observed in 13 patients
(46.4%). All 13 patients had facial nerve (VII) involvement; 4
patients also had involvement of the lower cranial nerves (IX, X,
and XI) and 2 patients had involvement of the hypoglossal
nerve (XII). The abducens nerve (VI) was affected in only 1 pa-
tient (Table 5).

The facial nerve was the cranial nerve most commonly affect-
ed due to its proximity to the EAC, but there was no significant
difference in occurrence between the controlled and uncon-
trolled groups (P=0.702). None of the patients showing involve-
ment of the other cranial nerves belonged to the controlled
group, but the difference was not significant (P=0.113). Single
or multiple cranial nerve involvement was not related to prog-
nosis for the patients with MEO in our study.

Prognostic factors related to the treatment

After diagnosing MEO, treatment with an antibiotic to which
the microorganism is susceptible is important; these include flu-
oroquinolone and third-generation cephalosporins for P. aerugi-
nosa and vancomycin or teicoplanin for MRSA. Intravenous or

20 I Controlled group
Uncontrolled group
15 -
o
[
E 10 I * *
& — —
5L
0 I I I N
EAC Stylomastoid Jugular Petrous
foramen foramen apex

Fig. 4. Comparison of disease extent in imaging modalities between
controlled group and uncontrolled group. *Statistically significant
(P<0.05; chi-squared test).

Table 5. Cranial nerve involvement in the MEO patients

Controlled  Uncontrolled

Cranial nerve group (n=12). group (n=16) P-value
CN involvement 6 7 0.742
Facial nerve (VII) 6 7 0.743
Lower cranial nerve (IX, X, XI) 0 4 0.113
IX 0 8 NS
X 0 3 NS
Xl 0 2 NS
Hypoglossal nerve (XII) 0 2 NS
Abducens nerve (VI) 0 1 NS
Multiple CN involvement 0 4 0.113

MEQ, malignant external otitis; CN, cranial nerve; NS, not significant.

oral steroid therapy was also used for skull base osteomyelitis or
intractable otorrhea for its anti-inflammatory properties. When
cranial nerve involvement gave rise to facial or vocal cord palsy,
high-dose steroid therapy was instituted for the recovery of cra-
nial nerve function. Because most of the patients in this study
also had DM, steroid therapy was used only with careful moni-
toring. The use of steroid therapy was unrelated to outcome for
patients with MEO (P=0.630). Fig. 5 provides a comparison be-
tween treatment modalities for the two groups.

Nine patients underwent surgery: 3 in the controlled group
and 6 in the uncontrolled group. These were all patients who did
not respond to medical treatment alone. In the controlled group,
2 patients underwent a radical mastoidectomy, facial nerve de-
compression, and mastoid obliteration. In the other patient inci-
sion and drainage of a localized mastoid tip abscess was per
formed. All 3 patients showed resolution of the disease, although
recovery from the facial palsy was not complete. In the uncon-
trolled group, 5 patients underwent radical mastoidectomy and
facial nerve decompression and the remaining patient required
skull base surgery via an infratemporal fossa approach, type A.
Although surgery only seemed to benefit the 3 patients in the
controlled group, there was no significant difference between
the controlled and uncontrolled groups with respect to surgery
(P=0.687).

Meta-analysis of prognostic factors

A meta-analysis was performed due to an ongoing debate with
respect to cranial nerve involvement as a prognostic factor. The
baseline characteristics of the included trials including study
population, cranial nerve involvement, and statistical evaluation
were comparable (Table 6) [5,6,8-12].

All of the included trials reported the number of patients in
each group, with the exception of Ali et al. [8]. Of the six re-
maining articles, four reported significantly different prognoses
depending on presence of cranial nerve involvement. Three arti-
cles described only facial nerve involvement while the others
described the involvement of multiple cranial nerves (especially

15 NS I Controlled group
Uncontrolled group

10 - NS
E NS —
k5 —A
T g |

0 j | .

Antibiotics Antibiotics+steroid  Antibiotics+surgery

Fig. 5. Comparison on treatment modality between controlled group
and uncontrolled group. NS, not significant.



the facial nerve and lower cranial nerves).

Outcomes for MEO were analyzed in terms of cranial nerve
involvement regardless of the specific cranial nerve affected;
these outcomes are shown in Fig. 6. The evaluated studies did
not specifically define controlled and uncontrolled groups, but
did compare mortality. We deduced which patients belonged in
either the complete remission or the uncontrolled groups from
review of the papers. A statistical evaluation was not included
for all trials; therefore, we based our calculations on the original
data reported.

