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Single-Shot, Turbo Spin-Echo, Diffusion-Weighted
Imaging versus Spin-Echo-Planar, DiffusionWeighted Imaging in the Detection of Acquired
Middle Ear Cholesteatoma
SUMMARY: Diagnosis of acquired middle ear cholesteatoma on MR imaging is mostly done on late

postgadolinium T1-weighted MR images and/or echo-planar (EPI) diffusion-weighted (DWI) MR images. We describe the appearance of a case of a complicated attical middle ear cholesteatoma on
single-shot (SS) turbo spin-echo (TSE) DWI compared with EPI-DWI. This case suggests a higher
reliability of SS TSE-DWI in the diagnosis of acquired middle ear cholesteatoma.

D

iagnosis and extension of an acquired middle ear cholesteatoma is mainly done on thin-section, high-resolution CT. In selected cases, MR imaging has an additional value
in describing possible complications of a middle ear cholesteatoma, such as extension to the lateral semicircular canal and
other portions of the membranous labyrinth and the middle
fossa through the eroded tegmen.1 Recent reports have suggested the improvement in MR imaging techniques in diagnosing cholesteatoma with the use of delayed contrast-enhanced, T1-weighted MR images2-3 and echo-planar (EPI)
diffusion-weighted (DWI) MR images1,4-8 However, numerous artifacts can be generated during acquisition of DWI, such
as eddy current artifacts, susceptibility artifacts, ghosting artifacts, chemical shift, and motion artifacts. With the use of
higher magnetic fields, these artifacts and image distortions on
EPI-DWI are even more pronounced.9-11 Turbo spin-echo
(TSE) DWI MR is known to lack significant image distortions
and other artifacts. It permits fast multiplanar imaging in artifact-prone regions, such as the posterior fossa and the inferior frontal and temporal lobes.12
Case Report
A 76-year-old man presented with chronic ear discharge at the otorhinolaryngology department. Otoscopic findings revealed a tympanic membrane perforation and retraction with suspicion of a partially evacuated cholesteatoma. CT of the left ear revealed a soft tissue
lesion (0.8 cm) in the attic with loss of the bony delineation of the
anterior limb of the lateral semicircular canal (Fig 1) and the tegmen
(Fig 2). Erosion of the incus body as well as the short and long process
of the incus was noted (Fig 1). MR imaging was performed for evaluation of possible invasion into the membranous labyrinth and the
middle cranial fossa. MR imaging was done on a 1.5T superconduc-
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Fig 1. Axial high-resolution CT at the level of the lateral semicircular canal shows a nodular
attical soft tissue lesion (white arrow ) with erosion of the anterior limb of the lateral
semicircular canal (black arrow ), highly suggestive of a cholesteatoma with erosion of the
anterior limb of the lateral semicircular canal. Note the loss of delineation of the body and
short process of the incus suggesting an extensive erosion (small arrow ).

tive system (Avanto; Siemens Medical Solutions, Erlangen, Germany). Imaging parameters are detailed in Table 1. Coronal thinsection, T2-weighted MR imaging revealed a slightly hyperintense
nodular lesion under the tegmen delineated on its lateral side by
clearly more hyperintense material (Fig 3). Late (45⬘) postgadolinium
T1-weighted MR imaging in the coronal plane showed a small, nonenhancing lesion surrounded by enhancing material mainly on its
lateral side that was strongly suspected to be an attical, nonenhancing
cholesteatoma (5 mm) surrounded by enhancing inflammatory tissue
(Fig 4). No enhancement was noted in the membranous labyrinth or
in the middle cranial fossa. On (B1000) EPI-DWI images, a curvilinear hyperintensity under the temporal lobe was seen on both sides. A
clear nodular hyperintensity suspicious for a cholesteatoma could not
be noted (Fig 5). The single-shot TSE-DWI showed no curvilinear
hyperintensity at the air-bone interface of the temporal bone and
obviously demonstrated a small nodular hyperintensity immediately

Fig 2. Coronal reformation of an axial volume spiral CT shows the attical soft-tissue lesion
(white arrow ) with loss of delineation of the tegmen (black arrow ). Invasion into the middle
cranial fossa cannot be excluded based on these images. There is also suspicion of a
fistulization to the lateral semicircular canal on this coronal reformation (small arrow ).

under the temporal lobe highly suggestive of a small cholesteatoma
(Fig 6). On the basis of the late postgadolinium T1-weighted images
and single-shot TSE-DWI, an attical cholesteatoma with surrounding
inflammation without middle cranial fossa and membranous labyrinth invasion was diagnosed. Surgery confirmed the presence of a
5-mm large attical cholesteatoma surrounded by inflammation with
erosion of the lateral semicircular canal but without invasion of the
membranous labyrinth. The tegmen was thinned but not disrupted.

