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Abstract

Background: Pathology of the middle ear is the third most
common reason of visiting a general practitioner or a family
doctor. In children and teenagers, inflammatory conditions
of the middle ear are the most frequent reasons to prescribe
antibiotics and perform surgery.

In the majority of these cases, proper diagnosis is made
by clinical examination alone and patients will not benefit
from additional diagnostic imaging studies. However, the
prevalence of ear infections increased significantly and this
may suggest that the current approach to preventing and
treating middle ear inflammation is not adequate. Therefore,
especially in complicated and recurrent conditions, imaging
plays an important role; imaging findings may fundamentally
influence the treatment. Also, in non-inflammatory conditions
of external and middle ear Computed Tomography (CT) or
Magnetic Resonance Imaging (MRI) would provide a diagnosis
and/or necessary information for surgery in a significant
number of cases.

Aim of Work: Evaluation the role of Multi-Detector
Computed Tomography (MDCT) in diagnosis Chronic Sup-
purative Otitis Media (CSOM) with or without cholesteatoma
and staging of middle ear Cholesteatoma and assess its impact
on the selection of the surgical procedure.

Patients and Methods: A prospective study included 30
patients with mean age 30.4 years with CSOM with or without
cholesteatoma. They were evaluated regarding to their clinical
symptoms, temporal multidetector computed tomography
findings, and postoperative results. MDCT staging classified
cholesteatoma according to its site in the tympanic cavity (S);
erosion of the ossicular chain (O); and associated complications

(©).

Results: MDCT imaging of these patients showed opaci-
fication of middle ear cavity with integrity of the ossicular
chain with 100% accuracy. Nondependent soft tissue masses
in the middle ear, eroded scutum (n=20), eroded ossicles (n=
20), intact tegmen tympani (n=30), lateral mastoid fistula
(n=2) and labyrinthine fistula (n=1) were observed in CSOM
with cholesteatoma. All these patients underwent surgical
intervention that confirmed the diagnosis of the presence of

Correspondence to: Dr. Mohamed S. Sadek, The Department
of Diagnostic Radiology, Faculty of Medicine,
Assiut University, Assiut, Egypt

4015

cholesteatoma in all these patients. But it also added the
presence of lateral mastoid fistula and labyrinthine fistula in
1 other patient and discovered the presence of facial nerve
injury in 1 patient.

Conclusion: MDCT scanning has limitations, but it is a
useful in diagnosis, staging and surgical management of
patients with middle ear Cholesteatoma.
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Introduction

CHRONIC Suppurative Otitis Media (CSOM) is
a potentially serious disease due to complications
that may be life-threatening [1]. CSOM is a perfo-
rated tympanic membrane with persistent drainage
from the middle ear lasting >6-12 week. Chronic
suppuration can occur with or without cholesteato-
ma, and the clinical history of both conditions can
be very similar. The treatment plan for cholesteato-
ma always includes tympanomastoid surgery with
medical treatment as an adjunct [2,3].

Therefore, the clinician treating chronic otitis
media must always have a high index of suspicion
in order not to miss a critical diagnosis. Imaging
studies, especially CT, can provide information
regarding the anatomy of temporal bone and the
extent of disease, which may not be apparent based
on clinical findings alone [4].

Pre-operative Computed Tomography (CT) is
an excellent technique for demonstrating even
small abnormalities of the thin and complex bony
structures of the middle ear, it is the modality of
choice in the study of conductive hearing loss [5,6].

The incorporation of Multidetector Computed
Tomography (MDCT), by reconstructing the image
in any plane, with acquisition in few seconds and
with a tolerable position for all patients, enables
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adetailed observation of the ear's anatomic repairs
and progress [7].

The objectives of this study were to evaluate
the role of MDCT in diagnosis of CSOM with or
without cholesteatoma and staging of middle ear
cholesteatoma and assess its impact on the selection
of the surgical procedure.

Patients and M ethods

A prospective study between May 2015 and
May 2016 included 20 patients with mean age was
30.4+16.7 years (range 17-75 year). There were
18 males (60%) and 12 females (40%) who referred
from Ear, Nose and Throat (ENT) outpatient clinic,
Assiut University Hospital with middle ear symp-
toms. This study was approved by the local insti-
tutional review board and the Ethics Committee
of our faculty. A written informed consent was
obtained from all patients.

