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 Purpose: To retrospectively compare non–echo-planar (non-EP) 
diffusion-weighted (DW) imaging, delayed gadolinium-
enhanced T1-weighted magnetic resonance (MR) imaging, 
and the combination of both techniques in the evaluation 
of patients with cholesteatoma.

 Materials and 
Methods: 

This institutional review board–approved study, for which 
the need to obtain informed consent was waived, included 
57 patients clinically suspected of having a middle ear cho-
lesteatoma without a history of surgery and 63 patients 
imaged before “second-look” surgery. Four blinded radiolo-
gists evaluated three sets of MR images: a set of delayed 
gadolinium-enhanced T1-weighted images, a set of non-EP 
DW images, and a set of both kinds of images. Overall 
sensitivity, specifi city, negative predictive value (NPV), and 
positive predictive value (PPV), as well as intra- and inter-
observer agreement, were assessed and compared among 
methods. To correct for the correlation between different 
readings, a generalized   estimating equations logistic regres-
sion model was fi tted. Results were compared with surgical 
results, which were regarded as the standard of reference.

 Results: Sensitivity, specifi city, NPV, and PPV were signifi cantly dif-
ferent between the three methods ( P   ,  .005). Sensitivity 
and specifi city, respectively, were 56.7% and 67.6% with 
the delayed gadolinium-enhanced T1-weighted images and 
82.6% and 87.2% with the non-EP DW images. Sensi-
tivity for the combination of both kinds of images was 
84.2%, while specifi city was 88.2%. The overall PPV was 
88.0% for delayed gadolinium-enhanced T1-weighted im-
ages, 96.0% for non-EP DW images, and 96.3%for the 
combination of both kinds of images. The overall NPV 
was 27.0% for delayed gadolinium-enhanced T1-weighted 
images, 56.5% for non-EP DW images, and 59.6% for the 
combination of both kinds of images.

 Conclusion: MR imaging for detection of middle ear cholesteatoma 
can be performed by using non-EP DW imaging sequences 
alone. Use of the non-EP DW imaging sequence com-
bined with a delayed gadolinium-enhanced T1-weighted 
sequence yielded no signifi cant increases in sensitivity, 
specifi city, NPV, or PPV over the use of the non-EP DW 
imaging sequence alone.

 q  RSNA, 2010
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patients) or recurrent cholesteatoma 
(42 patients). The decision to perform 
second-look surgery was made by the 
surgeon on the basis of fi ndings at clini-
cal follow-up and the fi ndings at fi rst-
stage surgery. Surgery was performed 
within 2 months after imaging. 

 Imaging Technique 
 MR imaging was performed by using a 
1.5-T superconducting unit (Magnetom 
Avanto; Siemens, Erlangen, Germany) 
with the standard head matrix coil and 
two 7-cm surface ring coils. To increase 
the signal-to-noise ratio, the 7-cm sur-
face ring coils, which were receive only, 
were used together with the head ma-
trix coil for all sequences except the 
whole-brain T2-weighted turbo spin-
echo (SE) sequence. Axial 2-mm-thick 
SE T1-weighted images were obtained 
with the following parameters: repeti-
tion time msec/echo time msec, 400/17; 
matrix, 192  3  256; fi eld of view, 150  3  
200 mm; 12 sections; two acquisitions; 
acquisition time, 3 minutes 50 seconds. 
Coronal 2-mm-thick SE T1-weighted 
images were acquired with the same 
parameters except the matrix, which 
was set at 144  3  256. 

 Coronal 2-mm thick turbo SE T2-
weighted images (3500/92; matrix, 

 Materials and Methods 

 Patients 
 This retrospective study was approved 
by the institutional review board of 
Sint-Augustinus Hospital, with a waiver 
of informed consent. We evaluated 120 
patients with cholesteatoma (44 female 
patients [mean age, 35.8 years; range, 
10–75 years] and 76 male patients 
[mean age, 35.4 years; range, 4–75 
years]). The overall mean age was 35.7 
years, with a range of 4–75 years. Data 
in patients before fi rst-stage surgery 
and before second-look surgery were 
collected between July 1, 2005, and 
July 1, 2008. No MR imaging examina-
tion was degraded by motion artifacts, 
so no examination was excluded from 
the study. No signifi cant difference in 
age distribution between sexes was 
present ( P  = .955). Patients undergoing 
fi rst-stage surgery were similar in de-
mographic variables, signs, symptoms, 
and disease status to patients undergo-
ing second-look surgery. 

