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ABSTRACT

Background: Cholesteatoma is a sac-like growth inside the temporal bone
that can cause bone disintegration and intracranial problems. CT is the
preferred imaging method for diagnosis, but MRI is needed for better
soft tissue resolution. Recurrent Cholesteatoma may require a second
surgery for diagnosis. DW-MRI is a useful tool for studying
Cholesteatoma.

Aim of the work: The current study evaluated the diagnostic performance of
diffusion weighted magnetic resonance imaging [DW-MRI] and
computed tomography [CT] in Cholesteatoma and the usefulness of
DW-MRI in identifying residual or early recurrence from post-operative
alterations.

Patients and Methods: A study was conducted at Al-Azhar University
Hospital to assess patients with suspected Cholesteatoma. The study
included 30 patients, both males and females, ranging in age from 15
to 60 years. Exclusion criteria included contraindications to MR1 or CT
examinations and recent middle ear surgery. The assessment of patients
included a clinical examination and review of previous radiological
examinations. CT imaging was performed using a multi-detector CT
scanner, while 2-DW-MRI imaging was conducted using a 1.5 Tesla
magnetic resonance scanner. Additional sequences were added to aid
in anatomical localization.

Results: This study found that DWI MRI had 84.6% sensitivity and 100%
specificity, while CT had 52% sensitivity and 60% specificity. The
accuracy values of DWI MRI and CT were 86.66% and 53.33%,
respectively.

Conclusion: Both DWI and CT can diagnose Cholesteatoma, however
DWI MRI has a higher diagnostic rate than CT. Using both together
delivers better results, accurate diagnosis, and better surgical guidance.

Keywords: Cholesteatoma; Middle Ear; Magnetic Resonance Imaging; Diffusion Weighted; Computed

Tomography.
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INTRODUCTION

A cholesteatoma is characterized by the
development of a sac bordered by squamous
epithelium that develops inside pneumatized portions
of the temporal bone and includes collections of
keratin debris. It might have been present from
birth or developed later [congenital or acquired]
of all cholesteatoma, only 2% are of the congenital
form [,

Early identification and detection are critical
for effective treatment. This is related to the tumor's
expansile growth capacity, as well as its erosive
and destructive properties. This ultimately leads
to the disintegration of the surrounding bones. As
the illness progresses, it may cause facial nerve
and inner ear injuries, as well as intracranial
problems [such as meningitis and brain abscess].
These intracranial problems are accountable for
the probable mortality linked with the illness [,

The clinical aspects determine the diagnosis.
Otoscopy and otomicroscopy are the foundations
of diagnosis in conjunction with radiological results.
The preferred imaging approach is computed
tomography [CT] Bl CT with spatial resolution
allows for visualization of the tympanic cavity's
bony components and walls. The CT results are
extremely specific for the disorder and lead to an
accurate diagnosis, particularly in cases of acquired
cholesteatoma. However, the nature of soft tissues
[e.g., inflammatory, granulation or scar tissue,
cholesteatoma] could not be recognized due to the
inferior tissue resolution of CT compared to MRI 1,

An imaging modality with a higher discrimination
power of soft tissues, other than CT [for example
MRI] is required to yield a higher diagnostic value
for acquired cholesteatomas situated in atypical
locations, cholesteatomas without clear bone
erosions, and congenital cholesteatomas, where
bone references are lost 1.

In tympanoplasties, there is no imaging
technique that enables the diagnosis of recurrent
cholesteatomas. It is evident mainly in closed
tympanoplasties due to preservation of the
posterior wall of the external ear canal. Thus,
there is a need for a second surgery “second-
look™ for their diagnosis. This “second-look™ is
recommended to be done on a regular basis [6
mo. and 1 year] after closed tympanoplasty ©1.

Diffusion weight imaging [DWI1] is a specific
type of MRI. Its mechanism is based on the
detection of water molecule diffusion within tissues.
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This can be measured using the "Apparent Diffusion
Co-efficient [ADC]". Restricted diffusion is
reflected by a low ADC value, and vice versa.
Cholesteatoma induces diffusion limitation and
is identified as a hyper intense focus on the DW
sequence. DW-MRI is a useful imaging modality
in the study of Cholesteatoma [ 81,

The aim of this study is to evaluate diagnostic
performance of DW-MRI along with CT in
patients with cholesteatoma and importance of
DWI in delineating residual or early recurrence
of cholesteatoma from post-operative changes.