Inclusion criteria:

Patients in different sex and age groups with
middle ear diseases.

Exclusion criteria;

* Any general contraindications of CT as pregnancy
and renal impairment in case of contrast injection.

* Patients with history of previous operations.

Methods:

Pre-operative evaluation:

* Clinical evaluation by complete ENT examination.
* Laboratory evaluation before surgery.

* MDCT examination.

The non-contrast enhanced MDCT examination
is performed on 16-row multidetector CT scan
(Light Speed; GE Healthcare, Milwaukee, WI) by
using a standard temporal bone protocol in the
standard axial plane with helical technique and
volumetric acquisition (120kv, 200mA, rotation
time of 0.8 seconds, thickness of the section of
0.6mm, 0.3mm reconstruction interval, and field
of view of 240mm and the CT dose average 1400m
GYcm). The raw data were reconstructed by using
a bone algorithm to provide optimal visualization
of the bony anatomy of the temporal bone. The
head of the patient was in a neutral position and
the time of study was of 4 to 6 seconds. The scan-
ning plan was parallel to the orbito-meatal line.
Intravenous injection of 100mL of nonionic contrast
medium (nonionic Ultravist 370, Schering, Berlin,
Germany) at arate of 2mL per second was carried
out in 3 patients suspected to have intracranial
complications.

» 2D Multiplanar Reformatted (MPR) for recon-
struction and post-processing: The dataanalysis
was performed on advantage workstation. The
tempora bone was acquired in the axial plane
and reformatted coronally with 1.0-mm incre-
ments.

Cholesteatoma staged according to proposed
Site-Ossicles-Complications (SOC) classification
System 8 as followed:

S 1: If the cholesteatomais restricted to the site
where it had started.

S2: When the disease extends to another site.
S3: If it affects three sites.
S4: If it affects four sites.

S5: Cases in which the primary siteis affected plus
four or more sites are also involved.

Authors distinguished seven sites used in this
classification: Attic, antrum, middle ear, mastoid,
auditory tube, labyrinth and middle fossa.

OQ0: If the ossicle chain isintact.

O1: If incusis eroded but without chain disconti-
nuity.

O2: If incus and stapes suprastructures are eroded.

O3: If the malleus head and incus are absent and
stapes superstructure is eroded.

CO: When there is no complication.
C1: If there is one complication.
C2: If there are two or more complications.

Regarding complications, the authors considered
lateral semicircular canal fistula, facial palsy, total
sensorineural auditory loss, sinus thrombosis, and
intracranial invasion.

Surgery:
According to the disease, the patients were
subjected to different surgical procedures.

Satistical analysis:

Statistical Package for Social Sciences (SPSS)
Version 20 for Windows (SPSS Inc.; Chicago, IL;
USA), was used for data analysis. The patients
characteristics are expressed as ranges and means,
(SDs) for continuous data and as frequencies (per-
centages) for categorical data. Sensitivity, specif-
icity, positive, and negative predictive values and
diagnostic accuracy were reported for pre-operative
MDCT regarding the intraoperative results as the
gold standard.
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Results

Computed tomography scans of 30 patients
showed soft-tissue mass that filled the middle ear
cavity completely or locally in the tympanic and
atticoantral cavities. Intraoperative findings re-
vealed the presence of soft tissue in each patient,
showing that CT imaging had 100% consistency.
No ossicular erosion was observed among group
1 patients while CT imaging of group 2 showed
eroded scutum (n=20), eroded ossicles (n=20),
intact tegmen tympani (n=20), lateral mastoid
fistula (n=2), and labyrinthine fistula (n=1). Figs.
(1,2) (Table1).

All these patients underwent surgical interven-
tion. In group 1 it confirmed the diagnosi s of
chronic otitis media and mastoiditis and exclude
the presence of cholesteatoma. In group 2, it con-
firmed the diagnosis of the presence of cholest-
eatomain all 20 patients of group 2. But it also

Table (1): Pre-operative MDCT and operative findingsin 30
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added the presence of lateral mastoid fistula and
labyrinthine fistulain 1 other patient Fig. (3) and
discovered the presence of facial nerveinjury in
1 patient (Table 1). No intracranial extension was
observed.