 Fifty-seven patients who were clini-
cally suspected of having a middle ear 
cholesteatoma were included. They 
underwent an MR imaging study be-
fore fi rst-stage surgery, which was per-
formed within 2 weeks after imaging. 
The decision to perform fi rst-stage sur-
gery was made by the surgeon on the 
basis of clinical, otoscopic, audiologic, 
and CT fi ndings. 

 Sixty-three patients who had un-
dergone previous surgery for cholestea-
toma (canal wall up tympanoplasty) 
were also included. They underwent 
an MR imaging study before second-
look surgery that was designed to help 
search for residual cholesteatoma (21 

             In the past, computed tomography 
(CT) was considered the imaging 
technique of choice for the evaluation 

of middle ear cholesteatoma. Magnetic 
resonance (MR) imaging has gained in-
creasing importance in the evaluation 
of the complicated middle ear choleste-
atoma ( 1 ), in the postoperative follow-up 
of patients who have undergone middle 
ear surgery for cholesteatoma to detect 
residual cholesteatoma before “second-
look” surgery ( 2–10 ), and in the evaluation 
of recurrent cholesteatoma ( 3,9–11 ). 

 Various MR imaging protocols have 
been proposed that are mainly based on 
the use of delayed gadolinium-enhanced 
T1-weighted sequences ( 2,4 ), diffusion-
weighted (DW) imaging sequences 
( 3,8,9,10 ), or a combination of both 
techniques ( 1,5–7,11 ). As regards DW 
imaging, distinction should be made 
between echo-planar (EP) DW imaging 
sequences ( 3,5,7,9,10 ) and non-EP DW 
imaging sequences ( 1,6,8,11 ). Non-EP 
DW imaging sequences have a thinner 
section thickness and a higher imaging 
matrix and are less prone to suscepti-
bility artifacts than EP DW imaging se-
quences ( 6,8,12 ). The purpose of this 
study was to retrospectively compare 
non-EP DW imaging, delayed gadolinium-
enhanced T1-weighted MR imaging, 
and the combination of both techniques 
in the evaluation of cholesteatoma. 

 Implications for Patient Care 

 Non-EP DW imaging alone can  n

be used for MR imaging evalua-
tion of cholesteatoma. 

 Delayed gadolinium-enhanced  n

T1-weighted MR imaging is no 
longer needed. 

 Not needing to perform delayed  n

gadolinium-enhanced 
T1-weighted MR imaging reduces 
imaging time and workload. 

 Advances in Knowledge 

 Non–echo-planar (EP) diffusion- n

weighted (DW) imaging had sig-
nifi cantly higher sensitivity than 
delayed gadolinium-enhanced 
T1-weighted MR imaging. 

 The combination of delayed  n

gadolinium-enhanced 
T1-weighted MR imaging and 
non-EP DW imaging yielded no 
higher sensitivity than non-EP 
DW imaging alone. 

 Non-EP DW imaging for the  n

diagnosis of middle ear choleste-
atoma is less infl uenced by the 
observer’s experience than is 
delayed gadolinium-enhanced 
T1-weighted MR imaging. 

