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Abstract

Cholesteatomas are benign tumors composed of skin-related substances. They can extensively infiltrate the ear and compromise sur-
rounding structures, requiring surgical removal. Computed tomography can assist with surgical planning by illustrating the position
and impact of the cholesteatoma. Recent advancements in magnetic resonance imaging have demonstrated enhanced visualization of
cholesteatomas. Whereas additional surgical intervention was formerly necessary to identify cholesteatoma recurrence, magnetic reso-
nance imaging can now often serve as an alternative. This paper reviews the current evidence on diagnosing, managing, and following
up with patients with cholesteatoma. It also presents an interesting case that highlights the value of diffusion-weighted imaging (DWI),

even in cases of initial diagnosis.
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Introduction

Cholesteatoma is a rare but serious condition where an
abnormal collection of skin cells forms in the middle ear,
often as a result of chronic ear infections or poor eusta-
chian tube function.!! Cholesteatomas are classified into
two main types: congenital and acquired. Congenital cho-
lesteatomas are uncommon (4%-24% of cholesteatomas
overall), develop in children and are typically found in-
cidentally as a white mass behind an intact eardrum.?*
Acquired cholesteatomas are more prevalent and develop
later in life. They predominantly arise from chronic sup-
purative otitis media (CSOM), characterized by persistent
ear discharge (otorrhea). They can be further categorized
into those associated with a retraction pocket (primary
acquired cholesteatoma) or those associated with a per-

foration (secondary acquired cholesteatoma). Acquired
cholesteatomas can be characterized based on their sites
of origin as either pars flaccida (about 80% of cases) or pars
tensa (approximately 20% of cases), which can erode local
structures if left untreated.

Diagnosing cholesteatoma requires ruling out other con-
ditions that might cause similar symptoms, such as chronic
otitis media, tympanic membrane retraction without cho-
lesteatoma, and tumors in the ear or temporal bone.[®!

Thus, the diagnosis of cholesteatoma involves a combi-
nation of clinical evaluation, imaging studies, and, in some
cases, audiometric testing. Treatment is always surgical and
post-operative follow-up is necessary. Here is an overview
of the diagnostic process, treatment, and follow-up of these
patients.
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Diagnostic procedure

Clinical history and physical examination

Patients often present with symptoms like chronic ear
drainage (otorrhea with bad smell), recurrent otitis me-
dia, hearing loss, a feeling of pressure or fullness in the ear,
tinnitus, dizziness, or even balance problems. Sometimes,
facial weakness or paralysis may occur in more advanced
cases due to involvement of the facial nerve. An otoscopy
is essential to inspect the ear canal and eardrum (tympanic
membrane). A cholesteatoma may appear as a white or yel-
lowish mass behind the eardrum or in the middle ear space.
The eardrum may be retracted or perforated.!”’

Imaging

A high-resolution computed tomography (CT) scan of the
temporal bone is the primary imaging tool for cholestea-
toma diagnosis. The CT scan helps assess the extent of the
disease and its correlation to important anatomical struc-
tures, showing erosion of the bony structures in the mid-
dle or inner ear (like the ossicles, mastoid bone, horizontal
semicircular canal, or even the facial nerve canal). There-
fore, CT is essential for surgical planning. The negative
predictive value is high when the middle ear and mastoid

are well aerated and clear of bone erosion.8! But opacifica-
tion of the middle ear can complicate the differentiation of
cholesteatoma from other middle ear substances, such as
granulation tissue, fibrosis, or fluid.

Magnetic resonance imaging (MRI) is not usually the
first-line diagnostic tool but may be used in certain situa-
tions to differentiate cholesteatoma from other middle ear
masses or when recurrence is suspected after surgery. Cho-
lesteatomas are of high T2W signal and intermediate to low
TIW signal. Nonetheless, distinction from other middle
ear disorders is constrained on typical anatomical process-
es. Diffusion-weighted MRI (DWI) is particularly useful
in detecting cholesteatomas and postoperative recurrenc-
es without exposing the patient to radiation. Furthermore,
DW-MRI is particularly effective in identifying small cho-
lesteatomas, as small as 3-4 mm, which can be missed on
standard imaging techniques like CT or T1/T2-weighted
MRI. This is particularly important for congenital choles-
teatomas, which can be present even in asymptomatic chil-
dren or in those with minimal symptoms (Fig. 1)."’

