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Abstract
Introduction Single-shot (SS) turbo spin-echo (TSE) diffusion-weighted (DW) magnetic resonance imaging (MRI) is
a non echo-planar imaging (EPI) technique recently
reported for the evaluation of middle ear cholesteatoma.
We prospectively evaluated a SS TSE DW sequence in
detecting congenital or acquired middle ear cholesteatoma
and evaluated the size of middle ear cholesteatoma
detectable with this sequence. The aim of this study was
not to differentiate between inflammatory tissue and
cholesteatoma using SS TSE DW imaging.
Methods A group of 21 patients strongly suspected
clinically and/or otoscopically of having a middle ear
cholesteatoma without any history of prior surgery were
evaluated with late post-gadolinium MRI including this SS
TSE DW sequence.
Results A total of 21 middle ear cholesteatomas (5
congenital and 16 acquired) were found at surgery with a
size varying between 2 and 19 mm. Hyperintense signal on
SS TSE DW imaging compatible with cholesteatoma was
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found in 19 patients. One patient showed no hyperintensity
due to autoevacuation of the cholesteatoma sac into the
external auditory canal. Another patient showed no hyperintensity because of motion artifacts.
Conclusion This study shows the high sensitivity of this SS
TSE DW sequence in detecting small middle ear cholesteatomas, with a size limit as small as 2 mm.
Keywords Cholesteatoma . Diffusion . DWI . MR

Introduction
In the detection and description of the extension of a
suspected middle ear cholesteatoma, CT is still considered
the imaging method of choice. It can demonstrate ossicular
erosion and possible complications such as tegmental
disruption and fistulization through the lateral semicircular
canal. In the past few years, magnetic resonance (MR)
imaging, including diffusion-weighted (DW) echo-planar
imaging (EPI), has gained increasing importance in the
detection of acquired middle ear cholesteatoma [1, 2].
DW EPI has been shown to be accurate in differentiating
inflammatory tissue from cholesteatoma in the non-surgically
treated middle ear, as cholesteatoma demonstrates a clear
hyperintensity on DW EPI sequences in contrast to inflammatory tissue [1].
Several reports have discussed the value of DW EPI [2]
and late post-gadolinium T1-weighted sequences [3, 4] in
the detection of pre-second-look residual cholesteatoma and
postoperative recurrent cholesteatoma [5–7]. DW EPI,
however, fails to demonstrate middle ear cholesteatoma
with a size smaller than 5 mm due to susceptibility artifacts,
lower imaging matrix and relatively thick slices [2, 7].
Recent reports have highlighted the use and value of a non-
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EPI-based DW sequence in the diagnosis of primary middle
ear cholesteatoma [8] and postoperative recurrent cholesteatoma [9]. The purpose of this study was to evaluate the
sensitivity of a single-shot (SS) turbo spin-echo (TSE) DW
sequence in detecting middle ear cholesteatoma and more
specifically to evaluate the size of middle ear cholesteatoma
detectable with a SS TSE DW MR imaging sequence
compared to the 5 mm size limit of the commonly used DW
EPI.

Materials and methods
Patients
Between 2 August 2005 and 12 December 2006, we
evaluated 21 patients strongly suspected clinically and/or
otoscopically of having a middle ear cholesteatoma, prior to
their planned surgery. We used the combination of late postgadolinium coronal and axial T1-weighted sequences and a
SS TSE DW sequence. In five patients, a DW EPI sequence
was also performed. Prior to MR imaging examination, all
but one patient had a CT scan as part of their preoperative
work-up. All patients were operated upon within 4 months
of MR imaging. The patients consisted of 4 women and 17
men with an average age of 36 years. Cholesteatoma
surgery was performed by one of two experienced surgeons
(T.S. or E.O.). The surgical findings, including the exact
location of the cholesteatoma, were obtained from surgical
reports and discussion with the surgeon.
Imaging technique
CT was performed on a 16-row multislice scanner (Lightspeed, GE, Milwaukee, Wis.) using an axial volume scan
(140 kV, 250 mA, 1-s rotation, 5.62 pitch, high resolution
bone algorithm) with coronal reformations. Axial slices
were acquired at a thickness of 0.625 mm, centered in a
9.6-cm field of view on the right and left ear, with a
reconstruction interval of 0.2 mm. MR imaging was
performed on a 1.5-T superconductive unit (Magnetom
Avanto, Siemens Medical Solutions, Erlangen, Germany)
using the standard head matrix coil and two 7-cm surface
ring coils. Axial 2-mm thick spin-echo (SE) T1-weighted
images were obtained with the following parameters: TR
400 ms, TE 17 ms, matrix 192×256, field of view 150×
200 mm, two averages, acquisition time 3 min 50 s.
Coronal 2-mm thick SE T1-weighted images were acquired
with the same parameters except for the matrix, which was
set at 144×256. Coronal 2-mm thick TSE T2-weighted
images (TR 3,500 ms, TE 92 ms, matrix 192×256, field of
view 150×200 mm, turbofactor 13, 12 sections, two
averages, acquisition time 2 min 41 s) and axial 0.4 mm