PATIENTS AND METHODS

We conducted this study between May 2023
and April 2024. The Department of Radio
diagnosis at Al-Azhar University Hospital [New
Damietta] completed it. It included 30 patients
[18 males and 12 females]. Their ages ranged
between 15 and 60 years. Clinical suspicion of
Cholesteatoma exists in these patients.

Inclusion criteria included patients had a
suspicion of Cholesteatoma, either a new one or
arecurring one, and had symptoms like persistent
or recurring discharge from the ear and gradual
loss of hearing. The otoscopic examination revealed
either a marginal tympanic membrane perforation
or an attic retraction pocket, without any preference
for age or gender.

Exclusion criteria included any contraindications
to the use of MRI [e.g., metallic prosthesis, artificial
pacemakers, or claustrophobic] or CT examination
[e.g., pregnant females] and patients with recent
middle ear surgery less than 6 months.

Ethical considerations: Our institution's
local research and ethics committee reviewed
and approved the study protocol number DFM-
IRB00012367-23-11-002, approval date 25-11-
2023. We obtained informed consent from all
participants before including them in the study.

Methods: All patients were assessed clinically.
The referred clinician achieved this assessment by
inquiring about the patient's history, conducting
a clinical examination, and reviewing the previous
radiological examination. Additionally, we submitted
all patients to the following:

1. CT Imaging: We completed an axial volume
scan [section thickness of 0.67 mm, an increment
of 0.67 mm, 120 Kv] with coronal and sagittal
reformations [0.67 mm] parallel and perpendicular
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to the lateral semi-circular canal on a 160-row
multi-detector CT scanner [TOSHIBA Aquilion
Prime].

2. DW-MRI Imaging: We performed 2-
DW-MRI imaging on a 1.5 Tesla magnetic
resonance scanner [Philips Acheiva, Netherlands],
using surface coils with a small field of view and
thin sections with a slice thickness of 2.3 mm.
Coronal T2W and axial T1W sequences are added
to aid in anatomical localization.

RESULTS

This study included thirty subjects. Their
ages ranged from 15 to 60 years [mean age: 38
years]. They were 18 males [40%] and 12
females [60%]. The condition was represented
more in the second and third decades and more
in males.

Of all the included subjects, 21 [70%] had
undergone primary mastoid surgery. However, 9
[30%] had a negative past history of surgery.

In addition, 19 subjects were symptomatized
on the right side [63.33%], 9 on the left side
[30%], and 2 had bilateral symptoms [6.66%].
All subjects had painless otorrhea. However, 20
[66.66%] had variable degrees of hearing loss,
and 6 cases [20%] complained of tinnitus [clinical
presentations are depicted in Table 1].

According to lesion localizations, 19 were at
epitympanum, 7 at mesotympanum, and 4 were
at hypo tympanum. According to distribution
according to ossicular bone erosions, 22 [73.3%]
showed areas of DWI restriction within the middle
ear, indicating primary or recurrent cholesteatoma,
while 8 [26.66%] didn’t show significant middle
ear DWI restriction. In addition, 15 cases showed
areas of iso-dense opacities in the middle ear on
the CT study; two cases of them [13.33%] didn’t
show significant DWI restriction, while the other
15 cases didn’t show significant CT opacities; nine
cases of them [60%] showed middle ear DWI
restriction.

All 22 cases that showed evidence of primary
or recurrent Cholesteatoma on DWI MRI images
underwent primary or second-look mastoid surgery,
while all cases [100%)] showed intraoperative and/
or histopathological evidence of cholesteatoma.

Of the eight subjects who were negative for the
condition on DWIs, 4 [50.0%] were submitted to
primary or second-look mastoid surgery. They
showed small Cholesteatoma [< 4 mm] [not
visualized by DWIs]. The other 4 [50%] showed
only granulation and/or inflammatory tissue with
no evidence of Cholesteatoma. The above results
indicate that MRI DW!I is more sensitive and
specific than CT studies in the diagnosis of middle
ear Cholesteatoma [Tables 2 and 3].