Audiometry

A formal audiometric evaluation can assess the degree and
type of hearing loss associated with cholesteatoma. Typi-
cally, the hearing loss is conductive, meaning that sound
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Figure 1. Flow chart indicating pre-operative and post-operative imaging strategies for the evaluation of cholesteatoma.['¢]
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is blocked from passing through the middle ear structures.
However, in more advanced cases, sensorineural hearing
loss can occur if inner ear structures are affected.”!

Surgical management

In some cases, definitive diagnosis may require direct visu-
alization during surgery. If the cholesteatoma is suspected
but not definitively confirmed by imaging, an exploratory
tympanomastoidectomy may be performed, allowing the
surgeon to see and remove the cholesteatoma. Histopatho-
logical examination should confirm the diagnosis of cho-
lesteatoma if the mass is removed surgically.

The predominant method for excising a cholesteatoma is
through a retro-auricular route. This is classified based on
the removal of the posterior external auditory canal (EAC)
wall, either as canal wall down mastoidectomy (CWDM)
or canal wall up mastoidectomy (CWUM). Minimally in-
vasive endaural or transcanal techniques can be utilized for
smaller cholesteatomas, involving restricted bone excision
such as atticotomy or atticoantrostomy. Endoscopic pro-
cedures are increasingly utilized, and precise definition of
lesion extent is essential for optimum patient selection and
to prevent conversion to open surgery.!!%

In adults, the surgical method markedly affects the like-
lihood of residual disease, with elevated rates observed after
CWUM (9%-70%) in contrast to CWDM (5%-17%).11] In
pediatric patients, the incidence of residual disease is no-
tably elevated (16%-54%); however, the surgical method
does not seem to have a substantial impact.['?l However,
when the EAC wall is intact, any remaining cholesteatoma
is generally clinically undetectable. Consequently, until the
extensive implementation of MRI surveillance, patients
receiving CWUM necessitated a secondary surgical proce-
dure 9-12 months post-initial surgery to detect and excise
any remaining disease. The incidence of residual disease
can be diminished by employing endoscopic techniques,
which offer visibility of surgical ‘blind spots’[13]

Follow-up

Cholesteatoma is a condition that requires surgery, but
due to the risk of incomplete removal or recurrence, post-
operative imaging is crucial for long-term management.
Non-echoplanar diffusion-weighted MRI (non-EP DW-
MRI) plays a significant role in detecting recurrent or re-
sidual cholesteatoma after surgery. Non-EP DW-MRI is
preferred over traditional echoplanar (EP) MRI for its su-
perior ability to visualize small residual lesions with fewer
artifacts.!'%)

Cholesteatoma tissue shows restricted diffusion due
to its dense keratin content. Diffusion-weighted imaging
(DWI) takes advantage of this property by highlighting
cholesteatomas as hyperintense (bright) areas on imaging.
Traditional EP DWI can suffer from artifacts, especially
in regions with complex anatomy like the middle ear, due
to the presence of air-bone interfaces. Non-EP DW-MRI
overcomes these limitations by providing higher spatial

Cholesteatoma

resolution and reducing susceptibility artifacts, allowing
for better visualization of the small anatomical structures
in the middle ear. Studies have shown that non-EP DW-
MRI can detect residual or recurrent cholesteatomas as
small as 3-4 mm. It has a sensitivity range of 90-94% and a
specificity close to 100%, making it one of the most reliable
imaging tools for postoperative follow-up.!*!

Case presentation

An intriguing case is an 8-year-old boy who had undergone a
thorough examination elsewhere. Otomicroscopy revealed a
white mass beneath an intact eardrum in the left ear. Never-
theless, in the absence of tympanic perforation, otorrhea, and
hearing loss, the physicians thought it was tympanic sclerosis
(Fig. 2). A CT scan of the temporal bone revealed a mass in
the left middle ear and mastoid. However, it could not ascer-
tain if it was a congenital cholesteatoma (Fig. 3).