  Published online  
 10.1148/radiol.10091140 
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 Abbreviations: 
 CI = confi dence interval 
 DW = diffusion weighted 
 EP = echo planar 
 NPV = negative predictive value 
 PPV = positive predictive value 
 SE = spin echo 
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eralized estimating equation logistic 
regression model that assumed an in-
dependent working correlation matrix 
was fi tted. An interaction term between 
observer and method was tested. In the 
case of no interaction, the average diag-
nostic measure over observers for each 
method was calculated. A global test for 
differences between methods was per-
formed, and post-hoc pairwise testing 
between the methods was corrected for 
multiple testing by using the Bonferroni-
Holm method. A signifi cance level of 
.05 was used, and a corresponding 95% 
confi dence interval (CI) was always cal-
culated. With the sample size of our 
study, reasonable 95% CI widths could 
be obtained. 

 For analysis of the interobserver 
agreement and diagnostic accuracy, the 
fi rst reading of each observer was used. 
All analyses were performed with soft-
ware (SAS, version 9.2; SAS Institute, 
Cary, NC). 

 Results 

 At surgery, 95 (79.2%) cholesteatomas 
were found in a total of 120 patients. 
Fifty (88%) cholesteatomas were found 
in the 57 patients in the fi rst-stage group; 
15 (30%) were regarded as small and/or 
empty retraction pockets. Forty-fi ve 
(71%) cholesteatomas were found in the 
63 patients in the second-look group; 
11 (24%) were considered residual cho-
lesteatomas and 34 (76%) were consid-
ered recurrent cholesteatomas. 

 The overall  k  coeffi cient of interob-
server agreement showed substantial 
agreement for the non-EP DW images 
( k  = 0.788) and the combined images 
( k  = 0.781). The  k  coeffi cient for the de-
layed gadolinium-enhanced T1-weighted 
images showed fair agreement ( k  = 0.363) 
( Table 1  ). 

 Intraobserver reliability, measured 
with a weighted  k  coeffi cient of agree-
ment, showed almost perfect agreement 
for both the non-EP DW images and the 
combined images for the four observers 
(with  k  values ranging from 0.814 to 
0.982). For the delayed gadolinium-
enhanced T1-weighted images, observers 
1 and 3 showed almost perfect agree-
ment ( k  = 0.894 and 0.826, respectively), 

MR imaging of the head and neck or 
the middle ear. All radiologists were 
blinded to patient identity, clinical and 
surgical fi ndings, and CT data. 

 Cholesteatoma was diagnosed if a 
marked hyperintensity in comparison 
with brain tissue was noted on DW 
images obtained with a  b  factor of 
1000 sec/mm 2 . Images obtained with 
standard MR imaging sequences were 
evaluated for a moderately hyperin-
tense lesion on T2-weighted images 
and the characteristic peripheral en-
hancing cholesteatoma matrix and a 
central nonenhancing area on delayed 
gadolinium-enhanced T1-weighted images. 
All sets of images were classifi ed as 
“defi nitely yes,” “probably yes,” “prob-
ably no,” or “defi nitely no.” Surgical 
fi ndings were considered the standard 
of reference. 

 Cholesteatoma surgery was per-
formed by one of two experienced sur-
geons (T.S. and E.O.). The surgeons 
had more than 20 (T.S.) and 30 (E.O.) 
years of experience in cholesteatoma 
surgery at a tertiary referral center. 
Surgical results were classifi ed as indicat-
ing cholesteatoma, residual cholestea-
toma, recurrent cholesteatoma, or no 
cholesteatoma. Histologic evaluation 
was not performed. 

 Statistical Analysis 
 The results of the original classifi cation 
into four classes were dichotomized 
into “no” and “yes” for the purpose of 
analysis by combining the “defi nite” and 
“probable” categories. For only the in-
traobserver agreement for the different 
methods, the four categories were also 
analyzed. Interobserver agreement for 
each method was estimated by using 
the  k  coeffi cient of agreement. Intraob-
server agreement for each combination 
of reader and method was calculated by 
means of (weighted)  k  values.  k  Values 
were interpreted as suggested by Landis 
and Koch ( 13 ). 

 The diagnostic accuracy of each of 
the three methods was described by 
sensitivity, specifi city, positive  predictive 
value (PPV), and negative predictive 
value (NPV). 

