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Abstract 

Background: Diffusion weighted imaging was introduced to improve the detection of middle 

ear cholesteatomas. By computed tomography, difficulty was found as cholesteatoma shows 

middle ear opacity similar to chronic otitis media in cases with no bone erosion,  

Objectives: Purpose of this study to clarify the role of diffusion-weighted imaging in the 

diagnosis of cholesteatoma and differentiating it from chronic otitis media. 

Patients and methods: Cross sectional study of 20 patients, All patient treated medically, 

followed, surgery was done in those not responding to medical treatment after one month. 

T2WI and DWI and ADC map were done, results assessed by SPSS system version 20 and Chi 

square test. Sensitivity, specificity, positive and negative predictive vales assessed. 

Results: 20 patients (9 males and 11 females), ages 15-35 and mean age = ± 25 year, 10 of 

them showed middle ear hyperintense signal intensity lesion in T2 weighted image, restricted 

diffusion, and low apparent diffusion coefficient values, mean value was about = ± 0.75 ± 0.26 

x10-3 mm2/s,11 patients were confirmed cholesteatoma. 10 patients showed hyperintense signal 

intensity lesion in T2WI, facilitated diffusion and high apparent diffusion coefficient values, 

mean value = ± 1.75 ± 0.14 x10-3 mm2/s, 9 confirmed otitis media by complete resolution after 

antibiotic treatment and follow up. Sensitivity of diffusion-weighted imagining 90.0%, 

specificity 88.9%, positive and negative predictive value 90.9% and 88.9%. 

Conclusion: Diffusion-weighted imagining has a high sensitivity and diagnostic accuracy in 

differentiation of cholesteatoma from otitis media in overlapping cases. 

Key words: Diffusion weighted imaging, Apparent diffusion coefficient value,Cholesteatoma, 

Chronic otitis media 

Introduction 
 

Cholesteatoma is a common inflammatory 

disease affecting the middle ear, two types of 

cholesteatoma detected which are pars flaccida 

and pars tensa, It need good surgical 

intervention to prevent local and intracranial 

complications resulting from osteoclastic 

activation (Fernando. M´as-Estell´es et al., 

2012). 

To assess the disease, surgery is performed as 

it is not adequately judged by clinical 

examination (Yiğiter AC et al., 2015). 
Positive diagnosis of cholesteatoma is based 

on clinical examination, mostly by otoscopic 

findings and confirmed by computed 

tomography (CT)(Ayache D et al., 2012). 

Cholesteatoma diagnosed by CT by showing 

opacity with rounded contours associated with 
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adjacent bone erosion as tegmen tympani, 

ossicular chain, and scutum but with low 

sensitivity (43%) and specificity (48%). 

Computed tomography is mandatory for initial 

preoperative assessment of cholesteatoma as it 

can detect site, extension, and complications, 

however difficult assessment in overlapping 

cases with COM. Patient exposed to radiation 

also it is difficult to diagnose recurrent lesions 

and differentiating it  from granulation tissue 

and secretions by CT. Differential diagnosis is 

important since recurrent cholesteatoma needs 

middle ear surgery while in granulation tissue 

or secretions no need for surgery (Marc T 

William et al., 2004;Blaney SP et al., 2000). 

Diffusion weighted imaging (DWI) depending 

on random fluid motion. Water molecular 

diffusion speed is markedly restricted in cases 

of infection and ischemia. This restriction is 

manifested as hyperintense signal intensity 

(SI) in diffusion sequences that can be 

quantified using ADC maps. Thisproduces an 

apparent diffusion coefficient (ADC) that 

forms ADC maps. Restricted diffusion lesion 

exhibits hyperintense SI in diffusion sequences 

and low ADC values in ADC map which is 

characteristic for cholesteatoma. 

Many advantages of DWI over CT not only in 

preoperative status in overlapping cases of 

cholesteatoma and chronic otitis media but 

also at postoperative status confirming 

recurrent or residual disease (Fitzek C, et al., 

2002). 

Many Contrast-enhanced MRI advantages 

depicted including superior tissue contrast 

resolution, no radiation exposure, 

differentiates solid from cystic lesions, but its 

disadvantages expensive, long examination 

time and need for contrast medium(Williams 

MT, et al., 2003). DWI needs no contrast 

media also is done within a shorter 

examination time than contrast-enhanced 

MRI(Bammer R., 2003). 