Fig 5. Coronal EPI-DWI shows a bilateral curvilinear hyperintensity (white arrows) under
the temporal lobe, compatible with a large susceptibility artifact. No nodular hyperintensity
suggestive of cholesteatoma can be seen.
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Fig 3. Coronal thin section T2-weighted MR image centered on the left ear reveals a
nodular slightly hyperintense lesion (large arrow) under the temporal lobe with hyperintense material (small arrow) laterally, suggesting the presence of a small cholesteatoma
with surrounding inflammatory tissue.

cephalocele in the case of a deficient tegmen.1 MR imaging is
able to discriminate the nonenhancing cholesteatoma from
enhancing inflammatory or granulation tissue.13 Several reports have discussed the appearance of acquired cholesteatoma on late postgadolinium T1-weighted MR images2,3 and
on EPI-DWI images.1,4-8 On EPI-DWI, cholesteatomas demonstrate a hyperintensity probably based on a T2 shinethrough effect.4,8 However, a major limitation of the EPI-DWI
images still seems to be the important susceptibility artifact at
the skull base (among other artifacts), the low resolution, and
relatively thick sections,9-11 thus causing a size limit for detection on EPI-DWI of approximately 5 mm.5,7,8 Susceptibility
artifacts caused by field inhomogeneities at the air-bone interface of the temporal bone can be reduced with the use of parallel imaging techniques.11,14 Other acquisition sequences that
are less sensitive to susceptibility artifacts, such as multishot
EPI sequences, spin-echo EPI sequences, and flash sequences,
can be used.11
Single-shot TSE-DWI uses a 180° radio-frequency refocusing pulse for each measured echo, which explains the reduction of the susceptibility artifact. It allows the use of a higher
imaging matrix and thinner sections (2 mm). Our case sug-
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Discussion
Thin-section, high-resolution CT remains the primary imaging technique for the diagnosis and description of extension of
a suspected middle ear cholesteatoma.1 In selected cases, MR
imaging has an additional value for the evaluation of cholesteatoma extension and for the assessment of possible complications such as erosion of the lateral semicircular canal,
invasion of the membranous labyrinth, and invasion of the
middle cranial fossa through an eroded tegmen.1 Other complications, such as intracranial extension with temporal lobe
abscess formation and facial nerve involvement can also be
evaluated on MR imaging.1 MR imaging is extremely useful
for the demonstration and delineation of a temporal lobe en-

Fig 4. Coronal late postgadolinium T1-weighted MR image shows the cholesteatoma as a
nonenhancing nodular lesion (large arrow) under the temporal lobe surrounded by enhancing inflammatory tissue (small arrow) mainly on its lateral side.

Detailed description of imaging parameters
Sequence
Name
EPI DWI
SS TSE DWI
TSE T1WI
TSE T2-WI

Orientation
Coronal
Coronal
Coronal/transverse
Coronal

TR (ms)
3000
2000
450
3500

TE (ms)
82
115
17
92

Section (mm)
3
2
2
2

Matrix
128 ⫻ 128
134 ⫻ 192
192 ⫻ 256
192 ⫻ 256

FOV (mm)
128 ⫻ 170
220 ⫻ 220
128 ⫻ 170
128 ⫻ 170

Note:—EPI indicates echo-planar imaging; DWI, diffusion-weighted MR imaging; SS, single-shot; TSE, turbo spin-echo; T1WI, T1-weighted imaging; T2WI, T2-weighted imaging, TR,
repetition time; TE, echo time; FOV, field of view.

prove the value of single-shot TSE-DWI in combination with
late postgadolinium T1-weighted images for the diagnosis of
primary acquired and residual cholesteatoma.
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Fig 6. Coronal single-shot TSE-DWI shows no curvilinear interface artifact but clearly
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present (white arrow).
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