thick 3-D TSE T2-weighted images (TR 1,500 ms, TE
303 ms, matrix 228×448, field of view 107×210 mm,
turbofactor 37, 48 sections, one average, acquisition time
6 min 19 s) were also obtained. In all patients, 2 mm thick
SS TSE DW images were acquired in the coronal plane (TR
2,000 ms, TE 115 ms, matrix 134×192, field of view 220×
220 mm, b 0 and 1,000 mm2/s ten signals acquired, 12
sections, imaging time 4 min 2 s). In five patients, 3 mm
thick SE planar DW images were also acquired (TR 3,000,
TE 82, matrix 128×128, field of view 210×210 mm, b 0 and
1,000 mm2/s, 20 sections, six signals acquired, imaging time
2 min 14 s). Parallel imaging techniques were not used. All
images were acquired 45 min after intravenous injection of
0.1 mmol per kg of body weight gadoterate meglumine
(Dotarem, Guerbet, Roissy, France) or gadopentetate dimeglumine (Magnevist, Schering, Berlin, Germany).
Image interpretation
All images were prospectively interpreted by two radiologists experienced in head and neck radiology (J.W.C. and
A.B. with 15 and 3 years of experience, respectively, in MR
imaging of the middle ear). Both radiologists were blinded
to the patients’ identity, clinical data and CT data. Available
DW EPI were scored first. The degree of distortion was
noted. Then, all SS TSE DW images were scored by both
readers. The findings on SS TSE DW images were
correlated with standard T1- and T2-weighted MR images,
in order to determine the degree of correlation and to
exactly localize the lesion. We were able to calculate ADC
maps in 12 cases. On DW EPI as well as on SS TSE DW
images, cholesteatoma was diagnosed if a marked hyperintensity in comparison with brain tissue (b 1,000) was
found. Standard MR imaging sequences were evaluated
looking for a moderately hyperintense lesion on T2weighted images, the characteristic peripheral enhancing
cholesteatoma matrix and the central nonenhancing cholesteatoma on T1-weighted images. The size of the lesion was
measured at its maximum transverse diameter on both axial
and coronal delayed contrast-enhanced T1-weighted SE
images. All cases were classified as positive or negative,
according to the signal characteristics described above.
Welch’s test (F-test 0.045) was used to determine the
significance of differences in the ADC values between
cholesteatoma and gray matter of adjacent temporal bone.

Results
At surgery, 21 middle ear cholesteatomas were found, of
which 5 were considered congenital and 16 acquired
(Table 1). The size and location of the cholesteatomas as
determined by MR imaging were in agreement with those
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found at surgery. The lesion size varied between 2 and
19 mm. There were two false-negative cases on the SS TSE
DW images. One of the false-negative cases (considered
negative by both readers on SS TSE DW as well as on T2weighted and late post-gadolinium T1-weighted MR
images) was a cholesteatoma sac that had autoevacuated
into the external auditory canal (patient 8) (Fig. 1).
The other false-negative case considered to be negative
on SS TSE DW images by both readers was a 3-mm
epitympanic congenital cholesteatoma in a young child
(patient 21). This examination was degraded by motion
artifacts in all sequences, with no clear hyperintensity seen
on SS TSE DW images. However, the cholesteatoma in this
patient was diagnosed by one of the readers on standard late
post-gadolinium T1-weighted sequences as well as on T2weighted sequences (Fig. 2). All 19 other patients showed a
nodular hyperintensity on SS TSE DW images, diagnosed
as such by both readers. The size of the smallest
cholesteatoma was 2 mm (Fig. 3; patients 1 and 3).
Disagreement was seen between the interpretations of the
two radiologists on the standard T2-weighted and late postgadolinium images in two of these 19 patients (patients 1
and 10). In these patients both readers interpreted the SS
TSE DW images as positive, but reader 1 failed to
recognize the cholesteatoma on standard T2-weighted and
late-post gadolinium T1-weighted MR images. No susceptibility artifacts were present on this patient’s SS TSE DW

images. In five patients, DW EPI was also performed. In
two of these findings of cholesteatoma, measuring 10 and
13 mm, respectively (patients 7 and 9), were interpreted as
positive on DW EPI images by both readers (Fig. 4). All
other DW EPI images were interpreted as negative by both
readers, but in these particular three patients they were
interpreted as positive on SS TSE DW images (patients 3, 6
and 10). ADC maps were calculated for 12 patients
(Table 1). In these 12 patients, there was no statistically
significant difference in the ADC value of the cholesteatoma and the gray matter of the adjacent temporal lobe (P>
0.05). For all other patients, ADC maps could not be
calculated because of technical limitations or the small size
of the lesion.

