
e51
This is an Open Access journal, all articles are distributed under the terms of the Creative Commons Attribution-Noncommercial-No Derivatives 4.0  
International (CC BY-NC-ND 4.0). License (https://creativecommons.org/licenses/by-nc-nd/4.0/).  

© Pol J Radiol 2022; 87: e51-e57
DOI: https://doi.org/10.5114/pjr.2022.113194

Received: 02.12.2020
Accepted: 02.01.2021
Published: 20.01.2022 http://www.polradiol.com

Original paper

The value of different diffusion-weighted magnetic resonance 
techniques in the diagnosis of middle ear cholesteatoma. Is there still 
an indication for echo-planar diffusion-weighted imaging?

Alina Piekarek1,A,B,C,D,E,F, Tomasz Zatoński2,B,D,E, Mateusz Kolator2,B,E, Joanna Bladowska1,D,E,F, Marek Sąsiadek1,D,E,F,  
Anna Zimny1,A,C,D,E

1Department of Radiology, Wroclaw Medical University, Wroclaw, Poland
2Department of Otolaryngology, Wroclaw Medical University, Wroclaw, Poland

Abstract
Purpose: The aim of the study was to analyse the value of 2 different diffusion-weighted imaging (DWI) techniques 
(echo-planar imaging [EPI] and on-echo-planar imaging [non-EPI]) in the diagnosis of cholesteatoma.

Material and methods: Our material consisted of 32 subjects suspected of cholesteatoma, who underwent magnetic 
resonance imaging of the temporal bone using both EPI and non-EPI DWI. Two independent readers retrospectively 
analysed magnetic resonance images. Intra- and interobserver agreements as well sensitivity, specificity, and negative 
(NPV) and positive (PPV) predictive values of both DWI sequences were assessed.

Results: Using non-EPI DWI all cholesteatomas were correctly diagnosed by both readers with no false negative nor 
inconclusive cases and with only one false positive result. Non-EPI DWI revealed high interobserver agreement  
(k = 1) and high correlation with histopathological results (r = 0.895). EPI DWI misdiagnosed 27-31% of cholestea-
tomas (false negative results), showing also significantly low interobserver agreement (k = 0.373) and low correlation 
with histopathological results (r = 0.328 for reader 1 and r = 0.267 for reader 2). Non-EPI DWI revealed very high 
sensitivity (100%), specificity (83.3%), NPV (100%), and PPV (96.3%) in comparison to EPI DWI, which showed 
lower sensitivity (69.2%), specificity (66.6-83.3%), NPV (33.3-38.4%), and PPV (90.0-94.7%).

Conclusions: Non-EPI DWI with high sensitivity, specificity, and interobserver agreement is a very reliable technique 
in detecting middle ear cholesteatoma regardless of the pre- or postoperative state of the ear, and it should entirely 
replace EPI DWI in clinical practice.
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Introduction
Cholesteatoma is an inflammatory acquired (98%) or con-
genital (2%) process characterized by collecting an exfo-
liating keratin inside the middle ear cavity. The incidence  
of middle ear cholesteatomas is around 3/100,000 in chil-
dren and 9.2/100,000 in adults with a slight male predi-
lection [1,2]. Typically, cholesteatomas cause osseous 

erosions along involved structures of the middle ear, and 
if not treated, it can lead to conductive hearing loss and 
serious intracranial complications. Due to the potentially 
erosive and progressive character of middle ear choles-
teatomas, the first-choice method of treatment is surgical 
total excision by canal wall up or wall down tympano-
mastoidectomy, often with ossicles reconstruction and 
tympanoplasty [3]. Diagnosis and assessment of the dis-
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ease extension is based on clinical symptoms, otoscopic 
findings, and imaging. High-resolution computed tomo
graphy (HRCT) allows for recognition of bony destruc-
tion, precise localization of the opacity, and assessment 
of postsurgical or congenital additional temporal bone 
anomalies. However, it is not capable of differentiation 
between granulation, fibrous tissue, fluid, and cholestea-
toma [4]. Magnetic resonance imaging (MRI) techniques 
have been introduced to distinguish different patholo-
gies within the middle ear, with particular importance 
of diffusion-weighted imaging (DWI). There are 2 major 
types of DWI: using echo-planar imaging (EPI) and non-
EPI techniques. Both EPI and non-EPI DWI are specific 
to cholesteatoma, because of its high keratin content de-
tected as a very high signal similarly to epidermoids [5]. 

