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Abstract The objectives are to evaluate role of magnetic
resonance imaging (MRI) in diagnosis of cholesteatoma
and correlate imaging findings with intraoperative findings,
and to emphasize of role of imaging in the follow-up of
postoperative patients for differentiating residual/recurrent
cholesteatoma from granulation/inflammatory tissue. In
this prospective study, 31 patients were evaluated with a
specific MRI protocol and high resolution computed
tomography of the temporal bones. These included patients
with a strong suspicion of having a cholesteatoma on
clinical examination and postoperative cases on clinical
follow up. Based on specific MRI findings, presence of
cholesteatoma was reported in 17 out of 31 patients. All 31
patients underwent surgery and 19 patients had confirmed
intraoperative cholesteatoma. This study shows high sen-
sitivity of a specific sequence based MRI examination in
detection of cholesteatoma and in differentiating choles-
teatoma from postoperative inflammatory/granulation tis-
sue. To the best of the author’s knowledge, this is the first
such study performed in the Indian Asian population.
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Introduction

Cholesteatoma is a lesion lined with keratin producing
squamous epithelium and filled with desquamation debris.
It can be located in the external auditory canal, mastoid
process of temporal bone, middle ear cavity, or within the
petrous apex [1]. Due to it’s locally aggressive nature and
insidious clinical course cholesteatomas are potentially
dangerous, surgery being the primary universally accepted
treatment for this condition.

High resolution computed tomography (HRCT) is a
useful imaging modality for cholesteatomas. It depicts the
bony and soft tissue involvement of the mastoid—middle
ear complex, associated ossicular/facial canal erosions and
integrity of the tegmen tympani. However it cannot dif-
ferentiate between granulation/scar tissue and cholesteat-
omatous tissue [2, 3].

Magnetic resonance imaging (MRI) plays an important
role in the preoperative and postoperative diagnosis of
cholesteatomas. By using an MRI protocol of specific
sequences it is possible to characterize an indeterminate
soft tissue abnormality identified on HRCT of the temporal
bone. These MRI sequences, which include diffusion
weighted and contrast enhanced MR have the potential to
differentiate cholesteatoma from granulation tissue and
inflammatory tissue [4]. MRI is also particularly useful for
evaluating intracranial complications like dural invasion,
subdural or epidural abscess formation, and sigmoid sinus
thrombosis [5].
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Materials and Methods
Study Design

This prospective study i.e. MRI examinations of the tem-
poral bone, was performed after submission and approval
from the local ethics committee of our institution.

HRCT of the temporal bone was performed additionally
in every case for better anatomical details and especially to
look for ossicular status/bony involvement and to assess
status of the facial nerve canal.

Inclusion Criteria

1. Patients with clinical and otoscopically suspected
cholesteatoma referred from the Otorhinolaryngology
Departments of Grant Medical Foundation and KEM
Hospital, Pune.

2. Patients who had undergone previous surgery (intact
canal wall technique) for middle ear cholesteatoma.

Exclusion Criteria

Claustrophobic patients or patients with MRI incompatible
metallic implants/prosthesis in the head and neck region.

Imaging Technique

MRI with special reference to temporal bone was per-
formed on a 1.5 Tesla superconductive Nova Dual Philips
MRI Scanner using SENSE §

Flex S dual element surface coil.

The following MRI examination protocol is used in our
centre:

1. Precontrast Tl weighted (TIW) coronal images: Rep-
etition time [TR]: 25 ms; time to echo [TE]: 5.2 ms;
field of view [FOV]: 180 mm; slice thickness: 4 mm.

2. T2 weighted (T2W) coronal images: TR: 3029 ms; TE:
100 ms; FOV: 230 mm,; slice thickness: 2 mm.

3. Single shot (non-echoplanar; non-EP) turbo spin echo
diffusion weighted (SS TSE DW) coronal images: TR:
2,250 ms; TE: 63 ms; FOV: 200 mm; bfactor 0 and
800 mm?/s.

4. Delayed postcontrast-enhanced (CEMR) TIW coronal
fat suppressed images: Images were acquired 45 min-
utes after intravenous contrast injection of 0.1 mmol/
kg of body weight of gadoterate meglumine (Dota-
rem). Coronal plane was preferred over axial plane as
there were fewer artefacts.

All patients also underwent HRCT of the temporal bone
on a Multidetector CT scanner (40 slice scanner with
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40 x 0.625 detector configuration, pitch factor of 0.426,
reconstruction slice thickness of 0.67 mm with reconstruc-
tion interval of 0.3 mm and reconstruction algorithm of
360°, rotation time of 0.5 s and an image matrix of
768 x 768).

Results

31 patients (male: 20 and female: 11; age range
5-56 years, with mean age of 27 years) were evaluated
between February 2009 and December 2010. Out of 31
patients, 11 patients had undergone cholesteatoma surgery
using intact canal wall technique and were being followed
up clinically.

