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Abstract

Objectives: Tympanic cavity (TC) is an anatomically challenging region for the diagnosis of lesions located inside it.
Radiological diagnosis and demonstration of the anatomic localization of sporadic lesions such as vascular malformations
and meningocele are essential for the prevention of complications that may occur during operation and recurrent unneces-
sary interventions. The aim of the present study was to demonstrate the radiological appearance of the vascular variations
and the post-traumatic soft tissue lesions which are rarely encountered in TC.

Methods: A total of 3525 temporal multi-slice computed tomography (MSCT) images were evaluated between 2010-2018.
Twelve cases with non-inflamatory and non-neoplastic soft tissue lesions in TC were detected and 2 with meningocele were
included in the study.

Results: Of the 12 cases, 6 were males and 6 were females. The mean age of the patients was 26.16 years. Four cases had an
aberrant internal carotid artery (ICA), being bilateral in 2 cases and right sided in the remaining 2 cases. Six cases had dehiscent
mega jugular bulb (DMJB); and 2 cases had post-traumatic meningocele.

Conclusion: Vascular malformations and meningoceles are rarely observed in TC. They may present nonspecific clinical signs
and symptoms; however, they should be evaluated with MSCT and MRI before the surgical interventions regarding the mid-

dle ear to prevent possible complications.
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Introduction

Temporal bone has a complicated structure since it con-
tains two of the cranial nerves (facial and vestibulocochlear
nerves), blood vessels such as meningeal arteries and inter-
nal carotid artery (ICA) and elements of vestibule-audito-
ry system. The tympanic cavity (T'C) is a rectangular cav-
ity with 6 walls located within the petrosal part of the tem-
poral bone. The lateral wall consists of the tympanic mem-
brane and epitympanic recess, the medial wall is formed by
the lateral wall of the inner ear featuring the oval and
round windows. The roof (tegmental wall) separates the
TC from the dura mater of the middle cranial fossa. The
floor (jugular wall) forms the base of the hypotympanum
and provides separation from the jugular bulb. The ante-
rior wall is a thin bone plaque with an opening for
eustachian tube and tensor tympani muscle. This wall sep-

arates ICA from T'C. The posterior wall separates mastoid
cells from T'C. T'C is divided into three parts by taking the
tympanic membrane as the key point. The upper part of
the tympanic membrane is described as epitympanum, the
lower part as hypotympanum and the tympanic membrane
level as mesotympanum. A bone chain consisting of
manubrium, incus, and stapes in mesotympanum allows
connection between the external ear and inner ear."” The
complicated structure, vital neurovascular relationships
and relative small area of T'C makes the clinical and radi-
ological evaluation of lesions in this region challenging.
The soft tissue masses, located in TC could be evaluated
by otoscopic examination and all the details in this area
could be shown more clearly by radiological examinations
such as multislice computed tomography (MSCT) and
magnetic resonance imaging (MRI).”
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In this study, we aimed to present the vascular varia-
tions and the radiological appearance of the post-trau-
matic soft tissue lesions that are rarely encountered in

TC.

Materials and Methods

Patients who referred to Radiology Department after
being evaluated in Mustafa Kemal University hospital due
to hearing problems, tinnitus, dizziness, trauma and post-
traumatic control between 2010-2018 were retrospective-
ly reviewed. Totally, radiological images of 3525 patients
were evaluated for presence of any vascular variations and
post-traumatic soft tissue lesions in the TC. Any infectious
or neoplastic pathologies causing soft tissue appearance
were excluded. Non-inflammatory and non-neoplastic soft
tissue lesions were detected in TC of 12 patients who
underwent temporal MSCT (Toshiba Aquillon 64
MDCT, Tustin, CA, USA). The evaluation of the cases
with MSCT was done by the Basic Vitrea 2 (version 4.0)
workstation. In addition to this, four of the patients under-
went temporal MRI (1.5 Tesla Philips MRI, Achieva, Best,
the Netherlands) for further differential diagnosis of soft
tissue lesions. The diagnosis was made with the patholog-
ical contrast enhancement in contrast-enhanced MSCT
and contrast-enhanced MRI. In addition, C'T angiography

and MR angiography examinations were made to show
vascular structures.