EPI DWI is a fast sequence routinely used in brain im-
aging. It is characterized by low spatial resolution, geomet-
ric distortion, and low signal-to-noise ratio (SNR). It is also 
prone to susceptibility artifacts at air/bone interfaces, which 
may cause problems while imaging skull base structures 
such as the middle ear [5-8]. Non-EPI DWI techniques, 
such as half-Fourier acquisition single-shot turbo spin-echo 
(HASTE) DWI, PROPELLER (multishot fast spin-echo pe-
riodically rotated overlapping parallel lines with enhanced 
reconstruction) DWI, BLADE DWI, and multishot DWI 
turbo spin-echo (MS TSE), require longer scanning times 
compared to EPI DWI, but they are said to reduce suscepti-
bility artifacts, geometric distortions, and section thickness 
as well as to increase spatial resolution [7-15].

The purpose of our study was to compare the value 
of EPI DWI and non-EPI PROPELLER DWI in the di-
agnosis of the middle ear cholesteatoma regardless of the 
pre- or postoperative state of the ear, as well as to assess 
the clinical significance and usefulness of these methods 
on the basis of an evaluation by 2 independent readers 
(neuroradiologists) experienced in interpretation of DWI. 

Material and methods

Material 

Our material consisted of 32 patients (17 females and  
15 males), mean age 31.43 years (range from 5 to 77 years) 
with clinical suspicion of acquired or congenital cholestea-
toma, who underwent MRI of the temporal bone and a sub-
sequent surgery with biopsy. Eighteen patients had a history 
of previous ear surgery due to cholesteatoma, and 14 subjects 
did not undergo such procedures before (Table 1). 

The study was approved by the local Ethical Commit-
tee, and written informed consent was obtained from each 
patient.

Imaging technique 

All patients underwent MR examination of the tempo-
ral bone using a 1.5 T scanner (GE, SIGNA Hdx with 

a 16-channel HNS coil). The MR study included the fol-
lowing sequences: axial T1- and T2-weighted images, 
3D FIESTA (3-dimensional gradient echo fast imag-
ing employing steady-state acquisition: TE/TR 2/5 ms, 
flip angle 65°, FOV 180 mm, slice thickness 1.0/–0.5) 
as well as echo-planar diffusion-weighted imaging (EPI 
DWI) and non-echo-planar PROPELLER DWI (non-EPI  
PROPELLER DWI). Scanning parameters of EPI DWI were 
as follows: TR = 7100, TE = 97.4, b-value = 1000 s/mm2, 
 thickness: 5.0/1.5 mm, NEX 3, matrix 128 × 128, time =  
1 min 18 s. Scanning parameters of non-EPI PROPELLER 
DWI were as follows: TR = 5600, TE = 85.2, b-value = 
1000 s/mm2, thickness: 4.0/0.5 mm, NEX 1.5, matrix  
128 × 128, time = 4 min 51 s.

In complicated postoperative cases additionally 3D 
fat-saturated T1-weighted sequences after contrast injec-
tion (0.1 mmol/kg of gadolinium) were obtained.

Image analysis

Two independent readers blinded to histopathological re-
sults evaluated MR images assessing the signal of middle 
ear/mastoid pathologies on EPI and non-EPI DWI using 
the following scoring system: 0 – no hyperintensities on 
DWI, no restricted diffusion (suggested diagnosis – no 
cholesteatoma); 1 – intermediate signal on DWI, incon-
clusive case; 2 – evident hyperintensity on DWI, restricted 
diffusion (suggested diagnosis – cholesteatoma).