Cholesteatomas are hyperintense on DWI 

obtained with b-factors of 500 or 1000 

s/mm2(Chen S et al., 2001). 

T2 shine-through effect or restricted molecular 

diffusion of cholesteatoma is the cause of high 

signal intensity. T2 shine-through effect is 

seen in lesions with prolonged relaxation time. 

DWI is a reliable tool for the prevention of 

unnecessary second-look surgeries in 

suspected cholesteatomas and is also a 

valuable alternative to CT (Cimsit NC, et al., 

2010). 

Many artifacts of DWI can be generated 

during the acquisition as motion artifacts, 

susceptibility artifacts, eddy current artifacts, 

ghosting artifacts with the risk of false-positive 

results (De Foer B, et al., 2006). 

In this study, we aimed to assess the diagnostic 

reliability of DWI in the detection of 

cholesteatoma and its differentiation from 

overlapping chronic otitis media. No need for 

use of the contrast media in this study. 

 

Patientand Methods 
 

This observational cross sectional study was 

carried out after submission and approval of 

the local ethics committee of our institution. It 

was done at the radiology department after co-

operation with the ENT department; informed 

written consent was taken from all patients. 9 

males and 11 females, age ranged from 15-35 

year with a mean age of = ± 25 year were 

included in this study between march 2019 and 

march 2020, all patient complaining of ear 

discharge and some hearing loss were included 

in this study with exclusion of those who were 

claustrophobic, with metallic stenting, brain 

clips, MRI study including axial T2WI and 

DWI, No need for sedation or anesthesia in all 
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patients, No contrast media injected. All 

patients treated with antibiotic and followed, 

Surgery was done in patients not responding to 

medical treatment after one month duration. 

Non of them exposed to previous surgery. 

MRI protocol: It was done with a 

superconducting philips scanner (achieva, 1.5 -

tesla philips, Health care, Best, The 

Netherlands) after patients informed written 

consent were taken and after exclusion of MRI 

contraindications, 8 channel head coil used, 

T2WI and DWI sequences were taken, No 

contrast media injected. The following 

sequences were used: 

1- Axial T2WI with the following parameters: 

T2WI, TE 100 ms, TR 4.4 s, FOV 240 mm, 

slice thickness 5.0/0.1 mm, flip angle 900. 

2- Axial non echo-planar single-shot turbo 

spin-echo diffusion-weighted imaging, the 

following parameters: 3.0/0.3 mm slice 

thickness, TE: 105 ms, TR: 1.8 s, FOV: 160 

mm, diffusion factor: B 1000 s/mm2. 

Acquisition time 2 min and 50 s, flip angle 90. 

Different b values b= 0 and 1000 mm2/s. 

Postprocessed ADC map was reconstructed. 

Image analysis: The following sequences for 

all cases are revised: T2WI, DWI and ADC 

map, ROI inserted in area of interest away 

from the bony parts around and mean ADC 

value was calculated. ROI placed at the site of 

the middle ear lesion, Mean ADC values were 

expressed in 10 -3 mm2/s. 

 

STATISTICS data was analyzed using SPSS 

version 20 as the following: 

- Quantitative data was represented as mean, 

standard deviation, median and range.  

- Qualitative data was presented as number and 

percentage and compared using Chi square 

test.  

- Sensitivity, specificity, positive, negative 

predictive value and accuracy of different 

diagnostic methods were calculated. P value 

was considered significant if it was less than 

0.05. 
 

Results 
 

20 cases (11 females and 9 males) their age 

15-35 and mean age = ± 25 presented with 

middle ear discharge exposed to clinical 

examination, size of the lesions were ± 3-18 

mm and mean value was 10.5 mm followed by 

MRI and DWI study, their size ranging from 

±2-18 mm and mean value about 10 mm, 20 

patients exposed to DWI, 10 of them showed 

middle ear hyperintense SI lesion in T2WI, 

restricted diffusion in DWI and had low ADC 

values, mean value was about = ±  0.75 ± 0.26 

x10-3 mm2/s, 11 were confirmed cholesteatoma 

surgically (Fig1:3). 10 patients showed middle 

ear hyperintense SI lesion in T2WI and 

facilitated diffusion in DWI and high ADC 

values, mean value = ± 1.75 ± 0.14 x10-3 

mm2/s, 9 confirmed chronic otitis media by 

complete resolution after antibiotic treatment 

and follow up. (Fig.2) One false-negative case 

of these not responding to medical treatment, 

surgically operated and proved to be small 

cholesteatoma 2 mm. Different ADC values of 

20 lesions were described in table-1. The 

sensitivity of DWI with added ADC values 

was 90.0%, specificity 88.9%, positive 

predictive value 90.9%, negative predictive 

value 88.9%.  Shown in Table2. 