All four coronal MRI sequences were evaluated simul-
taneously and SS TSE DW images were considered posi-
tive for cholesteatoma if a focal hyperintense lesion (focal
area of diffusion restriction) was observed. This lesion was
correlated with other MRI sequences and coronal HRCT
images.

Cholesteatomatous tissue showed an intermediate to
hypointense signal on TIW images and was hyperintense
on the T2W images. It showed either no corresponding
enhancement or a faint peripheral rim enhancement on
delayed post gadolinium T1W images obtained 45 minutes
after the intravenous contrast enhancement. The choleste-
atoma showed a non-specific soft tissue density appearance
on coronal HRCT images. Figure 1 illustrates the typical
HRCT and MRI findings in a case of acquired
cholesteatoma.

In postoperative and/or inflammatory tissue no hyper-
intensity or diffusion restriction was seen on the SS TSE
DW images, and a brighter hyperintense signal on T2W
images was observed. Delayed post gadolinium TI1W
images showed homogenous enhancement of the tissue.
These lesions also showed a non-specific soft tissue density
appearance on coronal HRCT images.

Figure 2 illustrates MRI findings in a postoperative case
suspected to have recurrent cholesteatoma. The MRI was
negative for cholesteatoma and intraoperatively the soft
tissue abnormality was found to be due to granulation
tissue.

All examinations were classified as either positive or
negative for cholesteatoma. The greatest diameter of the
cholesteatoma was measured. Associated findings of sur-
gical relevance ie involvement of ossicles, tegmen tym-
pani, facial nerve canal, middle ear recesses, oto-
labyrinthine communication were commented on the
HRCT study and MRI images were also evaluated for
status of the facial nerve and presence of any intracranial
complications.
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CORONAL HRCT

SS TSE DW

Fig. 1 Case 1: 23 year old male patient with history of right sided
conductive hearing loss and purulent discharge. Coronal HRCT
(a) shows a soft tissue density lesion (arrow) involving right mastoid—
middle ear complex with irregular bony destruction. Focal area of
signal abnormality in right mastoid (arrows) on TIW (b) and T2W

The sensitivity, specificity, negative predictive values
and positive predictive values were calculated and com-
pared to recent existing studies in medical literature. Of the
31 patients, SS TSE DW imaging showed hyperintense
signal in 17 patients. However, cholesteatoma was found in
19 cases intraoperatively. The two false negative cases on
TSE DW imaging included a 3 mm recurrent epitympanic
cholesteatoma in a young child misinterpreted due to
movement artefacts and a very small 2 mm primary
acquired cholesteatoma misinterpreted due to use of slice

T1W DELAYED CONTRAST

(¢) coronal images shows diffusion restriction (appears bright) on SS
TSE DW (d) sequence. Delayed postcontrast (e) images reveal non-
enhancing nature of the lesion with mild peripheral rim enhancement.
The findings were interpreted as positive for cholesteatoma. Surgery
revealed right sided cholesteatoma

thickness of 4 mm. No false positive case was noted in our
study.

Sensitivity and specificity of SS TSE DW imaging for
detection of acquired cholesteatoma were 92% and 100%
respectively. Positive and negative predictive values were
100% and 85% respectively. These figures were compared
to earlier existing comparable studies conducted by dif-
ferent groups in the Western literature (Table 1).

In our study we carried out SS TSE DW imaging in 11
postoperative patients with clinical suspicion of residual/
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Fig. 2 Case 2: 30 year old female patient was operated for right
sided cholesteatoma 1 year back. She presented with symptoms of
headache, persistent right ear discharge and conductive hearing loss
on right side. Coronal T1W (a) and T2W (b) images reveal large area
of signal abnormality in right mastoid—middle ear complex (arrows).

1

= §“—

No focal area of diffusion restriction is noted on SS TSE DW
(¢) sequence. Delayed postcontrast (d) images reveal homogenous
enhancement within the lesion. This scan was interpreted as negative
for cholesteatoma. Surgery revealed presence of granulation tissue

Table 1 Sensitivity and specificity of DW imaging for acquired cholesteatoma: comparison of our study with other groups

Author Cases Technique of DW Sensitivity Specificity NPV PPV
Vercruysse et al. [26] 55 EPI DW 81 100 100 40
Khan et al. [28] 15 EPI DW 83 100 -

Foer et al. [25] 57 TSE DW 82.6 87.2 96 56.5
Our study 20 TSE DW 92.86 100 100 85

PPV positive predictive value, NPV negative predictive value

recurrent cholesteatoma. In 4 cases the images showed
clear hyperintense focal area of diffusion restriction con-
sistent with cholesteatoma. These findings were correlated
with intraoperative results. Imaging was negative for cho-
lesteatoma in 6 cases. In all these cases, intraoperative
findings showed the mastoidectomy cavity to be
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completely or partially filled with postoperative/inflam-
matory changes. There were no false positive cases.
Sensitivity and specificity were 80% and 100% respec-
tively in postoperative clinical setting. Positive and nega-
tive predictive values were 100% and 85% respectively.
These figures were also compared to earlier existing



Indian J Otolaryngol Head Neck Surg (December 2013) 65(Suppl 3):S485-S492 S489

comparable studies conducted by different groups in the
Western literature (Table 2).