 To correct for the correlation 
between the different readings, a gen-

192  3  256; fi eld of view, 150  3  200; turbo 
factor, 13; 12 sections; two acquisitions; 
acquisition time, 2 minutes 41 seconds) 
and axial 0.4-mm-thick three-dimensional 
turbo SE T2-weighted images (1500/303; 
matrix, 228  3  448; fi eld of view, 107  3  
210 mm; turbo factor, 37; 48 sections; 
one acquisition; acquisition time, 6 min-
utes 19 seconds) were also obtained. In 
all patients, a 2-mm-thick single-shot 
turbo SE DW sequence was performed 
in the coronal plane (2000/115; matrix, 
134  3  192; fi eld of view, 220  3  220 
mm;  b  factors, 0 and 1000 sec/mm 2 ; 
20 sections; six signals acquired; im-
aging time, 2 minutes 14 seconds). 

 All sequences were performed 45 
minutes after intravenous injection of 
0.1 mol gadoterate meglumine (Dotarem; 
Guerbet, Roissy, France) or gadopen-
tetate dimeglumine (Magnevist; Schering, 
Berlin, Germany) per kilogram of body 
weight. MR imaging was performed by 
the same group of four technicians, 
each of whom had at least 8 years of 
experience in MR imaging. 

 Image Evaluation 
 Three data sets were retrospectively 
evaluated. In the fi rst data set, delayed 
gadolinium-enhanced T1-weighted stan-
dard MR images—that is, axial and 
coronal delayed gadolinium-enhanced 
SE T1-weighted images, coronal turbo 
SE T2-weighted images, and three-
dimensional turbo SE T2-weighted 
images—were evaluated alone. In the 
second data set, non-EP DW imaging, 
the single-shot turbo SE DW images 
were evaluated alone. Apparent diffu-
sion coeffi cient maps were not calcu-
lated. In a third data set, the combined 
data set, images obtained with all 
sequences were evaluated together. All 
images were made anonymous and put 
in a random order. 

 All data sets were analyzed twice 
by four radiologists, with an interval of 
at least 2 weeks between readings. Two 
radiologists had long-standing experience 
in head and neck radiology (observers 1 
[A.B.] and 2 [R.H.], with 7 and 18 years 
of experience, respectively). The other 
two radiologists (observers 3 [J. Meerss-
chaert, a resident in radiology] and 4 
[M.P.]) had little or no experience in 
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images ( P  = .62), whereas there was 
a signifi cant difference in PPV between 
the delayed gadolinium-enhanced T1-
weighted images and the combined 
images ( P  = .003). There was also a 
signifi cant difference in PPV between 
the delayed gadolinium-enhanced T1-
weighted images and the non-EP DW 
images ( P  = .004). For each observer, 
a signifi cant difference in NPV between 
methods was seen ( P   ,  .0026 for all 
observers). For all observers, no sig-
nifi cant difference could be shown be-
tween the non-EP DW images and the 
combined images, but a signifi cant 
difference was found between the de-
layed gadolinium-enhanced T1-weighted 
images and the combined images and 

( P  = .002) but not for PPV ( P  = .36). 
For ease of interpretation, overall NPVs 
were still calculated. 

 The overall PPV for the delayed 
gadolinium-enhanced T1-weighted images 
was 88.0%, that for the non-EP DW 
images was 96.0%, and that for the 
combined images was 96.3%. The NPV 
for the delayed gadolinium-enhanced 
T1-weighted images was 27.0%, that 
for the non-EP DW images was 56.5%, 
and that for the combined images was 
59.6% ( Table 4  ). Detailed PPV and NPV 
values according to method and observer 
can be found in Table E2 (online). 

 No statistically signifi cant difference 
in PPV could be shown between the 
non-EP DW images and the combined 

and observers 2 and 4 showed moder-
ate agreement ( k  = 0.549 and 0.518, 
respectively) ( Table 2  ). 

 A signifi cant interaction between 
method and observer was found for 
sensitivity ( P  = .049) but not for speci-
fi cty ( P  = .30). For ease of interpreta-
tion, the interaction for sensitivity was 
also dropped. 