 

Table1.ADC values x 10 -3 in cases of 

cholesteatoma and chronic otitis media. 

N0 Cholesteatoma COM 

1 0.41 1.61 

2 0.65 1.73 

3 0.70 1.81 
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4 0.75 2.15 

5 0.63 1.54 

6 0.80 1.63 

7 0.65 1.72 

8 0.67 1.87 

9 0.80 1.71 

10 0.71  

11 1.50  

Mean ± 

SD 

0.75 ± 0.26 1.75 ± 

0.14 

 

Table1. ADC values in cases of cholesteatoma 

and chronic otitis media, mean ADC value of 

cholesteatoma was 0.75± 0.26 x10-3mm2/s and 

that of chronic otitis media about 1.75± 0.14 

x103 mm2/s. 

 

 

 

 

Table2.Results of DWI with added ADC 

values of cholesteatoma. 

Results Percentage 

Sensitivity 90.9% 

Specificity 88.9% 

Positive predictive 

value 

90.9% 

Negative predictive 

value 

88.9% 

 

Table-2: Shows the sensitivity of DWI and 

ADC values was 90.0%, specificity 88.9%, 

positive predictive value 90.9%, negative 

predictive value 88.9%.  

 

 

 
 

Fig. 1.A 17-year-old female patient complaining of left ear persistent discharge inspite of 

antibiotic treatment (a) T2WI shows hyperintense SI lesion filling the left middle ear cavity 

(black arrow) (b) DWI shows left middle ear hyperintense SI lesion (black arrow) (c) ADC map 

shows hypointense SI and its value was about 0.636 x10-3mm2/s. It was surgically proved 

cholesteatoma. 
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Fig. 2.A 18-year-old male patient complaining of bilateral ear discharge, (a) T2WI shows 

bilateral middle ear hyperintense SI lesions (black arrow) (b) DWI shows hyperintense SI lesion 

in right ear and hypointense SI lesion in the left middle ear (white arrows) (c) ADC map shows 

right sided hypointense SI lesion and its ADC value about 0.619 x10-3mm2/s and left sided 

hyperintense SI and ADC value about 1.97x10-3mm2/s. Right middle ear lesion surgically proved 

cholesteatoma and left one proved chronic otitis media healed on antibiotic treatment. 

 

 
 

Fig. 3.A 19-year-old female patient complaining of right ear discharge, (a) T2WI shows 

hyperintense SI lesion filling the right middle ear (white arrow) (b) DWI shows right middle ear 

hyperintense SI lesion (white arrow) (c) ADC map shows right sided hypointense SI lesion and its 

ADC value was about 0.873 x10-3mm2/s. Surgically proved cholesteatoma. 
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Discussion 
Cholesteatomas may be primary or 
secondary acquired middle ear 

chronic inflammatory lesions. It 

requires complete surgical resection. 

Reasons for cholesteatoma still 
under research. Diseased mucosa 

contribute to the development of 

retraction pockets and cholesteatoma 

(Louw L.2010).  
Computed tomography is the initial 

imaging technique often used for pre 

and postoperative diagnosis that 

shows a mass in the typical location 
associated with bone destruction so 

cholesteatoma is considered, with no 

bone destruction, findings not 

specific as chronic otitis media or 
infected granulation tissue show 

same CT criteria (Jeunen G, et al., 

2008). 
Near similar results of a study stated 
that, The sensitivity of RESOLVE-

DWI in cholesteatoma was 88%, 

specificity was 96%, While the 

accuracy was 92%(Fischer N,et al., 
2019) 
DWI specificity, sensitivity, positive 

and negative predictive values were 

85.7%, 100%, 96.8% and 100%, 
respectively, these results are higher 

than our results (Gehan G, et al., 

2019) 
ADC median value of the 
cholesteatoma group 

(0.84 × 10− 3 mm2/s) while that of our 

result ± 0.75 × 10− 3 mm2/s 

(CavaliereM, et al., 2018).  
Soft tissue characterization is better 

by MRI than CT. For cholesteatoma 

diagnosis, DWI confirms its high 

diagnostic value. Cholesteatoma 
exhibits diffusion restriction giving 

high SI in DWI (Dietrich O, et al., 

2010) 
DWI has no radiation exposure, No 
need for contrast material and short 

examination time compared with CT 

and MRI, Small sample size is the 

limitation of this study. 