Fig. 1 Patient 8: cholesteatoma autoevacuated into the external
auditory canal on the left side. a Axial CT image on the left side at
the level of the epitympanon showing an eroded lateral epitympanic
wall (arrowheads). Note that the malleus and incus look eroded and
“thinned” in their laterolateral diameter. Compare with the normal
situation in b. The cholesteatoma has eroded the lateral epitympanic
wall and the ossicular chain. The associated soft tissue lesion typically
seen in such cases is not visible due to its evacuation into the external
auditory canal. b Axial CT image on the right side (same level as a)
showing the normal distance of the ossicular chain to the lateral
epitympanic wall (arrowheads). Note the normal aspect of the
ossicular chain. Compare with the abnormal aspect of the lateral
epitympanic wall and ossicular chain in a. c Coronal CT reformation
at the level of the cochlea on the left side showing the empty

cholesteatoma sac (white arrowheads) causing an eroded aspect of the
head of the malleus and an amputated scutum (black arrowhead).
Again, there is no soft tissue visible. Compare with the normal right
side in d. d Coronal CT reformation at the level of the cochlea on the
right side showing a normal epitympanic space (white arrowheads),
normal ossicular chain and a normal scutum (black arrowhead). e
Axial late T1-weighted MR image after gadolinium administration at
the level of the epitympanon (same level as a) showing the enhancing
inflammation and cholesteatoma matrix (arrows) around the evacuated
air-filled cholesteatoma sac. f Coronal T2-weighted MR image at the
level of the cochlea (same level as c) showing the hypointense airfilled empty cholesteatoma sac (arrows). g Coronal SS TSE DW
image (same level as c and f) showing no clear hyperintensity

Discussion
CT still remains the first imaging tool for diagnosis,
description of extension and possible complications of
middle ear cholesteatoma. However, in the presence of
associated complications, MR imaging clearly has an
additional role [10]. Several reports have stressed the role
of DW EPI in the diagnosis of middle ear cholesteatoma [1,
2], evaluation of pre-second-look residual cholesteatoma
[2] and recurrent or relapsing cholesteatoma [5–7]. DW EPI
has been shown to be accurate in differentiating inflamma-
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Fig. 2 Patient 21: small (3 mm) congenital epitympanic cholesteatoma in a young child. Examination degraded by motion artifacts. a
Axial CT image at the level of the head of the malleus and incus body
showing a small nodular soft tissue lesion (arrow) protruding into the
anterior epitympanic recessus. b Coronal reformation at the level of
the anterior epitympanic recessus showing a small nodular soft tissue
lesion (arrow) eroding the malleus head. c Coronal late postgadolinium T1-weighted MR image degraded by motion artifacts at
the level of the anterior epitympanic recessus (same level as b)

showing a hypointense lesion (arrowheads) surrounded by enhancing
inflammation: small nonenhancing cholesteatoma surrounded by
enhancing inflammation. d Coronal T2-weighted image degraded by
motion artifacts at the level of the anterior epitympanic recessus (same
level as b and c) showing a nodular moderate hyperintense lesion
compatible with the small congenital cholesteatoma. e Coronal SS
TSE DW image at the level of the anterior epitympanic recessus (same
level as b, c and d) showing a rather isointense nodular lesion. No
clear hyperintensity is noted

tory tissue from cholesteatoma [1, 6]. No false-positive
findings have been reported in the literature, so hyperintensity on DW images can be considered diagnostic for
cholesteatoma [2]. It is clear that DW EPI has a role in the
visualization of the usually quite large recurrent or
relapsing cholesteatoma [5–7]. Its value in the evaluation
of residual cholesteatoma in pre-second-look ears, however,
is limited due to the often very small size of these residual
cholesteatoma pearls [2]. The size limit for visualization of
an acquired middle ear cholesteatoma using DW EPI has in

recent studies been set at 5 mm [2]. It is clear that smaller
cholesteatoma lesions can easily be missed on DW EPI
images due to the low resolution and higher slice thickness
of the sequence and its sensitivity to susceptibility artifacts.
This is probably the main reason why DW EPI seems to be
useless for the evaluation of the usually small pre-secondlook residual cholesteatoma [2]. DW EPI, however, seems
to be reliable in the evaluation of the larger recurrent
cholesteatoma [5–7]. Other reports have discussed the use
of late post-gadolinium T1-weighted MR imaging sequence