 Overall sensitivity for the delayed 
gadolinium-enhanced T1-weighted images 
was 56.7% (95% CI: 49.2%, 63.8%), 
with a specifi city of 67.6% (95% CI: 
53.0%, 79.4%). Overall sensitivity for 
the non-EP DW images was 82.6% (95% 
CI: 74.8%, 88.3%), with a specifi city of 
87.2% (95% CI: 69.0%, 95.4%). Over-
all sensitivity for the combined data set 
was 84.2% (95% CI: 76.7%, 89.6%), 
with a specifi city of 88.2% (95% CI: 
70.7%, 95.8%) ( Table 3  ). Detailed sen-
sitivity and specifi city values per method 
and observer can be found in Table E1 
(online). 

 No statistically signifi cant difference 
in sensitivity or specifi city could be 
shown between the non-EP DW images 
and the combined images ( P  = .157 
and  P  = .705, respectively), whereas 
there were statistically signifi cant differ-
ences in sensitivity and specifi city be-
tween the delayed gadolinium-enhanced 
T1-weighted images and the combined 
images ( P   ,  .001 and  P  = .004, respec-
tively). There was also a signifi cant dif-
ference in sensitivity and specifi city be-
tween the delayed gadolinium-enhanced 
T1-weighted images and the non-EP 
DW images ( P   ,  .001 and  P  = .006, 
respectively). 

 A signifi cant interaction between 
method and observer was found for NPV 

 Table 2 

 Intraobserver Reliability according to Method: Weighted  k  Coeffi cients of Agreement 

Observer
Delayed Gadolinium-enhanced 
T1-weighted Imaging Non-EP DW Imaging Combined Method

1 0.894 (0.844, 0.943) 0.982 (0.962, 1.000) 0.976 (0.953, 0.999)
2 0.549 (0.446, 0.651) 0.875 (0.815, 0.936) 0.814 (0.730, 0.897)
3 0.826 (0.758, 0.894) 0.979 (0.948, 1.000) 0.926 (0.882, 0.970)
4 0.518 (0.399, 0.637) 0.885 (0.828, 0.942) 0.856 (0.785, 0.927)

Note.—Data in parentheses are 95% CIs.

 Table 3 

 Overall Sensitivity and Specifi city according to Method 

Method Sensitivity (%) * Specifi city (%)

Delayed gadolinium-enhanced T1-weighted sequence 56.7 (49.2, 63.8) 67.6 (53.0, 79.4)
Non-EP DW imaging sequence 82.6 (74.8, 88.3) 87.2 (69.0, 95.4)
Combined sequences 84.2 (76.7, 89.6) 88.2 (70.7, 95.8)

Note.—Data in parentheses are 95% CIs.

* A signifi cant interaction between observer and method was found ( P  = .049).

 Table 4 

 Overall PPV and NPV according to Method 

Method PPV (%) NPV (%) * 

Delayed gadolinium-enhanced T1-weighted sequence 88.0 (79.1, 93.4) 27.0 (18.0, 38.4)
Non-EP DW imaging sequence 96.0 (89.7, 98.5) 56.5 (41.3, 70.5)
Combined sequences 96.3 (90.4, 98.6) 59.6 (44.0, 73.4)

Note.—Data in parentheses are 95% CIs.

* A signifi cant interaction between observer and method was found ( P  = .002).

 Table 1 

 Overall  k  Coeffi cient of Interobserver 
Agreement 

Method  k  Coeffi cient

Delayed gadolinium-
  enhanced T1-

weighted sequence

0.363 (0.347, 0.379)

Non-EP DW imaging 
 sequence

0.788 (0.775, 0.802)

Combined sequences 0.781 (0.768, 0.794) 

Note.—Data in parentheses are 95% CIs.
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This gave rise to various signal intensi-
ties, making it diffi cult to recognize the 
characteristic signal intensities of cho-
lesteatomas. The strength of the non-
EP DW imaging sequence is that only 
cholesteatoma shows high signal inten-
sity on images obtained with a  b  factor 
of 1000 sec/mm 2  ( 1 ) ( Fig 2  ). 