Results

The mean age of the patients with non-neoplastic and
non-inflammatory soft tissue lesions was 26.16 (range:
17-45) years. Six of them were male, and six were female.
In 5 of the patients, hearing related findings (total hear-
ing loss in three cases, conductive type hearing loss in
two) were the main symptoms. Tinnitus and ear pain was
present in 3, non-suppurative otitis media in 3, suppura-
tive otitis media and ear pain in 1. Two cases had a his-
tory of trauma, and total hearing loss and one patient had
peripheral facial paralysis. The age, gender, clinical and
radiological findings of these 12 patients were summa-
rized in Table 1.

Four patients had aberrant internal carotid artery (ICA)
in TC (Figure 1). Bilateral ICA was detected in 2 of these
cases, and right aberrant ICA was found in the remaining 2
cases (Figure 2). One of the cases with aberrant bilateral
ICA had total hearing loss, two cases had otitis media, and
one case had tinnitus and ear pain.

A “mega” jugular bulb with dehiscence extending to the
TC was present in 6 of the cases. In one case, the jugular

Table 1
Age, gender, clinical and radiological findings of 12 cases.

No Age Gender Clinical findings Radiological diagnosis
1 22 F Bilateral total hearing loss Bilateral aberrant ICA
2 17 M Suppurative otitis media, ear pain R- aberrant ICA
3 34 F Ear pain and tinnitus R- aberrant ICA
4 35 F Non-suppurative otitis media Bilateral aberrant ICA, Close relationship
with bone chain on the right
5 21 M Right conductive hearing loss, R- DMJB
suppurative otitis media

6 18 F Non-suppurative otitis media R- DMJB
7 22 K Non-suppurative otitis media L- DMJB
8 42 M Right conduction-type hearing loss R- DMJB
9 45 M Tinnitus, ear pain and fullness R- DMJB
10 18 F Tinnitus R-DMJB
1 22 M Traffic accident 2 years ago, hearing loss The transfer fracture line in petrous bone

in the right ear, and facial paralysis that starting from apical level of ICA and

passing in front of the cochlea, the meningocele
sac extending along this line to the tympanic cavity.

12 18 F Falling from height10 years ago, Transverse fracture in the left petrous bone, jugular

total hearing loss in the left ear

foramen walls. Cochlear labyrinthitis ossificans,
dislocation in the bone chain, pseudopenningocele
extending to the tympanic cavity at the oval
window level.

DMJB: dehiscent mega jugular bulb; F: female; ICA: internal carotid artery; L: left; M: male; R: right.
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Figure 1. (a) Axial and (b) coronal MSCT sections of a 17-year-old male patient, aberrant ICA in contact with tympanic membrane in the right tym-
panic cavity (white arrows).

bulb contacted the lower edge of the tympanic membrane  had a DMJB that was detected in temporal MSCT. In six
(Figure 3). Two patients with dehiscent mega jugular bulb  cases, temporal MSCT examination showed that jugular
(DMJB) had right conductive hearing loss, one patient had ~ bulb caused dehiscence in the bone (Figure 4).

tinnitus and aural fullness, while the other three patients The temporal MSCT obtained from 2 patients with
were asymptomatic. The patients with otitis and ear pain  post-traumatic total hearing loss revealed old transverse

Figure 2. (a) Axial (b) coronal and (c) sagittal MSCT sections of a 35-year-
old female patient, bilateral aberrant ICA on the right is more prominent
and in contact with the tympanic ossicles (white arrows).
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Figure 3. (a) Axial and (b) coronal MSCT sections of a 42-year-old male patient, mega-jugular bulbus which caused dehiscence on the base of tym-
panic cavity, extending to the tympanic cavity and touching the tympanic membrane (white arrows).