An MRI scan subsequently revealed fluid in the mastoid
bone, but it could not confirm the presence of a cholesteatoma
(Fig. 4). Conversely, non-EP DW-MRI revealed a small cho-
lesteatoma (4 mm) in the left middle ear (Fig. 5). The absence
of perforation, together with this finding, indicated the diag-
nosis of congenital cholesteatoma. This case underscores the
significance of DWI in initial diagnosis, since only DW-MRI
facilitated the identification of congenital cholesteatoma.

Discussion

Residual cholesteatomas can occur from incomplete remov-
al of the cholesteatoma matrix during surgery, often because
of the complex anatomy of the middle ear and mastoid.
Non-EP DW-MRI can detect these residual lesions early,
preventing further complications like hearing loss or the
need for additional extensive surgery. Although, even af-
ter complete removal, cholesteatomas can recur. Recurrent
cholesteatoma results from the reformation of a retraction
pocket. Non-EP DW-MRI is highly effective in identifying
these recurrences months or years after the initial surgery.
Cholesteatomas typically need time to regrow (2.7-4 mm
per year) and reach a size detectable on imaging, so non-EP
DW-MRI is usually performed 12 months postoperatively,
and then periodically thereafter for at least 5 years.!®]

While CT is excellent for evaluating bony erosion caused
by cholesteatoma, it cannot reliably differentiate cholestea-
toma from other soft tissue masses or postoperative chang-
es, like scar tissue. Non-EP DW-MRI, however, is specifi-
cally sensitive to the restricted diffusion characteristics of
cholesteatoma, making it more accurate for detecting re-
sidual disease. Traditional MRI, even with contrast, is less
sensitive for small cholesteatomas. EP-DWI, though useful,
is often plagued by distortion artifacts due to the nearby
air-bone interfaces in the middle ear, making non-EP DW-
MRI the preferred technique due to its reduced artifact
profile and higher diagnostic accuracy.['”)
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Figure 3. CT scan image of the temporal bone shows a mass in
the left middle ear and mastoid bone.

The clinical utility of non-EP DW-MRI is great. Before
the advent of non-EP DW-MRI, patients usually under-
went routine second-look surgery (a second operation to
ensure that all cholesteatoma tissue had been removed).
Non-EP DW-MRI has reduced the need for these invasive
procedures by providing a non-invasive, reliable way to
check for residual disease. Also it improves surgical plan-
ning."¥ When residual or recurrent disease is detected,
non-EP DW-MRI helps in precisely localizing the cho-
lesteatoma, aiding in better pre-surgical planning for any
necessary reoperation. Furthermore, non-EP DW-MRI

Figure 4. MRI scan image showing the presence of fluid in the
left mastoid bone (T2 TSE Tra).

is typically performed between 12 and 18 months after
surgery, depending on the patient’s clinical course. If no
disease is found, repeat imaging is done periodically (e.g.,
in 3 and 5 years), allowing for early detection of any recur-
rence.!!”)

Undoubtedly there are limitations to its use. While
non-EP DW-MRI is highly sensitive, very small choleste-
atomas (less than 3 mm) may still escape detection. Rep-
etition of the examination after time can overcome this
problem. Furthermore, close clinical follow-up remains
essential in patients at high risk for recurrence. Also, non-
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Figure 5. Non-EP DW-MRI image (serolve 4 scan trace Tra p2
s2 trace) shows left middle ear cholesteatoma as hyperintense
(bright) area.

EP DW-MRI is not universally available and the technol-
ogy may be more expensive than other imaging modali-
ties. However, its high sensitivity and specificity make it a
cost-effective tool in the long run by reducing the need for
unnecessary surgeries. 2’

Conclusion

Diagnosing cholesteatoma involves a combination of care-
ful history-taking, clinical examination (otoscopy), imag-
ing (mainly CT scans), and, if necessary, hearing tests or
surgery for confirmation. Early detection is crucial to pre-
vent complications, such as hearing loss, facial nerve dam-
age, or even the spread of infection to the brain. Non-EP
DW-MRI is a valuable tool in the follow-up of patients with
cholesteatoma, offering high sensitivity and specificity for
detecting residual or recurrent disease and also, in initial
diagnosis of congenital cholesteatomas. By minimizing ar-
tifacts and providing better image resolution than echopla-
nar DWI, it significantly reduces the need for second-look
surgeries and helps in early identification of disease, ensur-
ing better outcomes for patients.
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