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A B S T R A C T

Development of intracranial complications from middle ear infections might be difficult to diagnose. We
compared radiological and surgical findings of 26 patients affected by Otogenic Meningitis. Results of our
analysis showed that surgery is more reliable than imaging in revealing bone defects. Therefore, suggest that
surgery be performed for diagnosis and eventual management of all cases of suspected otogenic meningitis.

© 2020 Published by Innovative Publication. This is an open access article under the CC BY-NC license
(https://creativecommons.org/licenses/by-nc/4.0/)

1. Introduction

Middle ear infections, such as acute otitis media and chronic
suppurative otitis media, with or without cholesteatoma,
may result in intracranial complications (ECs) with a
reported prevalence of 0.4% to 6.4% of cases.1–3

Among ECs, meningitis is the most common, with a
prevalence of 35.0%–46.4%.1,4 Identification of meningitis
and its otogenic source is easy, but recognizing an
underlying bone defects may be more challenging .2,5

Pathways of intracranial spread from otogenic focus
include anatomical contiguity between meninges and inner
ear, hematogenous spread, thrombophlebitis of the blood
vessel, and bone dehiscence (such as tegmen tympani
erosion).6

Imaging (computed tomography [CT] and magnetic
resonance imaging [MRI]) is of uttermost importance in
documenting bone defects causing otogenic meningitis.
Head and temporal bone high-resolution CT scans
show middle ear and/or mastoid infection, bone tissue
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reaction, and its ECs (herniation, hydrocephalus, empyema,
otogenicpneumocephalus, venal or arterial infarction, and
abscess formation).7 Magnetic resonance imaging is
superior to CT scan in visualizing otogeniclabyrinthitis and
retrocochlear or intracranial abnormalities, with contrast-
enhanced T1-weighted images having higher specificity and
the potential to detect parenchymal-associated abnormali-
ties.4,8

2. Material and Methods

We retrospectively evaluated clinical records of all consecu-
tive patients affected by otogenic meningitis admitted to the
Sarsawathi institute of medical sciences, hapur from January
2016 to December 2019. We included in our analysis
all patients considered affected by otogenic meningitis
because of clinical diagnosis and/or imaging findings, with
compatible microbiologic results, who had either CT or
MRI or both performed and who underwent surgery. During
their stay, patients were first hospitalized in the Intensive
Care Unit, then in the Infectious Disease Units for medical
treatment, and, after clinical improvement, in the Ear Nose
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and Throat, Audiology, and Phoniatrics Unit. All patients
received intravenous antibiotic therapy for at least 14 days
according to cerebrospinal fluid (CSF) direct examination,
serological tests, and cultures, performed CT or MRI or both
during the initial 2 or 3 weeks, respectively, and underwent
surgery within 60 days of the admission. We operated
on all the patients on the basis of the clinical diagnosis
and/or the imaging. The first outcome was considered 48
hours after the operation. Last follow up was 2.5 years
later. After a first comparative analysis, which considered
the radiology report drafted by the neuroradiologist on
duty, a not-blinded neuroradiologist reviewed the images of
the cases with discordant findings between radiology and
surgery, to increase the result’s veracity.

3. Results

Overall, 26 cases were included in our analysis. Twelve
(46.2%) patients were male with a median age of 68 years,
(range, 32–82).

At the first analysis, bone defect was documented by
surgery in 19 (73.1%) patients as opposed to radiology,
which was positive in 14 (53.8%) cases. Among the latter
cases, 2 (14.3%)—patients 11 and 13—turned out to be
false-positive diagnoses, because they were considered as
tegmen tympani dehiscence, which was described on the CT
report but not confirmed by the surgeon.

Only 1 (14.3%) of 7 patients with surgical evidences
of meningoencephalocele had concordant imaging findings.
Mastoid erosion was diagnosed during surgery in 9 cases,
6 (66.6%) of whom had been previously documented with
radiological imaging. All cases of radiologically suspected
ECs were confirmed intraoperatively, and no new cases were
found at surgical theatre. Among the latter, in 1 patient (n =
25), we identified a CSF fistula.

On the basis of a radiological report drafted at the
time of the images execution, sensitivity and specificity of
imaging in identifying tegmen tympani dehiscence were
63.2% and 71.4%, respectively. Sensitivity and specificity of
imaging in identifying meningoencephalocele were 14.3%
and 100%, respectively.

Sensitivity and specificity of imaging in identifying
mastoid erosion were 66.7% and 100%, respectively.

After this first analysis, a neuroradiologist reviewed all
available images for these patients with discordant results
between imaging and surgical: 4, 5, 6, 7, 9, and 10
because of “false negative” results and patient 13 because
of “false positive” results. Unfortunately, patients 4 and 5
performed CT scan and MRI elsewhere and the images
are not available. During the not-blinded second look,
the neuroradiologist confirmed absence of bone defects
in patients 7 and 9 at CT scan, but he highlighted a
thin tegmen tympani dehiscence on the anterior side and
some dehiscences of the anterolateral flogistic petrous
bone for patient 6; he described significant dehiscence

both on tegmen tympani and on mastoid for patient 10.
The neuroradiologist confirmed the case of false-positive
imaging for patient 13; the CT scan showed probable
mastoid erosion and a meningocele visualized as signal
interruption to MRI.