Discussion

HRCT of the temporal bone is a useful imaging modality
for diagnosis, description of extension and possible com-
plications of middle ear cholesteatoma. This modality,
however, cannot differentiate between inflammatory/gran-
ulomatous tissue and cholesteatoma. It is also difficult on
HRCT to diagnose recurrent or residual cholesteatoma
after surgery. Hence this issue remains a constant dilemma
for the ENT surgeon and the imaging specialist and can, at
times, leads to an unnecessary second-look surgery.

MRI plays an important role in the preoperative and
postoperative diagnosis of cholesteatomas by characterizing
the soft tissue abnormality identified on HRCT. MR has
potential to differentiate cholesteatoma from granulation
tissue and inflammatory tissue. Diffusion weighted (DW)
imaging and delayed contrast enhanced MR play important
roles in diagnosing residual and recurrent cholesteatoma [4].

Fitzek et al. [6] first described the use of echo-planar
diffusion-weighted (EP DW) MRI to demonstrate acquired
middle ear cholesteatoma and to differentiate it from
middle ear inflammation.

DW imaging is a non-contrast enhanced MR sequence
based on the measurement of random movement of water
molecules in tissues. Different signals (ie hyperintense/
bright or hypointense/dark) can be recorded in various
tissue types by determining their diffusion coefficient in
reference to the diffusion coefficient of water [7]. In
comparison with free water molecules, bound water mol-
ecules in lesions such as epidermoid cysts or cholesteato-
mas produce an increased (bright) signal in DW images [8,
9]. DW imaging can be performed by two techniques,
echo-planar (EP) DW sequence and the non-echo-planar
single-shot (SS) turbo spin-echo (TSE) DW sequence. Two
reports in recent medical literature have compared results
of EP DW imaging and SS TSE DW imaging in the
evaluation of middle ear cholesteatoma [10, 11].

Table 2 Sensitivity and specificity of DW imaging for postoperative
recurrent cholesteatoma: comparison of our study with other groups

Author Case Sensitivity Specificity PPV NPV
Aikele et al. [29] 22 77 100 100 75
Stasolla et al. [30] 18 86 100 100 92
Vercruysse et al. [26] 45 12.5 100 100 72
Dubruelle et al. [10] 24 100 91 93 100
De Foer et al. [25] 32 90 100 100 96
Our study 11 80 100 100  85.71

PPV positive predictive value, NPV negative predictive value

The SS TSE DW sequence has fewer susceptibility
artefacts, thus reducing artefactual hyperintensities at the
bone/brain/air interface which may be erroneously inter-
preted as cholesteatoma. This sequence also has a higher
spatial/contrast resolution than the EP DW sequence and
hence can reliably pick up cholesteatomas as small as
2.5 mm [12]. Hence all our patients underwent DW
imaging using the non-echoplanar technique.

DW MRI is particularly sensitive to cholesteatoma tissue
[6, 9, 13]. Numerous reports abound in medical literature
establishing the role of DW Imaging in diagnosis of intra-
cranial and extracranial epidermoid cysts [14-20]. As middle
ear cholesteatomas have similar histopathological character-
istics to epidermoid cysts [21-23] this MR sequence forms the
mainstay of imaging work up in these conditions.

Ayache et al. [24] described the use of delayed postcon-
trast TIW sequences in demonstrating postoperative residual
cholesteatoma. Performing a TIW sequence 45 minutes after
intravenous gadolinium (a paramagnetic MRI contrast
agent), allows a distinction to be made between avascular,
non enhancing cholesteatoma and delayed homogenous
enhancement seen in inflammatory and/or scar tissue.

In our study, cholesteatomas showed either no enhance-
ment or a faint peripheral rim enhancement on delayed post
gadolinium TI1W images obtained 45 minutes after the
intravenous contrast enhancement. Postoperative inflam-
matory/granulomatous tissue, however, showed homoge-
nous enhancement on delayed post gadolinium T1W images.

Magnetic resonance imaging also has an important role
to play in evaluating associated intracranial complications
[11]. De Foer et al. [25] showed the value of MRI for the
assessment of possible complications such as erosion of the
lateral semicircular canal, invasion of the membranous
labyrinth, and invasion of the middle cranial fossa through
an eroded tegmen.