 Recent publications demonstrated 
that non-EP DW imaging sequences 
have higher sensitivity and specifi city 
in the detection of residual middle ear 
cholesteatoma ( 6,8 ) than do EP DW im-
aging sequences ( 8 ). This is explained 
by the fact that non-EP DW imaging 
sequences have thinner section thick-
nesses, higher spatial resolution, and a 
complete lack of susceptibility artifacts 
at the interface between the temporal 
lobe and temporal bone ( 12 ). 

 In an electronic letter, Williams 
( 14 ) states that delayed gadolinium-
enhanced T1-weighted imaging remains 

presence of a cholesteatoma by using 
the non-EP DW imaging sequence. 

 In the literature, the highest sensi-
tivity, specifi city, PPV, and NPV in the 
diagnosis of residual cholesteatoma have 
been reported for delayed gadolinium-
enhanced T1-weighted sequences ( 2,4 ), 
as well as for the combination of de-
layed gadolinium-enhanced T1-weighted 
sequences and non-EP DW imaging 
sequences ( 6,8 ). 

 The lower diagnostic accuracy 
for delayed gadolinium-enhanced T1-
weighted images can probably be ex-
plained by the fact that our patient pop-
ulation included patients being imaged 
before fi rst-stage and second-look sur-
gery, without selection on the basis of 
CT fi ndings. This resulted in a mixture 
of completely aerated, partially aerated 
and/or opacifi ed, and completely opacifi ed 
middle ears, mastoids, mastoidectomy 
cavities, and resection cavities ( Fig 1  ). 

between the delayed gadolinium-enhanced 
T1-weighted images and the non-EP 
DW images. 

 Discussion 

 Our results demonstrate that the high-
est diagnostic accuracies were achieved 
with the non-EP DW imaging sequence, 
as well as with the combined protocol. 

 The delayed gadolinium-enhanced 
T1-weighted images, however, had a 
signifi cantly lower sensitivity, specifi city, 
PPV, and NPV compared with the non-
EP DW images alone and the combined 
images. 

 Comparable results were obtained 
by the nonexperienced and experienced 
readers, especially for the non-EP DW 
images and the images obtained with 
the combined protocol. These results 
suggest that even nonexperienced read-
ers are able to correctly diagnose the 

 Figure 1 

  

  Figure 1:  Coronal MR images of attic cholesteatoma in the left 
middle ear with surrounding infl ammation in a 42-year-old man. 
All observers graded the non-EP DW imaging data set and the 
combined data set as “defi nitely yes” and the delayed gadolinium-
enhanced T1-weighted data set as “probably yes.”  (a)  Turbo SE 
T2-weighted image (3500/92; section thickness, 2 mm) shows 
a moderately intense nodular lesion (arrow) underneath the left 
temporal lobe in the left temporal bone. Note the surrounding soft 
tissues with high signal intensity in the mastoid and middle ear 
(arrowheads).  (b)  Delayed gadolinium-enhanced SE T1-weighted 
image (400/17; section thickness, 2 mm) shows the nonenhanc-
ing cholesteatoma (arrow) surrounded by enhancing infl ammation 
in the middle ear and mastoid (arrowheads).  (c)  Single-shot turbo 
SE DW image obtained with a  b  factor of 1000 sec/mm 2  (section 
thickness, 2 mm) shows the cholesteatoma as a small hyper-
intense lesion in the signal void of the left temporal bone (arrow).   
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were too small to allow us to draw valid 
inferences. No formal power analysis 
was performed before the study was 
started. For the patient population at 
hand, however, the sample size is quite 
large compared with that in other stud-
ies ( 1–4,6–9,11 ). 