After the revision of the nonblindedneuroradiologist,
the sensitivity in identifying tegmen tympani dehiscence
was changed to 73.7% (before 63.2%) and specificity
remained at 71.4%. No differences were noted in
sensitivity and specificity in identifying mastoid erosion and
meningoencephalocele.

The best resolution to visualize bone defects proved to
be the high special resolution bony-algorithm CT scan, with
particular relevance for coronal axial plane. No significant
performance difference was detected between imaging with
or without contrast. Thirteen of 26 patients received the
high-resolution bony-algorithm CT scan with coronal axial
plane, and 11 of these were with diagnostic correspondence
between imaging and surgical findings, in respect of bone
erosion. We showed an example of bony-algorithm CT scan
in coronal axial plan of tegmen tympani dehiscence and
one of mastoid erosion and an example of MRI scan of
meninogoencephalocele.

Only 1 patient died during the postoperative follow up.
Four patients (15.4%) died during the 30-week follow-
up period because of coexisting diseases, and no one
was readmitted to the hospital. No cases of recurrence of
meningitis were observed during follow up.

4. Discussion

Acute and chronic middle ear diseases are potentially life-
threatening because of their ECs.9,10 Otogenic meningitis
has a high incidence in the general population: some studies
report that acute middle otitis might be responsible for 50%
of meningitis in adults and 25% in children.11 The wide use
of antibiotics to treat infectious otitis media has decreased
the number of complications deriving from all forms of
middle ear infections, which can increase the incidence of
ECs to 0.13%–1.97%.12

Tegmen tympani dehiscence, with or without menin-
goencephalocele, is one possible way the infection spreads
from middle ear to brain.13,14 Meningitis and brain
abscesses are the most common ECs of otitis media, and
studies revealed that abscesses are mostly adjacent to the
temporal bone and almost exclusively localized at the
temporal lobe and cerebellum.15–17 Computed tomography
and MRI scan play an important role in diagnosing
middle ear diseases and ECs, but sensibility and specificity
of these techniques are not definitively established.18

Early diagnosis and recognition of pathogenic mechanisms
through imaging still represent a challenge for specialists:
approximately 80% of skull bone defects in the region of
the middle and posterior cranial fossa remain asymptomatic
and are usually demonstrated incidentally during otosurgery
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performed for treating abnormalities that commonly result
from chronic inflammatory ear conditions or for the
management of ECs.18

An osseous defect of the petrous bone cannot be
recognized before the initial surgery, despite the CT scan
and MRI.19 On the contrary, Migirov maintained that CT
has a sensitivity of 97% and a positive predictive value of
94.0% in diagnosis of complicated acute otomastoiditis.4

Even though our experience is limited to a small number of
cases, we have evidenced low sensibility and specificity of
imaging in detecting bone defects, particularly for tegmen
tympani dehiscence (63.2% and 71.4%, respectively), with
2 cases characterized by positive imaging not confirmed at
the operating theatre. Sensibility and specificity in showing
mastoid erosion was 66.7% and 100%, respectively. Lower
rates were evidenced for meningoencephalocele (14.3% and
100%, respectively).

Of 5 patients evaluated during the not-blinded second
look, the neuroradiologist confirmed to be able to visualize
in imaging the surgical findings in only 2 patients; in the
other 3 patients, he was not able to identify in imaging
the defects visualized during the surgical procedures. This
procedure improved the imaging sensitivity in identifying
tegmen tympani dehiscence to 73.7%.

In our opinion, the resolution that better show bone
defects is the high special resolution bony-algorithm CT
scan, with particular relevance for coronal axial plane,
performed on 13 patients out of 26, with correspondence
in imaging and surgical findings in 11 cases out of 13.
Moreover, we believe that magnetic resonance imaging
could be useful in visualizing indirect signs, such as bone
signal interruption or parenchymal modification, or showing
direct parenchymal sign, such as meningoencephalocele or
parenchymal abscess.

In our series, surgery was performed in all patients
regardless of indications derived from CT scan or MRI.
Imaging was not fully reliable in showing tegmen tympani
dehiscence, mastoid erosion, and meningoencephalocece,
and this could highlight the importance of a surgical
approach in the diagnostic workout of otogenic meningitis.
Moreover, surgery allows for proper definitive treatment
along with disease recognition.

5. Conclusion

Otogenic meningitis, are life-threatening diseases burdened
with a high mortality rate and cases that have a high index of
suspicion of otomeningitis and bone defects, to increase the
probability to make diagnosis, it is useful to perform a CT
scan first, with every possible reconstruction, to exclude all
possible focal dehiscences, and, eventually, obtain a second
opinion with precise questions. Our analysis has involved a
small case series, we could speculate that surgery is more
reliable in revealing bone defects compared with imaging.

Therefore, we suggest that surgery be performed in all cases
of suspected otogenic meningitis.
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