Near similar results proved by 

(AkkariaMJ, et al., 2014) that 
showed of 97 cases. 74 

cholesteatomas were diagnosed at 

surgery. Diffusion-weighted and 

delayed contrast-enhanced T1-
weighted sequences had a sensitivity 

of 84.9% and 90.4%, a specificity of 

87.5% and 75%, a positive predictive 

value of 95.4% and 91.7%, and a 
negative predictive value 65.6% and 

72% respectively  

(Clemens Fitzek, et al., 2002) 
showed results similar to our result 
stated that 13 of 15 patients with 

cholesteatomas showed hyperintense 

SI in DWI, whereas 10 of 12 patients 

with chronic otitis media showed the 
usual hypointense SI of the middle 

ear. 

(Manuel Mateos- 
Fernández,2012).Proved that 
positive, negative predictive values 

of DWI, sensitivity and specificity 

were, 92.85%, and 92.30%, 92.85% 

and 92.30%, respectively and these 
results are slightly higher than our 

study results. 

Study results of (Ahmed FA, 2015) 
proved that sensitivity, specificity, 
and positive predictive value 100% 

for DWI for recurrent cholesteatoma. 
In 3 cases of a study proved Positive 

predictive value was 100%. The 
surgical approach was determined 

from combined CT and MRI results. 

This discussed by (Isabelle Plouin-

Gaudon, et al., 2010). 
(Ilıca AT, 2010) demonstrated 

higher results than our results stated 

that sensitivity of 94%, specificity, 

and positive predictive value of 
100% of DWI in cholesteatoma 

diagnosis. 

(GökselTuzcu, et al., 2015). Proved 

that91 cases suspected of 
cholesteatoma were operated. 

According to the results of 

operations, 50 patients had 

cholesteatoma and 41 patients had 

https://www.sciencedirect.com/science/article/pii/S1879729614000131#!
https://www.sciencedirect.com/science/article/pii/S1879729614000131#!
https://www.sciencedirect.com/science/article/pii/S0378603X14002241#!
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granulation tissue. The mean ADC 

values of cholesteatoma were 
significantly lower than patients with 

granulation tissue (p<0.05). The 

sensitivity and specificity of EP-

DWI in detection of cholesteatoma 
were 97.6% and 92.0%, respectively 

these results agreed with this study. 

19 of 30 cases showed areas of DWI 

restriction within the middle ear 

denoting cholesteatoma. All 19 cases 
that showed evidence of recurrent 

cholesteatoma on DWI MRI images 

surgically proved. Of the 11 cases 

that were negative for cholesteatoma 
on DWIs, 9 of these cases underwent 

second look mastoid surgery with 4 

cases showed small cholesteatomas 

while the other 5 cases granulation 
tissue (56%) (Medany et al., 2018). 
The sensitivity, specificity, 

negative/positive-predictive, and 

overall-agreement values of DWI 
technique were 100%, 78%, 100%, 

74%, and 87%; respectively stated 

by (Algin O, et al., 2017). 
DWI detected 21 out of 20 cases 
proved cholesteatoma patients 

(sensitivity 100%, specificity 90%, 

PPV 95.2% and P value is 0.001). 

Specificity was100%. The ADC of 
cholesteatoma.Similar results as 

regard Cut off value of 

cholesteatoma that was ≤0.759 × 

10−3 mm2/s confirmed by (Nasr 
MM, et al., 2017). 

This study stress DWI finding and 

ADC values of the middle ear 

lesions, It is avaluabletool in 
diagnosis of cholesteatoma and 

differentiating it from otitis media, 

Limitation of this study is the small 

sample size. 

Conclusion 
 

 Diffusion-weighted imagining 
combined with ADC values has high 

specificity and diagnostic accuracy 

in the differentiation of 

cholesteatoma from chronic otitis 

media mainly in overlapping cases. 
Limitations of this study is the small 

sample size. 

Recommendation 
 

It is recommended to make a study 

on large number of cases. 

Conflict of interest: None 
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