Using the provided dichotomous data (controlled vs. uncon-

Table 6. Summary of the studies describing cranial nerve involve-
ment in patients with MEO

Trial CN involved Patient no. (%) P-value*
Chandler [12] Controlled Uncontrolled
(n=26) (n=12)
FN 8 (50) 8 (50)
Multiple CN 1(20) 4(80)
Chenetal. [11] Survival (n=21) Mortality (n=5)
Single CN 7 4 0.058
Multiple CN 2 3 0.034
Franco-Vidal ~ FN 22.2% 77.8% 0.023
etal. [10]
Leeetal.[9] CN HR, 0.28; 95% Cl, 0.03-0.93  P<0.05
Mani et al. [5] Controlled Uncontrolled NS'
(n=21) (n=2)
CN 8 2
Soudry et al. [6] Controlled Uncontrolled NS*
(n=29) (n=19)
FN 7 1
Alietal. [8] n=37
FN 15 (40)
Multiple CN 9
IX 4
X 5
Xl 8
XIl 3

MEO, malignant external otitis; CN, cranial nerve; FN, facial nerve; HR,
hazard ratio; Cl, confidence interval.

*Statistical evaluation by the author of the trial. "No significant difference
found between groups.

| Scights Study o35 CI
Study | Fixed Randoz Est Lower Upper
1. Chardler(1972) | 0.44 0.24 45.33 2.39 B59.30
2. Chen cc al. (2010) | 0.68 0. 30 B. 00 0.75 85.73
3. Framco-Vidal V. (2007) | 0.37 .22 21.14 0.86 520.01
4, Lee S. ccx al. (2008) | 2.38 0.43 3.57 .00 12.71
5. Mani N. ex al. (2007) | Q.37 0.22 6.50 0.26 162.96
6. Soudry Z.ex al. (2007) | Q.80 0. 32 0.17 0.02 1.55
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trolled groups), the combined OR (random effect model) was
4.537 (95% CI, 1.015 to 20.277). This suggests that cranial nerve
involvement has a statistically significant effect on the prognosis
for MEO. However, this result must be viewed with caution.
First, the 12 analysis showed a variability of 0.581 and the com-
bined OR (random effect model) showed a trend towards cranial
nerve involvement being associated with the prognosis for MEO.
Second, there is no consensus regarding measurement of out-
come in MEO. As mentioned above, the “outcome” was fre-
quently not clarified, so we made deductions from the original
data in the studies we reviewed. Third, we calculated the P-value
if possible. For the study performed by Lee et al. [9], statistical
significance was deduced from the hazard ratio and the P-value
was presumed to be 0.05.

DISCUSSION

MEQO has become a treatable disease with the advent of new an-
tibiotics. However, despite the treatment, the prognosis worsens
once skull base osteomyelitis or other complications develop.
The duration of DM and the patient’s serum glucose levels
were believed to be related to the prognosis of MEO. As report-
ed by Joshua et al. [13], MEO diagnosed on the basis of all
obligatory clinical and radiological criteria was associated with a
higher rate of current oral anti-diabetic treatment and history of
diabetic complications, all of which led to significantly longer
treatment and shorter survival times. In contrast, Franco-Vidal
et al. [10] reported that the presence of diabetes was not a sig-
nificant prognostic factor in and of itself. Chen et al. [11] also
suggested that the duration of DM and the degree of glycemic
control did not affect survival. However, the results of this study
demonstrated that the existence of DM, both currently and in
the medical history, were important prognostic factors for MEO.
Although mean serum glucose and HbAlc levels were unrelated
to survival, responsiveness to antidiabetic therapy was closely
correlated with the course of disease. Thus, strict glycemic con-
trol is necessary. Our data did not show a significant difference
in prognosis between patients treated with oral antidiabetic

1. J.R. Chandler(1972) —_— 8
2. €.=N. Chen(2010) 1 +—8—
3. V. Franco-Vidal(2007) 1 3]

4. Seewart Lee(2008) 4

5. Mani (2007)

6. Ethan(2007) 4
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£
o
—
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& 1 i 1} 1)
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Fig. 6. Meta-analysis for the outcome cranial nerve involvement vs. noncranial nerve involvement in malignant external otitis.
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medications and those treated with insulin.

It has not been well established why MEO has a tendency to
affect diabetic patients; however, microangiopathy is presumed
to be the predisposing factor. DM leads to microangiopathy
which results in poor microcirculation and impaired polymor-
phonuclear cell function [14,15]. Furthermore, chemotaxis of
leukocytes and the mechanisms of phagocytosis and intracellu-
lar digestion are impaired, and the effectiveness of antibiotic
therapy is also reduced [16,17]. This occurs because the trans-
port of antibiotics to the infected region is compromised by
small vessel obliteration and the resultant hypoperfusion. We
suggest that rigorous glycemic control and the administration of
appropriate antibiotics are key factors in the treatment of MEO.

