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Abstract

Objective: Our aim was to evaluate the diagnostic perfor-
mance of Magnetic Resonance Imaging (MRI) with diffu-
sion-weighted images in patients with cholesteatoma.
Methods: We compared the preoperative MRI findings 
and intraoperative microscopic examination findings in 
54 patients who were operated on due to a pre-diagno-
sis of chronic otitis media with cholesteatoma, according 
to preoperative microscopic ear examination, temporal 
bone computed tomography (CT) and ear MRI.

Results: Fifty-four patients (18 female and 36 male) were 
enrolled in this study. The mean age was 36.8 ± 17.3 
(range: 6-67). Thirty-one patients had primary surgery, 
whereas 23 patients had revision surgery to the affect-
ed ear (for 19 patients, the second, for 3, the third, and 

for 1, the 5th operation).We found that the sensitivity 
of pre-operative MRI for detecting cholesteatoma was 
97.7%, the specificity was 77.8%, and the diagnostic ac-
curacy rate was 94.4%. The rate of false negatives in MRI 
with diffusion-weighted images was found to be 4% in 
primary cases, whereas the false negativity rate with this 
technique was found to be 0% for revision cases.

Conclusion: We concluded that ear MRI examination 
with diffusion-weighted images is a significant diagnos-
tic tool, to be used alongside preoperative history and 
physical examination in deciding on whether to operate, 
especially in patients for whom revision surgery of the 
ear (due to recurrent, residual, iatrogenic cholesteatoma, 
or squamous epithelium) is planned.
Key Words: Cholesteatoma, Magnetic resonance imag-
ing, sensitivity, specificity.
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Diagnostic Performance of Diffusion-Weighted Magnetic 
Resonance Imaging in Patients with Cholesteatoma

Introduction
Cholesteatomas are epidermal inclusion cysts lined with 
keratinized squamous cell epithelium which can be seen 
in the petrous apex and mastoid cells in the middle ear [1]. 
“Cholesteatoma” is in fact a misnomer. Although the name 
might suggest a connection with the gallbladder, fat or a 
neoplasm, it is, in fact, none of these things. In this dis-
ease, desquamated epithelium generated by an ectopic ba-
sal germinative layer, along with keratin from the stratum 
corneum, accumulates within the anatomical structures in-
volved. Enzymes secreted in the aftermath of this process 

cause destruction of the bone. The clinical presentation is 
characterized by chronic infection [2,3].

Although cholesteatomas are not neoplasms per se, their 
erosive effect may cause osteolysis in the middle ear, while 
their expansive tendency may present as cerebral displace-
ment at the cranial base [4]. Treatment, in this case meaning 
surgical intervention, is therefore essential. The guiding 
principle for surgery is to remove the lesion in its entirety, 
ensuring no remaining disease is left, and to perform a re-
construction in such a way as to prevent recurrence[2]. 

It is important to establish the diagnosis of choleste-
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atoma pre-operatively to determine the surgical method 
to follow, and also to allow effective follow-up post-op-
eratively. Although Computerized Tomography (CT) can 
provide significant information regarding the region, it is 
known to be inadequate for differentiating between cho-
lesteatoma and other lesions involving soft tissue. For this 
reason, Diffusion Weighted Magnetic Resonance Imaging 
(DWMRI) has come to assume a significant role in the dif-
ferential diagnosis of cholesteatoma [5-7].

The aims of our research were to consider the results 
of DWMRI and any intraoperative findings in those pa-
tients who were diagnosed with cholesteatoma via DW-
MRI within our clinic and who subsequently underwent 
surgical treatment. In this way we aimed to investigate the 
diagnostic effectiveness of DWMRI.

Materials and Methods
This retrospective study included 54 patients and 54 sep-
arate ear operations. The operations were performed due 
to a pre-diagnosis of chronic otitis media with cholesteato-
ma, as determined by preoperative microscopic ear exam-
ination, temporal bone computed tomography (CT) and 
temporal bone magnetic resonance imaging (MRI) results. 
The data indicate 31 patients were operated on for the first 
time, whilst 23 patients had revision surgery on the ear af-
fected by chronic otitis media. 

In this study, we compared the preoperative MRI find-
ings and intraoperative microscopic examination findings 
during tympano-mastoidectomy. All the patients under-
went pre-operative MRI examination. The approval of the 
Local Ethics Committee was obtained (E-17/1237), and 
all investigations were performed in accordance with the 
Declaration of Helsinki on biomedical studies involving 
human subjects.