Statistical analysis

Results of DWI interpretation were correlated with the 
results of biopsy using Spearman’s rank coefficient. Both 
intra- and interobserver agreements in interpretation 
of EPI and non-EPI DWI were evaluated using Cohen’s 
k analysis. Sensitivity, specificity, as well as negative and 
positive predictive values (NPV and PPV, respectively) 
were assessed. A p-value < 0.05 was defined as statistically 
significant.

Results 
From 64 evaluated ears, 32 were found to be normal both 
clinically and on MRI, and thus were not included in the 
further analysis. Thirty-two ears were operated. In 26/32 
(81.25%) ears cholesteatoma was diagnosed, while in 6/32 
(18.75%) ears chronic otitis without cholesteatoma was 
found. Twenty-nine lesions (90.6%) were measurable, and 
their diameter ranged from 4 to 25 mm (Table 1).

The results of EPI and non-EPI DWI scoring by 2 read-
ers are shown in Table 1. In the EPI DWI method both 
readers used all 3 scores (0, 1, 2) while in the non-EPI 
DWI only scores 0 and 2 were used. Based on EPI DWI, 
both readers estimated 10/32 (31.2%) of cases with score 1, 
meaning inconclusive, while in non-EPI DWI there were 
no inconclusive cases found.
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There was a very high correlation between the results 
of non-EPI DWI and histological findings (r = 0.895,  
p < 0.001) for both readers. In non-EPI DWI all 26 cho-
lesteatomas were correctly diagnosed with score 2 (true 
positive results), and 5/6 (83.3%) cases of chronic otitis 
were correctly scored as 0. Based on non-EPI DWI only  
in 1 case the score was 2, indicating that cholesteatoma 
was given to chronic otitis without cholesteatoma, which 
was a false positive result. There were no false negative 
results using the non-EPI DWI method (Table 2).  

In the case of EPI DWI there was a very poor corre-
lation with histological findings (r = 0.328, p = 0.066 for 
reader 1 and r = 0.267, p = 0.139 for reader 2). Reader 1 
correctly diagnosed only 7/26 (26.9%) cholesteatomas (true 
positive results), in 11/26 (42.3%) cases of cholesteatoma an 
inconclusive result of EPI DWI was established, and 8/26 
(30.7%) cholesteatomas were diagnosed as an ear without 
cholesteatoma (false negative results) (Table 2). Based on 
EPI DWI, reader 1 correctly diagnosed 5/6 (83.3%) cases 
of chronic otitis, while 1 case (16.6%) of chronic otitis was 

Table 1. Demographic data of the patients and the results of assessment of echo-planar (EPI) and non-echo-planar (non-EPI) diffusion-weighted imaging 
(DWI) by 2 independent readers

Patient
No

Age
(years)

Sex Transverse 
diameter (mm)

Pre-/Postoperative 
ear

Reader 1 Reader 2 Histopathological  
resultsEPI DWI Non-EPI DWI EPI DWI Non-EPI DWI