Skull base osteomyelitis is a life-threatening complication of
MEQ, which begins as a soft tissue infection in the EAC and
spreads via the fissures of Santorini and the tympanomastoid
suture to involve the cranial base [18]. The facial nerve is the
most commonly affected cranial nerve due to its proximity to
the EAC. As the disease advances to the medial skull base, it in-
volves the jugular foramen and hypoglossal canal, so that the
glossopharyngeal, vagus, spinal accessory, and hypoglossal
nerves are also affected. As Nadol reported, the disease spreads
to the central skull base via four checkpoints: EAC, stylomas-
toid foramen, jugular foramen, and petrous apex [3]. CT and
MRI findings were helpful for diagnosing MEO at admission, but
did not predict the prognosis for the disease, as reported by Sud-
hoff et al. [19]. In our series, there was a significant difference in
outcome when the disease extended to the jugular foramen and
petrous apex. The prognosis was poorer when greater disease
extension was seen in imaging studies. We suggest that involve-
ment of the jugular foramen and petrous apex are checkpoints
for predicting the outcome and the course of disease for MEO
from imaging studies. However, Kondziella and Skagervik [20]
reported an atypical presentation of MEO showing extensive
cranial neuropathy in the absence of facial paralysis. Therefore,
the disease does not always spread via the pathway described
above. In our series, while most of the cases followed the de-
scribed course of disease, the jugular foramen was unaffected in
2 patients who had petrous apex involvement. We propose that
CT and MRI are useful to help to predict the prognosis for MEO,
and that the jugular foramen and petrous apex are critical points
in the progression of MEO. There is a debate regarding the best
imaging modality for the initial diagnosis of and monitoring of
MEO. Some authors have recommended that a Ga-67 citrate
scan is a good indicator of disease resolution; it has also been
suggested that negative results can provide useful information
regarding the appropriate time to stop treatment [21,22].

Cranial nerve involvement is believed to be related to the
outcome of MEQ, although it is a controversial prognostic factor
[12]. We found no significant difference in the outcome of MEO
with respect to any specific cranial nerve involvement or the in-
volvement of multiple cranial nerves. Several studies have sug-

gested that cranial nerve involvement is closely correlated with
the outcome of the disease. Franco-Vidal et al. [10] and Lee et
al. [9] reported that facial paralysis significantly influenced sur-
vival, while Mani et al. [5] reported that cranial nerve involve-
ment did not affect patient survival rate with optimized medical
treatment. Chen et al. [11] reported that in patients with MEO,
mortality was not related to involvement of a single cranial
nerve, but was related to the involvement of multiple cranial
nerves. Soudry reported that although facial nerve involvement
was a sign of MEO progression, it did not, by itself, worsen the
prognosis in their case series [6]. Because of these differences in
opinion, we performed a meta-analysis of cranial nerve involve-
ment and prognosis. The results showed that cranial nerve in-
volvement tended to affect the prognosis for MEO. However,
our meta-analysis was limited by the fact that it analyzed the
data dichotomously, and only a few of the articles evaluated de-
scribed cranial nerve involvement and the number of survivors
with disease progression. The small number of patients in the
present study could have led to the discrepancies between our
results and those obtained from the meta-analysis.

In our series, disease outcome was closely correlated with
both ESR and CRP levels. Changes in ESR and CRP levels can
help to monitor the response to antibiotic therapy. Once MEO is
suspected, laboratory data including ESR and CRP levels should
be checked. The levels should then be followed regularly until
complete remission is achieved.

We performed surgery in 9 of our 28 patients. This involved
either a radical mastoidectomy with facial nerve decompression,
or infratemporal fossa or skull base debridement of soft tissue
or bone. In the controlled group, 1 of the 3 patients requiring
surgery underwent incision and drainage of a mastoid tip ab-
scess; in the other 2 patients, a radical mastoidectomy with fa-
cial nerve decompression was performed. In the uncontrolled
group, 1 patient had skull base surgery via a type-A intratempo-
ral fossa approach. Although necrotic bone and soft tissue were
debrided, the infection could not be halted in the uncontrolled
group. In contrast, patients in the controlled group recovered
fully after surgery; therefore, surgery may be an alternative to
unsuccessful medical treatment. Regardless, surgery was not di-
rectly related to prognosis in the two groups. No factor relating
to treatment affected prognosis; this included surgery, steroid
therapy, and interval to the first appropriate treatment.

Various surgical treatments have been proposed for patients
with MEO who are refractory to medical treatment. Radical
mastoidectomies have been recommended for patients with in-
flammation that cannot be completely excised (e.g., cochlear fis-
tula, disease tracking into the petrous apex) [23]. Facial nerve
decompression has been recommended for patients with disease
involving the facial nerve in the stylomastoid foramen region
[24]. The infratemporal fossa approach is recommended for pa-
tients with disease involving the petrous apex and intralabyrin-
thine areas [25].



In conclusion, all the major factors (responsiveness to antidia-
betic medication and disease extent determined from CT or
MRI imaging) were related to the prognosis of MEO. Further
more, meta-analysis of cranial nerve involvement showed that
exerted a statistically significant influence on MEO prognosis.
We propose that responsiveness to antidiabetic medications in
the treatment of DM, cranial nerve involvement, and disease
extent determined from imaging could be useful in predicting
the outcome of MEO.
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