Fig. 3 Patient 3: small (2 mm) cholesteatoma, surrounded by
inflammation. CT scanning was refused by the mother of the child.
a Coronal SS TSE DW image demonstrating a very small but clearly
hyperintense nodular lesion (arrow) in the signal void of the left
middle ear. b Axial late post-gadolinium T1-weighted MR image with

a centrally located nodular very small nonenhancing lesion (arrows)
surrounded by enhancing tissue compatible with a very small
cholesteatoma surrounded by inflammation. c Coronal T2-weighted
image (same level as a) showing the very small nodular hyperintensity
(arrow) probably situated at the mesotympanon
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Fig. 4 Patient 7: congenital cholesteatoma in the left petrous bone. a
Axial CT image showing a large soft-tissue lesion in the inferoposterior aspect of the temporal bone on the left side. The lesion
(arrowheads) is in close relationship to the horizontal segment of the
carotid canal. b Axial late post-gadolinium T1-weighted MR image
(same level as a) showing the hypointense nonenhancing lesion
posterior to the horizontal segment of the internal carotid artery
(arrowheads). c Coronal T2-weighted MR image at the level of the
internal auditory canal showing the moderately hyperintense congen-

ital cholesteatoma under the internal auditory canal (arrowheads). d
Coronal DW EPI image at the same level as c. Note the symmetrical
artifacts at the interface between the temporal lobe and the temporal
bone. The congenital cholesteatoma is seen as a rather small
somewhat distorted nodular hyperintense lesion medial to the middle
ear signal void (arrowhead). e Coronal SS TSE DW image at the same
level as c and d. Note the complete lack of artifacts in this image. The
cholesteatoma is seen as an oval hyperintense lesion medial to the
signal void of the middle ear (arrowheads)

in the diagnosis of pre-second-look residual cholesteatoma
[3, 4]. In the study of Williams et al. [3] the smallest
cholesteatoma detected measured 2.5 mm.
Recently, two reports have discussed the use of a nonEPI-based DW sequence instead of DW EPI in the
evaluation of middle ear cholesteatoma [8, 9]. Both
sequences appear to be DW fast SE sequences having
clearly fewer susceptibility artifacts and a higher resolution
than DW EPI. Remarkably, in the study by Dubrulle et al.,
the size limit for detecting a recurrent cholesteatoma was
set a 5 mm (equal to the size limit with the DW EPI
sequence) despite the absence of artifacts and the higher
resolution of the sequence [9].
In order to assess the sensitivity of this SS TSE DW MR
imaging sequence in the diagnosis of cholesteatoma, we
prospectively evaluated this sequence in 21 patients
clinically or otoscopically strongly suspected of having a
middle ear cholesteatoma, without a history of prior
surgery. The aim was not to differentiate between inflammatory tissue and cholesteatoma using this SS TSE DW
MR imaging sequence, as this already has been demonstrated [2], but to see what size of cholesteatoma could be
detected using this sequence. For DW imaging, we used the