1 9 M – Post 0 0 0 0 Chronic otitis

2 71 M 14 Post 1 2 2 2 CHOL

3 12 M 4 Post 0 2 2 2 CHOL

4 30 M 20 Post 1 2 1 2 CHOL

5 28 M 16 Post 1 2 2 2 CHOL

6 6 F 10 Post 2 2 2 2 CHOL

7 17 F 18 Post 2 2 1 2 CHOL

8 12 M 25 Post 1 2 2 2 CHOL

9 77 F 13 Post 0 2 1 2 CHOL

10 55 F 10 Post 0 2 0 2 CHOL

11 12 M 25 Post 2 2 2 2 CHOL

12 10 F 20 Post 1 2 0 2 CHOL

13 9 M 15 Post 0 2 0 2 CHOL

14 40 F 25 Post 0 2 0 2 CHOL

15 38 F 20 Post 1 2 1 2 CHOL

16 55 F 10 Post 0 0 1 0 Chronic otitis

17 5 F 10 Post 0 2 0 2 CHOL

18 9 F 15 Post 0 2 1 2 CHOL

19 29 M 15 Pre 1 2 2 2 CHOL

20 34 M 4 Pre 2 2 2 2 Chronic otitis

21 59 F 20 Pre 1 2 2 2 CHOL

22 5 F 25 Pre 2 2 1 2 CHOL

23 40 F 20 Pre 2 2 2 2 CHOL

24 64 F 20 Pre 2 2 2 2 CHOL

25 27 M 5 Pre 2 2 0 2 CHOL

26 66 M – Pre 0 0 0 0 Chronic otitis

27 46 F – Pre 0 0 0 0 Chronic otitis

28 48 M 10 Pre 0 0 0 0 Chronic otitis

29 42 M 15 Pre 1 2 1 2 CHOL

30 5 F 15 Pre 1 2 0 2 CHOL

31 37 M 15 Pre 0 2 1 2 CHOL

32 9 F 20 Pre 1 2 1 2 CHOL
– no evident restricted diffusion, suggesting absence of a cholesteatoma, 1 – inconclusive case, 2 – evident restricted diffusion, suggesting presence of a cholesteatoma, CHOL – cholesteatoma
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overdiagnosed as cholesteatoma (false positive result). Scor-
ing analysis based on EPI DWI by reader 2 showed very 
similar results, as follows: 10/26 (38.4%) correctly diag-
nosed cholesteatomas (true positive results), 9/26 (34.6%) 
inconclusive cases, and 7/26 (26.9%) misdiagnosed cho-
lesteatomas (false negative results). Chronic otitis without 
a cholesteatoma was correctly diagnosed in 4/6 (66.6%) 
cases, 1/6 cases (16.6%) was regarded as inconclusive, and 
1 case of chronic otitis (6.6%) was overdiagnosed as choles-
teatoma (false positive result) (Table 2).  

For both readers the intraobserver analysis showed 
a very weak agreement between the results of EPI and non-
EPI DWI (k = 0.238, p = 0.009 for reader 1 and k = 0.235, 
p = 0.027 for reader 2). There was also a very weak interob-
server agreement between reader 1 and reader 2 regarding 
EPI DWI (k = 0.373, p = 0.007), while there was a complete 
agreement between 2 readers in the results of non-EPI DWI 
(k = 1, p < 0.000001) regardless of the pre- or postoperative 
status of the evaluated ear.

Overall, non-EPI DWI in both pre- and postopera-
tive ears revealed very high sensitivity (100%), specific-
ity (83.3%), NPV (100%), and PPV (96.3%) compared to 

EPI DWI, showing significantly lower values of sensitivity 
(69.2%), specificity (66.6-83.3%), NPV (33.3-38.4%), and 
PPV (90.0-94.7%) (Table 2, Figures 1-4).

Discussion 
Diagnosis of cholesteatomas is based on clinical, otoscopic, 
and imaging evaluation, including HRCT and MRI. High-
resolution CT is a recommended method to localize and 
define cholesteatoma before surgery, especially in cases 
with bony erosions of the tegmen tympani, the ossicular 
chain, and walls of the middle ear/mastoid [4,16]. Never
theless, HRCT demonstrates non-specific opacification 
in the petrous bone, leading to diagnostic difficulties and 
making this method insufficient to differentiate cholestea-
toma from granulation, fibrous tissue, and fluid [4,16]. 

MRI has significant value in distinguishing cholestea-
tomas from other pathological processes involving middle 
ear structures. Diffusion-weighted imaging is especially 
important in the imaging of cholesteatomas, which due 
to their high keratin content show restricted diffusion re-
flected as a high signal on both echoplanar and non-echo-

Table 2. Comparison of the results of the assessment of echo-planar (EPI) and non-echo-planar (non-EPI) diffusion-weighted imaging (DWI) by 2 inde-
pendent readers

Reader 1 Reader 2 Reader 1 Reader 2

EPI DWI EPI DWI Non-EPI DWI Non-EPI DWI

True positive results 7/26 (26.9%) 10/26 (38.4%) 26/26 (100%) 26/26 (100%)

True negative results 5/6 (83.3%) 5/6 (83.3%) 5/6 (83.3%) 5/6 (83.3%)

False positive results 1/6 (16.6%) 1/6 (16.6%) 1/6 (16.6%) 1/6 (16.6)

