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Introduction
A cholesteatoma is a hyperproliferative disease of
keratinocytes characterized by mass formation due to
the accumulation of continuous desquamation of keratin,
leading to local invasive destruction of surrounding tissues
in the middle ear [1]. It can be caused by a birth defect,
but it is mostly caused by repeated middle-ear infections.
A cholesteatoma often develops as a cyst that sheds layers
of old skin. As these dead skin cells accumulate, the growth
can increase in size and destroy the delicate bones of
the middle ear. This may affect hearing, balance, and
the functioning of facial muscles.
Cholesteatomas are managed surgically, generally
by a complete excision of the lesion via tympanoplasty
or radical or modified radical mastoidectomy. This is often
followed by a second-look procedure performed to check
for residual or recurrent disease. This second-look is
conducted 6‒18 months after the initial operation
because most cholesteatomas recur within the first two
postoperative years, with 60% occurring in the first year
after surgery [2]. The second-look surgery is mainly to
assess residual or recurrent disease because both cannot
adequately be diagnosed solely by clinical examination [3].
Cholesteatomas are visualized either by computed
tomography (CT) or magnetic resonance imaging (MRI).
CT imaging is still the method of choice for detecting
and assessing the exact location, the extent, and possible
complications prior to surgery. MRI with diffusionweighted imaging (DWI) is, however, a powerful tool
for initial evaluation and diagnosis or to detect local
recurrence or residual cholesteatoma [4].
To date, various different DWI-techniques have been
used: These can essentially be divided into echo-planar
imaging (EPI)-based and non-EPI-based techniques.
The choice of the technique is mainly influenced by the
fact that imaging must be performed near the skull base

where problems due to different artifacts (e.g., field
inhomogeneities, motion) can occur. Several reviews have
compared both approaches [4, 5]: Non-EPI MRI has
become established as the modality of choice in detecting
and localizing post-operative, middle-ear cholesteatoma
at 1.5T [6, 7].
Half-Fourier acquisition single-shot turbo spin-echo
(HASTE) DWI is a non-EPI technique that has been used for
many years to detect cholesteatomas at 1.5T. HASTE DWI
has the advantage of providing a very clear hyperintensity
at the location of the cholesteatoma, with no artifactual
hyperintensities at the air-bone interface of the temporal
bone [8]. In addition, due to the higher spatial resolution,
reduced slice thickness, and artifacts, HASTE DWI has been
shown to be superior to single-shot EPI-based DWI for
small sized cholesteatoma (< 5 mm) [6] and is therefore
considered as the gold standard for detecting cholesteatomas using MRI.
Advanced neurological investigations are now
performed predominantly on 3T clinical MRI scanners [9]
as they have become more accessible over the last two
decades. Thus, there is also a role for 3T MRI in investigating patients with cholesteatomas.
HASTE DWI applied at 3T has already been reported
on older MAGNETOM scanners [10] but it has been challenging in the past due to interference patterns emerging
from various possible sources (slice cross-talk, undesired
coherence pathways, and violation of CPMG conditions).
Readout segmented EPI, also referred to as RESOLVE [11],
has been proposed as a better alternative to single-shot
echo-planar DWI [12]. Although RESOLVE is a segmented
EPI-based imaging technique with shortened readout
reducing susceptibility artifacts, coronal images are still
prone to image artifacts. This is because signal hyperintensities due to these inhomogeneities can overlap
with cholesteatoma locations, therefore resulting in
potential misdiagnosis. However, this particular study
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did not compare RESOLVE with non-EPI DWI techniques,
in particular with HASTE DWI.
Due to newer hardware and improved B0 homogeneity
of the newer MR systems, the use of the HASTE DWI
sequence at 3T for cholesteatoma has been revisited again.
This article presents several representative cases from two
hospitals and with different 3T MRI scanners to demonstrate the feasibility of HASTE DWI at 3T for patients with
suspected cholesteatomas.

Case reports
1. Experience from Lund, Sweden:
Comparison between 1.5T and 3T
Four patients (ranging in age from 27 to 74 years, mean
age 49 years) underwent an MRI examination at 1.5T
and at 3T because of suspected cholesteatomas on
a MAGNETOM Aera and MAGNETOM Prisma (Siemens
Healthcare, Erlangen, Germany), respectively. Written
informed consent was obtained for all participants.
At 1.5T, the MR exam consisted, among other acquisitions, of two HASTE DWI acquisitions each with different
b-values which had the following parameters:
TE/TR = 103 ms / 2000 ms, flip angle 150°, 3.5 mm slice
thickness, in-plane resolution 0.6 × 0.6 mm² after interpo1A