Pre-operative MDCT can detect middle ear
aeration, ossicular and scutum erosionsin all 30
patients that was consistent with operative results
giving 100%, 100% and 100% specificity, sensi-
tivity and diagnostic accuracy respectively.

Regarding mastoid air cells, MDCT depict
normal aeration in 6 patients with 100% accuracy,
while partial opacification and complete opacifi-
cation had 42.9%, 100% specificity respectively
and 100%, 13% sensitivity respectively and 46.7%
and 36.7% accuracy respectively.

The staging of cholesteatoma was summarized
in (Table 3).

Table (2): Diagnostic accuracy of pre-operative MDCT com-
pared to operative results.

patients.
Variable MDCT Operative
findings findings
Middle ear aeration:
Normal aeration 0 (0%) 0 (0%)
Partial opacification 12 (40%) 12 (40%)
Complete opacification 18 (60%) 18 (60%)
Mastoid air cells:
Normal aeration 6 (20%) 6 (20%)
Partial opacification 2 (6.7%) 18 (60%)
Complete opacification 20 (66.6%) 3 (10%)
Mastoid fistula 2 (6.7%) 3 (10%)
Scutum:
Eroded 11 (36.7%) 10 (33.3%)
Intact 19 (63.3%) 20 (66.7%)
Ossicles:
Intact 10 (33.3%) 10 (33.3%)
Partially eroded 8 (26.7%) 8 (26.7%)
Completely eroded 12 (40%) 12 (40%)
Tegmen tympani:
Intact 30 (100%) 30 (100%)
Facial nerveinjury:
Yes 0 (0%) 1 (3.3%)
No 30 (100%) 29 (96.7%)
Labyrinthine fistula:
Yes 1 (3.3%) 2 (6.7%)
No 29 (96.7%) 28 (93.3%)

Sensi-  Speci-  ppv Accu-
tivity  ficity NPV racy
Middle ear:
* Normal aeration 1000 1000 100.0 100.0 100.0

« Partial opacification 1000 1000 100.0 100.0 100.0
« Complete opacification  100.0 100.0 100.0 100.0 100.0

Mastoid air:

» Normal aeration 1000 1000 100.0 100.0 100.0
« Partial opacification 100.0 429 111 100.0 46.7
« Complete opacification  13.6 100.0 1000 296  36.7

« Scutum erosions 100.0 1000 100.0 100.0 100.0
Ossicles:

* Intact 1000 1000 100.0 100.0 100.0
* Partially eroded 1000 1000 100.0 100.0 100.0
« Completely eroded 1000 1000 100.0 100.0 100.0

Table (3): The stage of cholesteatoma.

Variable 00 o1 02 03
S1
S2
S3 6 cases
A 5 cases 8 cases 7 cases
S5 4 cases
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Fig. (1): A 34-years old female patient complaint from right ear discharge. MDCT axial image (A,B) and coronal reformatted image (C,D)
showed near total opacification of the right middle ear cavity, complete erosions of the ossicles (A,B), eroded scutum (C, short black
arrow) and compl ete opacification of the right mastoid air cells with loss of the fibrous septae (D, long black arrow). Post-operative
data confirmed the presence of right sided cholesteatoma (stage S5O3C2) with lateral mastoid fistula and labyrinthine fistula.

(A) (Axial Rt side) (B) (Coronal Rt side)

(C) (Axial Lt side) (D) (Coronal Lt side)

Fig. (2): A 30-years male patient complaint from bilateral ear discharge. Axia and coronal reformatted MDCT images (A-D) showed bilateral
compl ete opacifications of the middle ear cavities and mastoid air cells bilaterally eroded scutum and bilaterally partially eroded ossicles
(except stapes on the right side, B and malleolus on the left side, C black arrows). Post-operative data confirmed the presence of bilateral
cholesteatoma stage (RT side: Stage S4 O3 CO, Lt side: Stage S402C0).
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Fig. (3): A 40-years male patient presented by left purulent ear discharge for 1-year duration. Axial and coronal reformate MDCT images (A-
D) showed complete opacification of the left middle ear cavity, the left mastoid air cells occupied by soft tissue mass lesion with
destruction of the fibrous septae (black arrows), eroded scutum, completely eroded ossicles, intact tegmen tympani. Oblique coronal
reformatted right normal side (E) and left diseased side (F) revealed left labyrinthine fistula (black arrow) and facial nerve injury.
Post-operative data confirmed the presence of left sided cholesteatoma with left mastoid fistula and added the presence of left

labyrinthine fistula and left facial nerve injury (stage S503C2).