False negative results 19/26 (73.1%) 16/26 (61.5%) 0/26 (0%) 0/26 (0%)

Sensitivity 69.2% 69.2% 100% 100%

Specificity 83.3% 66.6% 83.33% 83.3%

PPV 94.7% 90% 96.3% 96.3%

NPV 38.4% 33.3% 100% 100%

Interobserver agreement k = 0.373 k = 1
PPV – positive predictive value, NPV – negative predictive value, k – Cohen’s kappa coefficient

Figure 1. Echo-planar (A) and non-echo-planar (B) diffusion-weighted imaging showing large middle ear cholesteatoma (arrow) with the same image 
quality

A B
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planar DWI images [6-13]. The aim of the study was to 
compare the clinical usefulness and reliability of 2 differ-
ent DWI techniques: EPI and non-EPI. EPI DWI is a fast 
technique routinely used in brain imaging, but there have 
been a few reports suggesting that it should be avoided 
in middle ear imaging. The aim of the study was to assess 
the clinical usefulness of this technique and to compare 

it with a non-EPI DWI performed on the same machine 
and evaluated by 2 independent readers experienced in 
the interpretation of DWI.

In our study the results of interpretation of EPI DWI 
showed poor correlation with histological findings. Based 
on EPI DWI, only 26.0-38.4% of cholesteatomas were 
correctly diagnosed, and 27-31% of cholesteatomas were  

Figure 4. The example of restricted diffusion on both echo-planar (EPI) (A) and non-echo-planar (non-EPI) (B) diffusion-weighted imaging (DWI) interpreted 
as cholesteatoma. Postoperative histological result revealed only chronic otitis with no cholesteatoma – false positive result of both EPI and non-EPI DWI

Figure 2. The example of worse diagnostic value of echo-planar imaging (A) compared to non-echo-planar (B) diffusion-weighted imaging in depicting 
middle ear cholesteatoma (arrows)

Figure 3. The example of no diagnostic value of echo-planar imaging (EPI) (A) compared to non-echo-planar (B) diffusion-weighted imaging (DWI)  
in depicting middle ear cholesteatoma (arrow). Cholesteatoma in not visible on the EPI DWI image (A) resulting in a false negative result

A

A

B

B

A B



Alina Piekarek, Tomasz Zatoński, Mateusz Kolator et al. �

e56 © Pol J Radiol 2022; 87: e51-e57

diagnosed as chronic otitis without cholesteatoma leading 
to false negative results. The large number of false negative 
results make EPI DWI an unreliable technique that is not 
useful in clinical practice. Misdiagnosed cholesteatomas 
ranged in size from 4 to 25 mm. It must be stressed that 
when using EPI DWI even a large cholesteatoma (25 mm 
in size) was not diagnosed by both readers. 

On the other hand, non-EPI DWI showed very high 
correlation with histological results, which is in concor-
dance with the literature [11,15,17-19]. All cholesteatomas 
were correctly diagnosed by both readers, only 1 case of 
chronic otitis was overdiagnosed as cholesteatoma (false 
positive result). There were no false negative results using 
non-EPI DWI. Also, interobserver agreement in the eval-
uation of non-EPI DWI was very high, reaching 100%. 
These results are in concordance with other reports and 
indicate that non-EPI DWI is a very reliable technique 
in detecting cholesteatoma [1,8,13-15]. As suggested in 
the literature, it may be used in the detection of residual 
as well as recurrent cholesteatoma, which is very impor-
tant in treatment planning and may replace a second-look 
surgery of the middle ear [1,8,13-15]. It must be stressed 
that in our study both techniques, EPI and non-EPI DWI, 
overdiagnosed 1 case of chronic otitis as otitis with choles-
teatoma. False positive results may lead to unnecessary ear 
operations while false negative results may cause postpon-
ing of the surgery and further middle ear destruction by 
a cholesteatoma [6-8,14].