Radiological examination
All the MRI examinations were obtained with a 1.5 T MR 
unit (Excite, GE Medical systems, Milwaukee, Wisconsin, 
USA). The gradient power was 33 mT/s. Axial T1-weight-
ed, T2- weighted, 3D-FIESTA, and contrast-enhanced 
axial and coronal T1-weighted sequences were used for 
routine temporal MRI, and gadolinium chelate at a dose 
of 0.2 mL/kg was used as contrast agent. The parame-
ters for imaging employed in the study were as follows: 
T1-weighted (Figure 1) (TR, 500 ms; TE, 15.7 ms; slice 
thickness, 3 mm; interslice gap, 0.5 mm; field of view, 20 
× 20 cm; matrix, 320 × 224; excitations, 3); T2-weighted 

(Figure 2) (TR, 3000 ms; TE, 104.8 ms; slice thickness, 3 
mm; interslice gap, 0.5 mm; field of view, 20 × 20 cm; ma-
trix, 320 × 224; excitations, 3); 3D-FIESTA (TR, 4.8 ms; 
TE, 1.4 ms; slice thickness, 0.5 mm; field of view, 18 × 18 
cm; matrix, 352 × 192; excitations, 4). T2-weighted images 
were obtained with fast spine echo (FSE) sequences. Flu-
id-attenuated inversion recovery (FLAIR) (repetition time, 
8.402 ms; echo time, 95.5 ms; slice thickness: 5 mm; inter-
slice gap: 1.5 mm, matrix: 288 × 192; excitations, 1) images 
and diffusion-weighted sequence images (repetition time, 
10,000 ms; echo time, 85.8 ms; slice thickness: 4 mm; in-
terslice gap: 1 mm; matrix: 128 × 128) were obtained in 
patients to enable differential diagnosis of cholesteatoma. 
Diffusion-weighted (DW) sequences were performed with 
echo planar single shot spin echo imaging with b values 
of 0 and 1000 s/mm2 (Figure 3). Diffusion gradients were 
applied in three orthogonal directions to generate three 

Figure 1. Cholesteatoma of the left ear, MRI-T1 axial slice

Figure 2. Cholesteatoma of the left ear, MRI-T2 axial slice
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sets of diffusion-weighted imaging (x, y, z axes). Apparent 
diffusion coefficient (ADC) values were automatically cal-
culated and axial PROPELLER DWI (NON-EPI) of the 
temporal bone was acquired for the cases. 

Statistical Analysis
The SPSS 16.0 application was used to perform all the 
required statistical analyses. The surgical findings were 
compared with pre-operative MRI findings to calculate 
the sensitivity, specificity, diagnostic accuracy ratio and 
predictive values for MRI examination in detecting cho-
lesteatoma. 

Results
Fifty-four patients (18 female and 36 male) were enrolled 
in this study. The mean age was 36.8 ± 17.3 (range 6-67 
years). Following pre-operative ear microscopic examina-
tion, we ascertained that 19 patients had a perforated tym-
panic membrane, 17 patients had attic adhesion of the tym-
panic membrane with destruction of the postero-superior 
segment of the bony ear canal, 6 patients had pars-tensa 
adhesion of the tympanic membrane, 2 patients had nor-
mal tympanic membranes, and 10 patients had evidence 
of previous surgery (mastoidectomy) affecting the canal 
wall. Furthermore, during the preoperative microscopic 
ear examination, squamous epithelium from 16 cases was 
aspirated. No squamous epithelium was aspirated in 38 
cases. During the course of mastoidectomy, 45 cases were 
discovered to have cholesteatoma formation or squamous 
epithelium in the mastoid air cells, and 9 had granulation 
tissue. The mean dimensions of cholesteatoma as visual-

ised by MRI were 10.1mm by 9.5mm (range 2mm - 25mm 
in both directions).

Thirty-one patients had primary surgery, whereas 23 
patients had revision surgery to the affected ear (for 19 
patients, the second, for 3, the third, and for 1, the 5th op-
eration).

Comparing pre-operative MRI with the intraopera-
tive findings, we found that the sensitivity of pre-operative 
MRI for detecting cholesteatoma was 97.7%, the specifici-
ty was 77.8%, and the diagnostic accuracy rate was 94.4%. 
The cases were then grouped into “primary operated” and 
“revision”, and the sensitivity, specificity, and diagnostic 
accuracy rates for each group were then calculated. We 
found that the sensitivity, specificity, and diagnostic accu-
racy rates for the primary surgery group were 96%, 83.3% 
, and 93.5%, respectively, whereas the sensitivity, specific-
ity, and diagnostic accuracy rates for the revision surgery 
group were 100%, 67% , and 95.6%, respectively. 