coronal plane as it seems to result in fewer artifacts than the
axial plane. This sequence uses a 180° radiofrequency
refocusing pulse for each measured echo, hence reducing
the susceptibility artifacts. It allows a higher imaging matrix
and thinner sections (2 mm). Moreover, we combined the
SS TSE DW sequence with late post-gadolinium T1weighted sequences in the coronal and axial planes in
order to see if the cholesteatoma lesions were visible on SS
TSE DW images as well as on standard MR images.
Furthermore, standard MR imaging sequences were used to
locate the lesion in the middle ear.
Out of the 21 surgically confirmed cholesteatomas, 19
were diagnosed on SS TSE DW images. One cholesteatoma
was missed by both readers (false-negative) due to the fact
that the accumulated keratin (responsible for the hyperintensity on DW images) in the cholesteatoma sac had
evacuated into the external auditory canal (patient 8;
Fig. 1). The possibility of missing small retraction pockets
or evacuated retraction pockets on DW images has been
reported previously [1, 2]. Apart from this autoevacuation,
a cholesteatoma can also evacuate as a result of cleaning the
affected ear via the external auditory canal by the ENT
surgeon. Hence, MR imaging should be performed prior to
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cleaning the affected ear in order to avoid the possibility
that the retained keratin has evacuated. Theoretically, the
residual epithelial lining can be seen as a small enhancing
line on T1-weighted images but in our patient this feature
was difficult to assess because of the surrounding inflammation. Only on CT images, especially the coronal
reformatted images, could the autoevacuated sac be
demonstrated. It should be kept in mind that evacuation of
the keratin out of the retraction pocket can cause falsenegative findings.
The other false-negative finding on SS TSE DW images
was caused by a small 3-mm congenital epitympanic
cholesteatoma. All sequences in this examination were
degraded by motion artifacts (Fig. 2). Probably these
motion artifacts were responsible for misregistration of the
characteristic hyperintensity of this small cholesteatoma by
smearing the signal over different pixels in different slices.
This caused the occurrence of, in retrospect, a small rather
isointense nodule on the expected location of the cholesteatoma rather than showing a clear nodular hyperintensity
(Fig. 2). However, despite the motion artifacts, one reader
diagnosed this small cholesteatoma on the standard MR
imaging sequences, as well on T2-weighted and late postgadolinium T1-weighted images. Apart from this one
particular case, standard T2 and late post-gadolinium T1weighted MR imaging sequences added no information
concerning the detection of the cholesteatoma. It is clear,
however, that localization of the cholesteatoma was easier
on standard T2- and T1-weighted MR images than on SS
TSE DW images due to the fact that anatomical landmarks
of the membranous labyrinth such as the internal auditory
canal, vestibule, cochlea and semicircular canals were much
more clearly visualized on standard MR images than on SS
TSE DW images.
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. There is still an ongoing debate in the literature
as to whether the hyperintensity of cholesteatoma is caused
by diffusion restriction or secondary to a T2 shine-through
effect [2]. In our series, no statistically significant difference could be found between the ADC values of cholesteatoma and gray matter in the adjacent temporal lobe. A T2
shine-through effect probably explains the hyperintensity
on the SS TSE DW images. It is very striking that with this
SS TSE DW sequence even a very small cholesteatoma, up
to a size of 2 mm, could be visualized (Fig. 3). Other
“small” cholesteatomas with a size less than or equal to
5 mm (the size limit for DW EPI) were also easily detected.
It is highly probable that the lack of susceptibility artifacts,
the slice thickness of 2 mm and the higher resolution
allowed us to detect these small cholesteatomas. Even small
cholesteatomas surrounded by inflammation were seen on

SS TSE DW images as the sequence only highlights the
keratin inside the cholesteatoma (Fig. 3). Late postgadolinium T1-weighted images in patient 3 clearly
demonstrated the enhancing inflammatory tissue around a
very small nonenhancing cholesteatoma (Fig. 3). In this
patient, surgery as well as pathology nicely demonstrated
the surrounding enhancing inflammation and the centrally
located 2-mm large nonenhancing cholesteatoma. Moreover, in this particular patient, CT scanning was not
performed because of refusal by the mother of the child,
so diagnosis was confirmed based upon only the MR
imaging findings.
Although DW EPI images were also available in only
five patients, the DW EPI findings compared to the SS TSE
DWI findings confirmed previous reports that the size limit
for detection of cholesteatoma on DW EPI seems to be
5 mm [2]. Only cholesteatomas with a size greater than
5 mm were diagnosed by both readers on DW EPI images
(Fig. 4). Moreover, cholesteatomas had a distorted aspect
on the DW EPI images compared to the SS TSE DWI
images. We conclude that the SS TSE DWI sequence is
able to detect middle ear cholesteatomas as small as 2 mm.
Associating this sequence with T2-weighted and late postgadolinium T1-weighted sequences allowed us to demonstrate surrounding inflammation and to exactly localize the
lesion in the middle ear and mastoid. The fact that standard
T2-weighted and late post-gadolinium T1-weighted images
have no clear additional value in the detection of middle ear
cholesteatoma suggests the possibility of detecting suspected middle ear cholesteatoma by starting with the SS
TSE DWI sequence alone. This probably also applies to the
important subgroup of postoperative ears in which detection of a residual cholesteatoma is even more important and
more difficult. However, exact location of a residual
cholesteatoma in postoperative ears still has to be determined with the standard sequences, including late postgadolinium T1-weighted images, so both sequences appear
to be complementary. Further studies are currently running
with the aim of determining the value of the SS TSE DWI
sequence in detecting and evaluating usually very small
pre-second-look cholesteatomas and recurrent cholesteatomas after surgery.
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