Cholesteatomatous tissue shows an intermediate to
hypointense signal on TIW images and appears hyperin-
tense on the corresponding T2W images. This hyperin-
tensity is, however, significantly less as compared to that
seen in inflammatory lesions. These specific MRI findings
differentiating cholesteatoma and inflammatory/granulo-
matous lesions are summarized in Table 3.

Table 3 MRI findings on four sequences differentiating cholestea-
toma from inflammatory/granulomatous lesions

MRI sequence Cholesteatoma Inflammatory tissue

T1W coronal Iso-heterointense Iso-hypointense

T2W coronal Iso-hyperintense Hyperintense

TSE diffusion Diffusion restriction No diffusion
coronal restriction

Delayed postcontrast No enhancement/mild ~ Homogenous
T1W coronal rim enhancement enhancement
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AXIAL HRCT} CORONAL HRCT

SS TSE DW
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<« Fig. 3 Case 3: 37 year old male patient with history of right sided

mixed hearing loss and right lower motor neuron facial nerve palsy.
Axial and coronal HRCT (a, b) show a large well-defined expansile
osteolytic lesion (asterisk) involving the right petrous apex, internal
auditory canal (IAC) and geniculate fossa with associated soft tissue
density lesion. Associated ossicular chain destruction was also noted
(arrow). Large corresponding area of focal signal abnormality is seen
on TIW (c¢) and T2W (d) axial images. The lesion shows diffusion
restriction (appears bright) on coronal SS TSE DW sequence (e).
Delayed postcontrast axial images (f) reveal non-enhancing nature of
the lesion with thin marginal rim enhancement (arrows). These
findings are highly suggestive of a petrous apex cholesteatoma.
Surgery revealed a large petrous apex cholesteatoma involving the
right geniculate fossa and extending into the right IAC

Though the middle ear cavity is the most common site
for presence of cholesteatoma, these lesions have also been
described in the external auditory canal, mastoid and pet-
rous apex [1]. Figure 3 demonstrates a large right petrous
apex cholesteatoma with extensive bony changes showing
typical MRI findings.

Drawbacks of MRI

The lack of clear visualization of the anatomical landmarks
of the temporal bone on SS TSE DW images can be
regarded as one of the major drawbacks of the sequence.
Ossicular erosion, the hallmark of cholesteatoma, cannot
be identified on MRIL

Accumulated keratin (responsible for the hyperintensity
on DW images) in the cholesteatoma sac can evacuate into
the external auditory canal and can cause false negative
finding on DW imaging. The possibility of missing small
(<5 mm) retraction pockets or evacuated retraction pockets
on DW images has been reported previously [6, 26].

Silastic sheet material has been reported to cause false
positive hyperintense signal on DW imaging [10, 27] due
to it’s magnetic characteristics and circular shape in the
mastoid leading to a wrong diagnosis of residual cho-
lesteatomas in postoperative cases. These materials are also
not readily identifiable by HRCT scan of the temporal bone
as they appear as an intermediate density lesion similar to
that of soft tissue. Radiologists should, therefore, elicit the
specific history or peruse operative notes meticulously for
mention of any foreign material to avoid an incorrect
diagnosis of residual cholesteatoma.

Delayed postcontrast imaging is a time consuming
examination and comes with an additional cost to the
patient. In very young children general anaesthesia is
required to obtain optimal diagnostic images which also
adds to the cost of the study.

In the author’s opinion it is mandatory to perform, in
addition to the MRI, a non-contrast enhanced HRCT of the
temporal bone for accurate localization & extension of the
cholesteatoma, for evaluating integrity of the ossicular

chain, identifying early erosions of the tegmen tympani/
sinus plate and confirming presence of oto-labyrinthine
fistula [2, 3, 5].

Conclusion

Cholesteatoma is a potentially dangerous, life threatening
and eminently treatable condition. The management and
prognosis depends on the early diagnosis and appropriate
surgical line of treatment. The utilization of HRCT scans of
the temporal bone has significantly improved the assess-
ment of cholesteatoma preoperatively. However HRCT
cannot differentiate between different soft tissue patholo-
gies of the mastoid—middle ear complex.

Magnetic resonance imaging plays a valuable role in pre
and postoperative diagnosis of cholesteatoma. Combina-
tion of specific sequences (DW imaging, routine TIW &
T2W images and delayed post gadolinium T1W images)
used at the authors centre is very useful for the diagnosis of
acquired cholesteatoma and to detect residual/recurrent
postoperative cholesteatomas.

The authors advocate use of this limited sequence MR
examination in conjunction with HRCT of the temporal
bone as a working protocol for this pathology. However, as
the sensitivity of MRI examination is comparatively low
for very small postoperative residual cholesteatoma, and
due to the inherent cost of the examination, the authors
recommend establishing protocols for scheduling follow-
up imaging studies to ensure early and accurate diagnosis
of residual/recurrent disease.
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