Discussion
Although it has been more than 300 years since choleste-
atoma first appeared as an entity in the medical literature 
and despite current technology being amply provided with 
advanced sectional imaging techniques, difficulties are still 
encountered in the diagnosis of cholesteatoma [8].

Many clinicians use high resolution computerized to-
mography in the diagnosis of cholesteatoma. Ossicular 
erosion, fistulas of the lateral semicircular canal or destruc-
tion of the tegmen are the principal findings leading to 
consideration of this diagnosis in interpreting high resolu-
tion CT results. Additionally, with CT, important informa-
tion is obtained regarding the ossicular chain, facial nerve, 
semicircular canal, and temporal bone landmarks. On the 
other hand, with cholesteatoma, there are difficulties in 
differentiating amongst soft tissue densities such as mucoid 
secretion and granulation tissue in the middle ear and mas-
toid air cells [5-7,9]. Due to the associated difficulties in dif-
ferential diagnosis of soft tissue masses, clinicians have be-
gun to prefer the use of MRI while undertaking differential 
diagnosis of this disease. In some studies, the sensitivity of 
conventional MRI in the diagnosis of cholesteatoma was 
found to be 57-79%, while its specificity was found to be 
63-71% [5-7]. Thickening caused by mucosal inflammation 
and granulation tissue exhibits the same signal character-
istics in conventional MRI sequences. The distinction be-
tween granulation tissue and cholesteatoma through the 
use of contrast enhancement is also challenging due to the 

Figure 3. Cholesteatoma of the left ear, MRI- DWI-Propeller slice
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absence of vascularization within cholesteatomas. This un-
derlines the fact that conventional MRI protocols consist-
ing of T1 and T2 weighted images are not very effective in 
the differential diagnosis of cholesteatoma. This situation 
has led to an increasing emphasis on the use of DW MRI 
rather than conventional MRI for effective differential di-
agnosis of cholesteatoma.

In DW MRI, the image is based on the freely flowing 
characteristic of water as it diffuses within normal tissue. 
The combination of the T2 effect and high signal intensity 
from diffusion of water molecules whose movement is re-
stricted play a role in the imaging method [1,10,11].

In a meta-analysis by Li et al. including a total of 342 
patients in 10 studies, the pooled specificity and sensitivi-
ty rates of DWMRI in cholesteatoma diagnosis were both 
calculated to be 94% [12].

Following this meta-analysis by Li et al., Lingam et al. 
found the pooled sensitivity to be 91% and pooled specific-
ity 92% in the use of DW MRI for diagnosis in their me-
ta-analysis of 26 studies in which data from 1152 patients 
with middle ear cholesteatoma were included [13].

In our study, in the comparison of DWMRI results 
with intraoperative findings for the diagnosis of choleste-
atoma, the sensitivity of DWMRI was found to be 97.7% 
and the specificity 77.8%. Additionally, the rate of accura-
cy of diagnosis by DWMRI was 94.4%, whilst the rate of 
false negativity was 2.2%. These results were in accordance 
with the findings in the literature. Furthermore, although 
it has been reported elsewhere that MRI detection of foci 
of cholesteatoma smaller than 5mm may be insufficient, 
in our cases it was observed that even the 2-3mm foci of 
cholesteatoma or squamous epithelium located in the mid-
dle ear or mastoid air cells were reported correctly. DW 
MRI scanning, moreover, had similar sensitivity, specificity, 
and rates of accuracy of diagnosis to those in primary cases, 
in the identification of cholesteatoma and squamous epi-
thelium in cases with revision mastoidectomy. While the 
rate of false negatives in DW MRI scanning was found to 
be 4%, when primary cases were evaluated separately, the 
false negativity ratio of this scan was found to be 0% for 

revision cases. Taking these findings in their entirety, we 
consider ear DWMRI examination as a significant auxil-
iary diagnostic tool along with preoperative history and 
physical examination in the decision whether to proceed 
to surgery, especially in patients for whom revision surgery 
of the ear (recurrent, residual, iatrogenic cholesteatoma, or 
squamous epithelium) is planned.

Conclusion
In the preoperative period, the ability of DWMRI to assist 
in the differential diagnosis of chloesteatoma is a signifi-
cant factor to bear in mind. Even though it is a non-ma-
lignant lesion, cholesteatoma can produce catastrophic 
clinical consequences. Diffusion weighted imaging should 
definitely be added to the sequences of conventional MRI. 
In the evaluation of residual and recurrent cholesteatoma, 
we believe that a DW MRI examination performed pri-
or to deciding on surgery, together with medical history 
and physical examination findings will provide significant 
guidance and enable the avoidance of unnecessary surgery. 
These results should be supported with further multi-cen-
tre studies that also include a wider population of patients.
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