HASTE DWI at 1.5T
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HASTE DWI at 3T
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lation, FOV 220 × 220 mm², iPAT factor 2 and 10 averages
for each diffusion acquisition with b = 0 s/mm² and
b = 1000 s/mm² in 3-dimensional (3D) diagonal diffusion
mode. The total acquisition time for 18 slices was 5 minutes for each b-value acquisition.
The protocols for the prototype HASTE DWI acquisition
at 3T1 were essentially identical, apart from TE, which
was 105 ms.
Among other MR acquisitions at 3T, RESOLVE acquisitions were performed which had the following parameters:
TE/TR = 42 ms / 2150 ms, flip angle 180°, 3.5 mm slice
thickness, in-plane resolution 1.1 × 1.1 mm² after interpolation, FOV 220 × 220 mm², 2 and 5 averages for the
diffusion-weighted acquisition with b = 0 s/mm² and
b = 1000 s/mm² in 3D diagonal diffusion mode, respectively, and iPAT factor 3. The total acquisition time was
3.5 minutes for 15 slices.
RESOLVE and HASTE diffusion-weighted images
acquired with b = 1000 s/mm² from three of the four
cases are shown in Figure 1. In the top and middle rows
of Figure 1, the cholesteatoma lesion is visible as a bright
spot (orange arrow) and easy to detect in the HASTE diffusion-weighted images at both field strengths. The lesions
1

 The sequence used in the article was a prototype.

RESOLVE at 3T

1  Comparison of HASTE DWI at 1.5T
(left-hand column, MAGNETOM Aera)
and 3T (middle column, MAGNETOM
Prisma) for a 28-year-old,
a 74-year-old, and a 27-year-old
patient in the top, middle and
bottom rows, respectively.
RESOLVE at 3T from the same
slice as in the middle column is
depicted in the right-hand column.
In all cases, diffsion-weighted images
with b = 1000 s/mm² are shown.
Orange and white arrows point
to the position of the cholesteatoma
and image artifacts, respectively.
Images courtesy of Skåne University
Hospital, Lund, Sweden.
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are also visible on the RESOLVE images (Figs. 1C and F)
but have the same contrast as the healthy brain tissue next
to it. In Figure 1F, a region with signal hyperintensity is visible above the right middle-ear cavity. Dark band artifacts
are visible in the neck in Figures 1 A-E, and within the
brain in Figures 1A and E (white arrows). In the last row,
a patient with a small hyperintense region is visible on
HASTE DWI at 3T (Fig. 1H) but hardly distinguishable on
HASTE DWI at 1.5T (Fig. 1G) or RESOLVE at 3T (Fig. 1I).
The presence of a small cholesteatoma was confirmed
later by surgery. The fourth patient (images not shown
here) did not show a cholesteatoma.
2. Experience from Nantes, France:
Diagnostic validation with CT and surgery
A robust clinical protocol has been defined in the radiology
department of the Private Hospital of Confluent, Nantes,
France, and consisted of transversal and coronal HASTE
DWI image series, in combination with transversal or
coronal T1-weighted and T2-weighted TSE sequences.
The 3T HASTE DWI sequence1 was acquired using the
exact same protocol as in Lund, except that only 15 slices
and 8 averages were acquired for a total scan time
of 4 minutes. No b = 0 s/mm² images were acquired.
All images were obtained on a 3T MAGNETOM Lumina
(Siemens Healthcare, Erlangen, Germany).

2A

Figure 2 presents a case of a 29-year-old male patient with
possible recurrent cholesteatoma in the right middle-ear
cavity after primary mastoidectomy and tympanoplasty
performed ten years ago. Clinical recurrence was suspected
based on otoscopy and audiometry: right hearing loss and
tinnitus were observed, but without any facial nerve
palsy. Recurrent cholesteatoma was confirmed from the
3T images, and a second-look surgery was indicated.
Histological analysis confirmed the collection of keratinous
debris lined by stratified squamous epithelium trapped in
the right ear.
A second case of a 16-year-old woman with possible
recurrent cholesteatoma in the left middle-ear cavity after
primary tympanoplasty including ossiculoplasty is presented in Figure 3. Clinical recurrence was suspected with
the patient complaining about worsening of her hearing.
The ENT doctor noticed an otorrhea and an uncontrollable
retraction pocket. Following the MR exam, a second-look
surgery was indicated, with new ossiculoplasty.
A third case is presented in Figure 4 of a 42-year-old
woman previously treated in 2005 for a right cholesteatoma. The patient presented an attic retraction pocket
poorly tolerated and was suffering from severe conductive
hearing loss.