fracture lines in the right petrous bone including the otic
capsule. The first case was a 22-year-old male with a previ-
ous motor vehicle accident happened 2 years ago. The
patient had total hearing loss and peripheral facial paralysis
in the right ear after the trauma. The temporal MSCT
revealed a fracture line starting from the apical level of IAC,
passing close to the cochlea and reaching to T'C by passing
through the labyrinthine part of the facial nerve. In addi-
tion to this, a meningocele was detected by MSCT and
MRI in the same patient (Figure 5). The second case with
meningocele was an 18-year-old woman. She had a total
hearing loss in her left ear after falling from a height 8 years
ago. A transverse fracture in the petrous bone was detected
by MSCT and MRI just in front of the cochlea, which
passed from the proximal part of the tympanic portion of
the facial nerve. The fracture caused dislocation of the
stapes separating it from the oval window. A meningocele

sac extending from the left oval window to TC was also
detected. In this case, labyrinthitis ossificans developed in
cochlea (Figure 6).

Discussion

Any inflammatory, neoplastic and/or vascular soft tissue
or bony lesions may be encountered in TC. The soft tis-
sue lesions of T'C include cholesteatoma, paraganglioma,
aberrant carotid artery, schwannoma, meningocele, and
high mega jugular bulb."* Hearing loss, ear pain and tin-
nitus are among common symptoms of these patients. Soft
tissue lesions in T'C are diagnosed by otoscopic or radio-
logic examinations. The change in the color of the tym-
panic membrane can easily be detected by otoscopic
examination which provides essential information for the
several lesions. A red tympanic membrane is a sign for
aberrant ICA and glomus tumor in TC; a blue tympanic

Figure 4. (a) Axial and (b) coronal MSCT sections of a 45-year-old male patient, right mega-jugular bulbus which caused dehiscence on the base of
tympanic cavity and extending to the tympanic cavity (white arrows).
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Figure 5. (a) Axial and (b) coronal MSCT sections of a 22-year-old male patient, meningocele pouch is located at the fissure line which crossed inter-
nal acoustic canal, labyrinthine part of the facial nerve and reached tympanic cavity (white arrows); (c) axial and (d) coronal T2-weighted MR images
showing meningocele pouch in tympanic cavity (orange arrows).

membrane for DMJB, meningocele, meningoencephalo-
cele and cholesterol granuloma; and a white tympanic
membrane for the primary tympanic cavity tumors such as
congenital cholesteatoma and schwannoma. However,
making a differential diagnosis among these lesions is dif-
ficult by otoscopic examination thus multiplanar imaging
techniques such as MSCT and MRI are gold standard for
evaluating T'C. It is possible to obtain thin sections with
MSCT making it easy to interpret the structures located
within the TC in details. MRI is used to evaluate soft tis-
sue lesions and their relationships, while MRI angiogra-
phy provides useful information for vascular struc-
tures."””

An aberrant ICA and a DHJB are not so common.
Typically, ICA is located in the carotid canal of the petrous

part of the temporal bone and is adjacent to the anterior
wall of TC. The aberrant ICA in TC is known to occur by
the combination of inferior tympanic artery with the
carotico-tympanic artery. In such a case, the ICA extends
more laterally into the T'C. The diagnosis is difficult with
the clinical examination because the symptoms are non-
specific. Diagnosis is made with MSCT, which could take
thin sections. Vascular pathologies such as glomus tumor,
cholesterol granuloma, DMJB, hemangioma, aneurysm of
the petrosal segment of the ICA should be considered in
the differential diagnosis.**” Bilateral aberrant ICA was
observed in 2 out of 4 aberrant ICA cases, and 2 cases had
an unilateral aberrant ICA on the right TC.