Discussion

CSOM still prevails as one of the most common
otological problems encountered worldwide espe-
cially in the developing countries, neglect of the
disease causes progression to cholesteatoma for-
mation and complications. Modern high-resolution
MDCT have allowed for earlier diagnosis when

signs and symptoms are present. CT produces
excellent images of middle ear soft-tissue masses

and appears to be the diagnostic method of choice
for cholesteatomas. CT images provide a more
precise definition of the anatomic extent of the

disease of the middle ear and the relationship of
cholesteatoma masses to the contiguous structures

19].



4020 Role of Multi-Detector Computed Tomography in Diagnosis & Staging of Cholesteatoma

CSOM without cholesteatomaisindicated on
MDCT when air cells appear opaque by soft tissue
or fluid densities but maintain their normal trabec-
ular pattern or whenever there is obliteration of
mastoid antrum and periantral cells by increased
reactive bone formation sclerosis [10]. In our series,
10 patients had these CT features. These were
confidently labeled as CSOM. Complete opacifi-
cation of the middle ear with no bony destruction
makes radiologic differentiation of cholesteatoma
from middle ear effusions and granulation tissue
difficult, if not impossible [10,11] . The presence of
an air-fluid level or a soft tissue (fluid) massin
the dependent portion of the middle ear would
render support to adiagnosis of effusion [10].

One of the important advantages of the MDCT
scan is the detection of early cholesteatoma with
subtle bony erosion or ossicular displacement. This
early detection by CT scan with the use of asimple
noninvasive surgical technique (atticotomy) can
preserve hearing [12] . Cholesteatomain hidden
areas, such as the posterior tympanic recess, may
berevealed by CT even if it is not detected by
otologic examination [13].

In the current study, non-dependent, homoge-
neous and polypoidal soft tissue densities were
present in the mastoid antrum and middle ear cavity.
In some of our cases, soft tissues occupied all
spaces at the time of CT study with antral expan-
sion, abutting the ossicular chain and bulging into
the external auditory mesatus. These patients were
considered as having equivocal features with pos-
sibility of CSOM and possibility of associated
cholesteatoma. Our study showed that all patients
with cholesteatoma had at least one of the CT
criteriaindicating cholesteatoma. We observed
cholesteatoma formation in 20 patients with scutum
erosions (n=20/30) and loss of the ossicular integ-
rity (n=20/30) of cases. MDCT revealed these
findings with 100% accuracy. this was in agreement
with Mahmuto™glu et al., [14] who reported that
MDCT revealed these findings with 100% sensi-
tivity and they concluded that the best diagnostic
indicator of acholesteatoma is a mass-like soft
tissue located in aretraction pocket in the poster-
osuperior quadrant of the Shrapnell membrane,
causing widening of Prussak space and scutum
erosion. Also, Chee and Tan [15] who concluded
in their series of 36 patients that 34 patients (94.4%)
had been correctly diagnosed by CT.

The literature reports various rates regarding
the preoperative evaluation of ossicular chain
destruction via CT. In the current study, the entire
ossicular chain erosion occurred in all patients

with cholesteatoma. The literature presents the
same frequency, with sensitivity ranging from 80%

to 100% [16] . ElI-Essawy et al., [17] in a series of
32 cases concluded that temporal bone complica-

tions including bone erosion and cavity formation
were seen in al patients with cholesteatoma (100%)

which was similar to our study.

On the other hand, many otol ogists emphasize
the difficulty of evaluation, especialy the stapes
destruction [18-21] . Mahmuto™glu et al., [14] observed
destruction of malleus at rate of 86%o, incus at
84%, and stapes at 54% and the entire ossicular
chain at rate 68%. In our series, we observed
destruction of entire ossicular chain in 55% while
both incus and stapes in 30% of patients.