In our study there was a very low accordance between 
the results of EPI DWI and non-EPI DWI for each reader, 
indicated by poor intraobserver agreements. Each reader 
gave the same scores using EPI and non-EPI in less than 
50% of the cases. Moreover, the assessment of EPI DWI 
showed also very poor agreement between the 2 readers in 
both pre- and postsurgical cases, which shows that evalu-
ation of EPI DWI by different radiologists brings different 
results, which is not acceptable in clinical practice [1,3,13]. 

Compared to non-EPI DWI, EPI DWI revealed much 
lower values of sensitivity and specificity as well as NPV 
and PPV, which is in agreement with previous reports 
[9-15,17-19]. In our research the sensitivity and specific-
ity of EPI DWI were estimated as 69.2% and 66.6-83.3% 
for both readers, respectively. In the literature it has been 
reported that the EPI DWI technique may show higher 
sensitivity, reaching as much as 80%, but only in cases of 
lesions larger than 5 mm, but its sensitivity tends to drop 
to as little as 12.5% in lesions smaller that 4 mm [6-13]. 
In our study even cholesteatomas larger than 5 mm were 
misdiagnosed by both readers using EPI DWI. The main 
reason for such a weak performance of EPI DWI is its 
high sensitivity to susceptibility artifacts caused by the 
close vicinity of bone structures that obscure the middle 
ear pathology and may cause false positive or false nega-
tive results [1,8,12].

Our research revealed very high values of sensitivity 
and specificity of non-EPI DWI in detecting cholesteato-

ma, reaching 100% and 83.3%, respectively, as well as high 
NP and PP values, reaching 100% and 96.3%, respectively. 
A meta-analysis by Lingam et al., based on 26 studies, 
found non-EPI DWI to reach a sensitivity and specificity of 
91% and 92%, respectively [18]. The reason for such good 
results of non-EPI DWI sequences is that they use half-
Fourier single-shot-turbo spin-echo acquisition (HASTE) 
or multi shot turbo spin-echo acquisition with central k-
space oversampling (PROPELLER, BLADE), which mini-
mize motion and susceptibility artifacts, and  geometric 
distortions, and increase the signal-to-noise ratio and spa-
tial resolution with slice thickness less than 4 mm [5-15]. 
Moreover, Lips et al. retrospectively evaluated 135 patients 
with non-EPI DWI using 1.5 T and 3 T MR scanners and 
observed significantly lower sensitivity and specificity for 
3 T in comparison to 1.5 T due to increased susceptibility 
artifacts at higher field strength. Thus, the researchers rec-
ommend imaging of cholesteatoma with 1.5 T MR scanners 
[20]. The patients in our study were examined using non-
EPI PROPELLER DWI with a section thickness of 4 mm 
using a 1.5 T MR scanner, and this method was found to be 
very reliable and conclusive almost in every evaluated case 
apart from 1 misdiagnosed case.

In our study we did not evaluate the values of the ap-
parent diffusion coefficient (ADC) derived from DWI. 
In the literature there are contradictory reports on the 
importance of ADC map analysis and measurements 
[11,15,21-25]. Magnetic field inhomogeneity, size of the 
lesion (< 3 mm), utility of different MR machines of dif-
ferent vendors, and variable field strengths are the main 
limitations to obtaining a standardized cut-off value of 
ADC for cholesteatoma versus other pathologies in the 
temporal bone. Dremmen et al. and Schwartz et al. did 
not find ADC maps helpful as a method [12,15]. On the 
other hand, Özgen et al. emphasised the importance of 
ADC values and SI ratio measurements, suggesting that 
quantification parameters might reduce false positive 
results of non-EPI DWI [23]. Razek suggests that ADC 
measurements might help in differentiating malignant 
from benign lesions in the external ear [25].

Conclusions
Compared to EPI DWI, non-EPI DWI is a very reliable 
MRI technique for the diagnosis of cholesteatoma in the 
pre- or postoperative middle ear, with very high sensitiv-
ity and specificity as well as very high interobserver agree-
ment, which make this technique very useful in clinical 
practice. EPI DWI, which is a standard sequence in brain 
imaging, is not recommended for the diagnosis of the 
middle ear cholesteatoma due to its low sensitivity and 
reproducibility between readers.
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