Table [1]: Distribution of patient clinical presentations

Clinical presentation Frequency Percent
Otorrhea 30 100%
Hearing loss 20 66.66%
Tinnitus 6 20 %
Right sided symptoms 19 63.33%
Left sided symptoms 9 30%
Both sides symptoms 2 6.66%

Table [2]: correlation of CT & DWI finding intraoperatively

Diagnostic value

Sensitivity

Specificity

Accuracy

Positive predictive value
Negative predictive value

Imaging Modality

MRI DWI CT
84.6% 52 %
100 % 60 %
86.66% 53.33%
100 % 86.66%

50% 20%

Table [3]: Diagnostic values of MRI DWI & CT in detection of cholesteatoma according to our study

True Positive
22
13

Imaging Modality
DWI MRI
CT

False Positive

2
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Ture Negative False Negative  Total
4 4 30
3 12 30
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Figure [1]: A 51-year-old female, complaining of right painless otorrhea. CT and MRI were requested. [A], [B]: axial &
coronal CT petrous bone: showing soft tissue density almost obliterating the right middle ear cavity, with opacification of right
mastoid air cells, with no evidence of ossicle erosions or intracranial extension, tegmentum tympani is intact. [C]: Axial T1 WI
showing iso intense soft tissue signal occupying the right middle ear cavity. [D]: coronal T2 WI: the lesion eliciting high SI.
[E]: DWI: the lesion shows high SI which representing restricted diffusion. [F]: ADC map: the lesion eliciting hpo SI.

DISCUSSION

The current study evaluated the diagnostic
value of DWI-MRI along with CT in patients
with cholesteatoma and the significance of DWI
in distinguishing residual or early recurrence of
Cholesteatoma from post-operative changes. We
compared the results with intra-operative data
from mastoid surgeries, follow-up data, and
obtained histopathological data.

According to our study, DWI had a sensitivity
of 84.6% in diagnosing cholesteatoma. This
percentage is considerably better than previous
studies such as Nash et al. [ who reported a
sensitivity of 63.6%. However, our reported
sensitivity was lower than other studies [88%, 89.3%,
and 100.0%] %2, The studies by Xun et al. %
and Laske et al. ™I included a large sample of
patients, and the study by Osman et al. *?included
only subjects with recurrent conditions. This could
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explain the heterogeneity of sensitivities. The
specificity of DWI in detecting cholesteatoma was
100%, which is better than most studies [90% for
Osman et al. 2 and 93% for Xun et al. 291],

In the current study, the smallest size of
cholesteatoma detected was 4.5 mm. This is
slightly better than van der Toom et al. 8], Sun
etal. ™ and Cavaliere et al. 41, In those studies,
the smallest size was 5 mm. However; the smallest
detected size in the current work is larger than
Sheng et al. ¥ who can detect size [2 mm)]. They
used readout-segmented echo-planar imaging
[RESLOVE] and the TGSE BLADE technique,
a new technique that has markedly improved the
image signal-to-noise ratio [SNR] and decreased
image distortion.

In the current work, we could say that using
DWI is a beneficial method in the evaluation of
Cholesteatoma [either primary or recurrent]. It
had excellent specificity, which reduced the need
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for “second-look” surgery for many subjects. It
also had an accepted sensitivity and the smallest
detectable size when compared to other studies,
as described previously. In addition, the CT
assessment had a sensitivity of 52%, which is
better than Osman et al. [*2 who reported a
value of 47.6%, and less than Xun et al. [°,
who reported a value of 68%. The first author
reported values for recurrent conditions, while
the second author included a larger sample of
subjects [80 patients].

On the other side, our CT study's specificity
is about 60%, which is better than Cavaliere et
al. "1 who reported a value of 50% and less than
Xun et al. 1% and Foti et al. 1281, who reported
values of 78% and 87.5%, respectively.

The study has several limitations including
a relatively small sample size of the studied
population, multiple cases presenting months or
years after initial symptoms possibly leading to
increased lesion size and a falsely elevated study
sensitivity, unassessed evaluation of contrast-
enhanced T1-weighted imaging, and primarily
relying on intraoperative findings without histo-
pathological confirmation in most cases.

Conclusion: Both DWI and CT have good
levels for diagnosis of cholesteatoma, Although
DWI MRI has a high level of diagnosis more
than CT, using both of them in correlation to
each other gives a more a good results, accurate
diagnosis and more excellent guidance for better
surgical outcome. Recommendations for future
studies include conducting research on a larger
sample size and reducing the time interval between
the initial or recurrent presentation and the MRI
assessment.
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