2B

2D

2C

2E

2  Clinical case of a 29-year-old male patient with possible recurrent cholesteatoma in the right middle-ear cavity after primary mastoidectomy
and tympanoplasty performed ten years ago.
Imaging findings: (2A) Transverse reconstruction of the CT scan showed a convex lesion located at the anterior epitympanic recess with
tegmen erosion. Proximity to a geniculate ganglion and secondary tympanic part of the facial nerve was observed. (2B) Transverse T1-weighted image showed a lesion of iso signal intensity, which was observed as a moderate hyperintense lesion on the coronal T2-weighted image
(2C). Close contact to the basi-temporal meninge was depicted (2D, E). At this location, two little spots with increased DW signal intensity
were visible on the transverse and coronal HASTE diffusion-weighted images, suggesting a cholesteatoma.
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3  Clinical case of a 16-year-old female with possible recurrent cholesteatoma in the left middle-ear cavity after primary tympanoplasty including
ossiculoplasty.
Imaging findings: (3A) Transverse reconstruction of the CT scan showed a nodular lesion within the tympanic cavity adjacent to the ossicular
prosthesis that appeared to be dislocated. 3T images revealed a recurrent cholesteatoma at this location. (3B) Transverse spin-echo T2-weighted image showed a middle-ear lesion with high signal intensity, which was barely visible on the coronal spin-echo T1-weighted image (3C).
(3D, E) At this location, increased DW signal intensity (5 mm in size) was observed on both transversal and coronal HASTE diffusion-weighted
images, indicative of cholesteatoma. This was not a false negative case despite the potential prosthetic artifact. One can note that the filling
of the mastoidectomy cavity appeared as a scar or granulation tissue as no DW hyperintensity was observed.

4A

4B

4D

4C

4E

4  Clinical case of a 42-year-old woman previously treated in 2005 for a right cholesteatoma.
Imaging findings: (4A) Transverse reconstruction of the CT scan showed a non-specific complete filling of right middle-ear cavity and of
additus ad antrum. 3T images confirmed a small recurrent cholesteatoma within this filling. The transverse and coronal HASTE diffusion-weighted images (4D, E) presented a very small (size < 3 mm) hyperintensity located anteriorly in the middle-ear cavity that could be
correlated with small hyperintense signal intensity on the transverse spin-echo T2-weighted image (4B), and low signal on spin-echo
T1-weighted image (4C), suggesting a cholesteatoma. Close contact to the basi-temporal meninge was noticed.
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Discussion

Conclusion

A comparison study and case reports from two sites have
been summarized both at 1.5T and 3T and on different
MRI scanners.
In the comparison study examining HASTE DWI at 1.5T
and 3T, HASTE diffusion-weighted images at both field
strengths allowed the detection of cholesteatoma lesions.
This was not always the case with RESOLVE as illustrated
in the case of the third patient (last row in Fig. 1). RESOLVE
acquisitions can indeed suffer from some residual geometric distortions and artifacts, especially in the region of the
ear cavity, where the susceptibility differences between air,
soft tissue, and bone induce very strong local spatial
magnetic field variations. The improved signal-to-noise
ratio of the 3T examination as compared with 1.5T
was beneficial in detecting a small cholesteatoma using
HASTE DWI (Fig. 1, bottom row).
As presented in the case reports, HASTE DWI was
included in the examination on clinical 3T MRI scanners
to investigate the presence of cholesteatomas in the
clinical workflow and allowing successful treatment of
patients. HASTE DWI has some limitations of which the
most obvious is the low signal-to-noise ratio and low
contrast in the other regions visible within the field of
view. The latter is probably only a minor drawback in most
scenarios because other contrasts are acquired by default,
as is the case at the French and Swedish institutions.
The sequence still requires considerable acquisition time,
in particular if both b =0 s/mm² and b = 1000 s/mm² are
acquired, for example to estimate the apparent diffusion
coefficient (ADC), or when both coronal and axial acquisitions are needed. This can be partly mitigated by acquiring
just the high b-value image where the cholesteatoma is
clearly visible; if surgery is to be performed, a CT scan is
acquired for planning. This is the strategy adopted by the
French institution. In some cases artifacts are visible on
the HASTE DWI, for example reduced signal intensities.
They originate from the violation of the CPMG conditions
and are more predominant at some distance from the
isocenter. An axial rather than a coronal acquisition
centered around the isocenter can therefore be used
to avoid regions distant from the isocenter. An alternative
method to avoid these artifacts is to apply a phase insensitive preparation [13] after the diffusion-encoding block.
This would, however, lead to even larger echo times
and therefore a further reduction in SNR.
This article provides case reports and experiences from
a limited number of sites and patients. It is, however, not
a state-of-the-art, large-scale clinical study to investigate
the image quality qualitatively and quantitively of HASTE
DWI for detecting cholesteatomas at 3T. This will therefore
be part of a future study.

In conclusion, cholesteatoma findings with HASTE DWI
were always in agreement between 1.5T and 3T in the
cases presented. It was shown that the RESOLVE technique
may not depict a cholesteatoma in every case, because
of local susceptibility variations induced by magnetic
field inhomogeneities, resulting in artifacts or signal
cancellation making the diagnosis sometimes difficult.
HASTE DWI is intrinsically less sensitive to susceptibility
variations and is therefore a well-suited method for the
detection of pathologies in regions with large magnetic
susceptibility variations on a clinical 3T scanner.
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