 A probable bias of our study might 
be the high number of cholesteatomas 
detected at surgery. In the fi rst-stage sur-
gery subgroup, this can be explained by 
the fact that patients were included on 
the basis of clinical suspicion. In the 
second-look surgery subgroup, this can be 
explained by the fact that in our institution, 
patients with negative MR imaging fi nd-
ings before second-look surgery do not 
undergo surgery. As we considered surgi-
cal results as the standard of reference, 
we included only patients undergoing 

responsible for false-negative fi ndings at 
diffusion-weighted imaging in patients 
before fi rst-stage surgery. 

 On the basis of these results, our 
imaging protocol for cholesteatomas 
has been changed. Delayed gadolinium-
enhanced T1-weighted sequences are 
no longer used. To better localize sus-
pected lesions identifi ed at non-EP DW 
imaging, an axial and coronal turbo SE 
T2-weighted sequence is added. This 
results in a substantial shortening of 
imaging time. This will also result in an 
important cost saving for the health care 
system and a higher patient throughput 
for MR imaging.  

 No subgroup analyses between the 
fi rst-stage and second-look surgery 
groups were performed in our study 
because the respective sample sizes 

more sensitive for small lesions than 
DW imaging and that both techniques 
are needed for the detection of cho-
lesteatoma. The fact that in our study 
no signifi cant difference in sensitiv-
ity, specifi city, PPV, and NPV between 
non-EP DW imaging and the combined 
protocol could be found opens the pos-
sibility of performing MR imaging in 
patients with cholesteatoma by using 
the non-EPI sequence alone, avoiding 
the need for intravenous contrast agent 
administration. 

 The relatively low NPV in our study 
can be explained by the mixture of pa-
tients undergoing fi rst-stage surgery 
with those undergoing second-look sur-
gery and by the presence of a relatively 
high number of small and/or empty re-
traction pockets in the fi rst-stage group. 
These fi ndings are in line with those 
in the literature ( 1,5 ), in which small 
and/or empty retraction pockets are 

 Figure 2 

  

  Figure 2:  Coronal MR images of a small residual 
cholesteatoma in the right mastoid, under the tegmen and 
against the medial wall, in a 44-year-old woman. All observ-
ers graded the non-EP DW imaging data set, as well as 
the combined data set, as “defi nitely yes.” However, on the 
delayed gadolinium-enhanced T1-weighted data set alone, 
scores varied from “defi nitely yes” to “probably yes” and 
“defi nitely no.” The size of the cholesteatoma was estimated 
to be 3 mm in its longest diameter.  (a)  Turbo SE T2-weighted 
image (3500/92; section thickness, 2 mm) shows a very 
small nodular area of hyperintensity under the tegmen in 
the mastoid (arrow).  (b)  Delayed gadolinium-enhanced SE 
T1-weighted image (450/17; section thickness, 2 mm) 
shows the cholesteatoma as a very small hypointense lesion 
surrounded by a small rim of enhancement underneath the 
right temporal lobe (arrow).  (c)  Single-shot turbo SE DW 
image obtained with a  b  factor of 1000 sec/mm 2  (section 
thickness, 2 mm) shows the cholesteatoma as a small 
hyperintense lesion in the signal void of the right temporal 
bone (arrow).   
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surgery, resulting in a relatively high 
number of cholesteatomas at second-
look surgery. In this retrospective study, 
this high positive number is less relevant, 
as the goal of the study was not to evalu-
ate the detection rate of cholesteatoma 
before second-look surgery but to com-
pare different MR imaging techniques in 
patients with cholesteatoma. 

 Another cause of probable bias 
could be the delay between MR imag-
ing and surgery, which was longer in 
the second-look surgery subgroup. This 
also seems less relevant, as cholesteato-
mas grow very slowly. 

 In conclusion, MR imaging in pa-
tients suspected of having middle ear 
cholesteatoma can be performed by 
using only a non-EP DW imaging se-
quence, avoiding the need for further 
contrast agent administration. Also, 
non-EP DW imaging sequences have 
signifi cantly higher sensitivity, specifi c-
ity, PPV, and NPV than delayed gadolin-
ium-enhanced T1-weighted sequences, 
and results are less dependent on the 
observer’s experience. 
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