The jugular bulb is the junctional region of the sig-
moid sinus and the internal jugular vein and is separated
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from the compact bone (hypotympanum) that forms the
base of the middle ear. If the upper edge of the jugular
bulb extends over the superior part of the fibrocartilagi-
nous ring of the tympanic membrane or above the basal
fold of the cochlea, it is considered as high jugular bulb;
whereas if the transverse diameter of the bulb is increased
it is considered as mega jugular bulb. Localization and
diameter of the jugular vein is subject to a wide range of
varjations. The high and mega jugular bulb could extend
into the middle ear cavity and could be with or without a
thin bony septum. The incidence of DMJB is reported to
be 0.5-1.7%. It is more frequently observed on the right
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Figure 6. (a) Axial; (b) coronal and (c) sagittal MSCT sections of
a 18-year-old female patient, meningocele pouch is extended
from oval window into left tympanic cavity since the traumatic
fracture which dislocated the auditory ossicles and separated
the stapes from oval window (white arrows), blue arrows
show labyrinthitis ossificans leading to the loss of the cochlea’s
turn; (d) coronal and (e) sagittal T2-weighted MR images show-
ing meningocele pouch extending from the oval window to the
tympanic cavity (orange arrows).

side. It may be asymptomatic or may cause tinnitus and
conductive hearing loss."""" Conductive hearing loss was
present in 2 of our cases with DMJB. The other 4 cases
had otitis, ear pain, and tinnitus in their physical examina-
tions.

Temporal bone fractures occur after severe high-
energy-blunt head trauma and develop most frequently
after the motor vehicle accidents. Falling from a height,
industrial injuries are among the other reasons. They
constitute 30-70% of the calvarial fractures. Temporal
bone fractures are classified according to their position
on the petrous bone axis as longitudinal, transverse and
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mixed type. In a new classification system, it is classified
as including the otic capsule (10%) or not (90%), which
could better determine the occurrence and prognosis of
posttraumatic complications such as hearing loss.
Hearing loss is the most common clinical finding, and
clinical findings vary according to the type of fracture in
the acute and chronic period. Although longitudinal
fractures are more common, transverse fractures are
more dangerous, and their complications are more fre-
quent. Complications are seen more frequently in the
fractures related with the otic capsule. Dislocation in the
middle ear ossicles and conduction-type hearing loss,
tympanic membrane rupture, hemotympanum and facial
nerve paralysis are more frequently observed in longitu-
dinal fractures, whereas sensorineural hearing loss, facial
nerve paralysis, and labyrinth fistula are observed in
transverse type fractures. In the mixed type fracture, a
mixture of these findings may be observed. Labyrinthitis
ossificans, which have been reported far less frequently
after trauma, could also be seen secondary to the post-
traumatic repair process. Post-traumatic vascular
injuries, other cranial nerve injuries and meningitis may
develop as well. Meningocele/meningoencephalocele are
observed rarely. Meningocele formation after trauma is
reported in 11% of the cases and after surgical interven-
tions in 59%.""" One of the meningocele cases in our
study had total hearing loss and peripheral nerve paraly-
sis in the right ear. The other case with meningocele was
characterized with post-traumatic labyrinthitis ossifi-
cans. To our knowledge, no similar meningocele cases
were previously reported possessing such a fracture line.
Labyrinthitis ossificans observed in the second case is
also very rare after trauma.

The limitation of our study was inclusion of only ret-
rospective cases. However, the number of the images eval-
uated are considerably high to draw a conclusion.

Conclusion

If the vascular variations in TC such as aberrant ICA and
DM]B are not recognized before the operations such as
tympanoplasty or cochlear implant placement, there may
be severe neurovascular complications. In meningocele,
inappropriate and unnecessary interventions would cause
perilymphatic fistula and leakage of cerebrospinal fluid,
and therefore may lead to severe complications.
Consequently, a detailed radiological evaluation with
multiplanar MSCT and MRI will be useful before apply-
ing any interventions in the middle ear.
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