In our series, well-pneumatised mastoid was
seen in 20%, sclerotic in 66.6% and partial pneu-
matized in remaining 6.7%. These values are com-
parable to studies by Rai 22 who found well-
pneumatised mastoid in 44% and poorly pneuma-
tised in 56% patients with 100% sensitivity and
specificity to know the type of mastoid pneumati-
sation. This agreed with our current findings. Also,
Razek et al., [23] reported 79% sensitivity of MDCT
for detection of mastoid involvement.

Complications of cholesteatoma occur when
the lesion erodes the anatomical boundaries of the
middle ear, antrum, and mastoid or involves the
facial nerve. The most common complications are
lateral semicircular canal fistula, facial canal ero-
sion, and tegmen tympani erosion [14].

No intracranial complications were detected in
all 30 patients. In the current study, integrity of
tegmen tympani was assessed by MDCT with
accuracy 100%. Thiswas in agreement with
Mahmutoglu et al., [14] who reported that CT scan
was highly sensitive for dural height with nearly
100% sengitivity.

Overall sensitivity of associated complication
was 60% in the current study, as Labyrinthine
fistulawith involvement of the lateral semicircular
canal was reported in 6.7% of patients with chole-
steatoma similar to Razek et al., [23] seriesfindings
that was 7%. It agreed with Bardth and fellows 24
concluded in their study that the labyrinthine fistula
may occur with a prevalence of 5-10% of patients
with chronic ear infection due to cholesteatoma.

A dehiscence of the bony canal of the facial
nerve was observed only intraoperatively in 3.3%
of our series. However, minor bony defects may
stay undetected because of multiplanar and tortuous
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route of the facial canal. Multiple planes of view
are necessary for an optimal image of the canal
[25]. Fuse et d., [26] have found that computerized
tomography coincided with surgical findingsin
75% of cases with 66% sensitivity and 84% spe-
cificity.

David et d., [27] stated that pre-operative dem-
onstration of facial nerve canal involvement was
often difficult not only because of the small size
of the facial nerve canal but also dueto its oblique
orientation and the presence of developmental
dehiscence.

There are afew limitations of this study. First,
the study included a small number of patients;
second; this study was conducted on 16 multi-
detector CT scanners. Using of higher multi-
detector CT scanners may improve the image qual-
ity and help to assess the role of 3D and VR recon-
struction in middle ear pathologies and their com-
plication.

MDCT is helpful in determining the anatomy
of the middle ear and mastoid and the extent of
the disease. In addition, MDCT scanning serves
as aroad map to assist the surgeon during cholest-
eatoma surgery. Although MDCT cannot reliably
distinguish cholesteatoma from mucosal disease
and fluid, coexistence of soft tissue density in the
epitympanic region and bone erosion is suggestive
of cholesteatoma. We concluded that pre-operative
MDCT has limitations, but it is a useful adjunct
for the surgical management of patients with middle
ear diseases.

Conclusion:

Severa conclusions were derived based on our
study results:

* MDCT is helpful in determining the anatomy of
the middle ear and mastoid and the extent of the
disease.

* MDCT scanning is a unigue method of detection
of early cholesteatoma as well as detection of
cholesteatoma in hidden areas. In addition, MDCT
scanning serves as aroad map to assist the surgeon
during chol esteatoma surgery.

* MDCT cannot reliably distinguish cholesteatoma
from mucosal disease and fluid.

* Coexistence of soft tissue density in the epitym-
panic region and bone erosion is suggestive of
cholesteatoma.

* MDCT occasionally gives the erroneous impres-
sion of lateral semicircular canal fistulization,
tegmen tympani erosion, and facial nerve involve-

4021

ment due to volume averaging of the thin bony
covering of these structures with adjacent soft
tissues.

* MDCT may affect the decision regarding the type
of operation (mastoid pneumotisation, attic block-
age/intact canal wall, canal wall down, atti-
coantrotomy) and can provide surgeons with a
warning about possible difficulties due to ana-
tomical variations (e.g., low-lying dura, anteriorly
placed sigmoid sinus). This could help prevent
surgical complications.

We conclude that MDCT scanning has limita-
tions, but it is auseful adjunct for the surgical
management of patients with middle ear diseases.
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