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Detection of Middle Ear Cholesteatoma by
Diffusion-Weighted MR Imaging: Multishot
Echo-Planar Imaging Compared with Single-Shot

ORIGINAL .
researcH | Echo-Planar Imaging
K. Yamashita BACKGROUND AND PURPOSE: Previous reports have shown that DWI is useful in detecting choleste-
T. Yoshiura atoma. SS-EPI is the most widely used DWI technique. However, SS-EPI may have susceptibility
A. Hi . artifacts due to field inhomogeneity in the imaging of the temporal bone region. Our purpose was to
. Hiwatashi ) ; ! .
prospectively evaluate the advantage of MS-EPI for the diagnosis of middle ear cholesteatoma by
H. Kamano comparing it with SS-EPI.
T. Dashjamts . . . ) .
i MATERIALS AND METHODS: \We studied 29 patients with preoperatively suspected acquired choleste-
S. Shibata atoma. Each patient underwent an MR imaging examination including both SS-EPI and MS-EPI by
A. Tamae using a 1.5T MR imaging scanner. Images of the 29 patients (58 temporal bones including 30 with and
H. Honda 28 without cholesteatoma) were reviewed by 2 independent neuroradiologists. The confidence level

for the presence of cholesteatoma was graded on a scale of 0-2 (0 = none, 1 = equivocal, 2 =
definite). Interobserver agreement as well as sensitivity, specificity, and accuracy were assessed for
the 2 readers.

RESULTS: Excellent interobserver agreement was shown for both MS-EPI (x = 0.856) and SS-EPI (k =
0.820). MS-EPI was associated with higher sensitivity (76.7%) and accuracy (87.9%) than SS-EPI
(sensitivity = 50.0%, accuracy = 74.1%) (P < .05), while both methods showed 100% specificity.

CONCLUSIONS: Compared with SS-EPI, MS-EPI improves the accuracy of the diagnosis of acquired

middle ear cholesteatomas.

ABBREVIATIONS: DWI = diffusion-weighted imaging; MS-EPI = multishot echo-planar imaging;
PROPELLER = periodically rotated overlapping parallel lines with enhanced reconstruction;
SENSE = sensitivity encoding; SNR = signal-to-noise ratio; SS-EPI = single-shot echo-planar

imaging; TSE = turbo spin-echo

hile cholesteatoma can often be diagnosed only by
otoscopic examination, CT and MR imaging provide
cholesteatoma spread and help to grasp anatomic relation-
ships with the middle and inner ear in surgery planning.
Since the advent of multidetector row CT, soft-tissue
masses and middle and inner ear organs have been clearly
depicted by high spatial resolution."* In contrast, the soft-
tissue attenuation can be caused by cholesteatoma, granu-
lation, or fibrous tissue. MR imaging plays an important
role in ruling out diseases other than cholesteatoma; and
the usefulness of DWI*"!” and delayed contrast-enhanced
imaging'®*° in diagnosing cholesteatoma has been re-
ported. Compared with delayed contrast-enhanced imag-
ing, DWI is more practical, with a much shorter examina-
tion time and no need for contrast injection. On DWI,
cholesteatoma shows conspicuous hyperintensity.
In clinical practice, SS-EPI is the most widely used DWI
technique because of its rapid data-sampling ability,
though it has limited spatial resolution and geometric dis-
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tortion due to susceptibility artifacts in the imaging of the
temporal bone region, which often result in false-negative
findings.*'°'>'¢ On the other hand, MS-EPI is known to
provide high-resolution DWI with reduced geometric dis-
tortions and an SNR similar to that of SS-EPI, at the ex-
pense of a longer imaging time.?'"*> However, to our
knowledge, its usefulness in the imaging of cholesteatoma
has not been established.

Our purpose was to evaluate the advantage of MS-EPI for
the diagnosis of middle-ear cholesteatoma by comparing it
with SS-EPI.

Materials and Methods

Case Selection

This study was approved by the institutional review board of our
hospital. Written informed consent was obtained from all patients.
These patients underwent MR imaging between July 2009 and Au-
gust 2010. We prospectively studied 29 consecutive patients (13
men and 16 women; age range, 18—81 years of age; mean, 49.4 =
17.2 years) who planned to undergo surgery. One of these patients
was suspected of having bilateral primary cholesteatoma, while
unilateral disease was suspected in the other 28 patients (18 pri-
mary and 10 recurrent). These patients underwent preoperative
MR imaging on the day before surgery. Final diagnosis was surgi-
cally determined by 2 otorhinolaryngologists, with 12 and 11 years

of experience.
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Fig 1. MS-EPI (B) compared with SS-EPI (A). A, Transverse MR images of a cholesteatoma of the left middle ear in a 27-year-old man. SS-EPI shows a slightly hyperintense lesion in the
left middle ear (arrow). However, the lesion is obscure because of a curvilinear hyperintense area (arrowhead) due to field inhomogeneity. B, The same lesion is clearly visualized as a

marked hyperintensity on MS-EPI.

Imaging Technique

Each patient underwent MR imaging with a 1.5T MR imaging unit
(Achieva Nova Dual; Philips Healthcare, Best, the Netherlands) and
an 8-channel array head coil. Transverse T2-weighted TSE images
(TR/TE, 2720/110 ms; 90° flip angle; NEX, 8; SENSE factor, 2; 12
sections; section thickness/gap, 2/1 mm; 170-mm FOV; 240 X 180
matrix; imaging time, 3 minutes 40 seconds) and transverse T1-
weighted TSE images (TR/TE, 472/18 ms; 75° flip angle; NEX, 4; 12
sections; section thickness/gap, 2/1 mm; 170-mm FOV; 240 X 180
matrix; imaging time, 3 minutes 56 seconds) were obtained. In addi-
tion, transverse SS-EPI (TR/TE, 3000/59 ms; 90° flip angle, NEX, 4; b
factor, 1000 s/mm?; SENSE factor, 2.5; section thickness/ gap,2/1 mm;
230-mm FOV; 128 X 256 matrix; imaging time, 1 minute 30 seconds)
and MS-EPI (TR/TE, 2250-3000/76 ms; 90° flip angle; NEX, 3; num-
ber of shots, 4; b factor, 800 s/mm?; section thickness/gap, 2/1 mm;
230-mm FOV; 128 X 256 matrix; imaging time, 4 minutes 21 sec-
onds) were also obtained (Fig 1). For MS-EPI, a trigger delay of 250
ms after the peripheral pulse wave was chosen to reduce motion

artifacts.?*?°

Image Evaluation

Images of the patients were reviewed by 2 independent neuroradiolo-
gists (with 9 and 7 years of experience) who were blinded to the pa-
tients’ clinical information. The confidence level for the presence of
cholesteatoma was graded on a scale of 0—2 (0 = none, 1 = equivocal,
2 = definite). The 2 radiologists assessed T1-weighted images, T2-
weighted images, and MS-EPI or SS-EPI. T2-weighted images were
used as anatomic references. The image sets with SS-EPI and those
with MS-EPI were mixed and presented to the observer in a random
order. The definite presence of cholesteatoma (score 2) was diagnosed
when marked hyperintensity compared with the brain tissue was
noted on DWI, unless the same lesion showed hyperintensity com-
pared with the cerebral white matter on T1-weighted images, which
strongly suggested cholesterol granuloma.'®?® When the hyperinten-
sity of the lesions on DWI was not marked or the DWI hyperintensity
coexisted with hyperintensity on T1-weighted images, the lesion was
rated a 1 on the confidence level scale. In all other cases, the lesions
were rated zero. Only a score of 2 was defined as a positive result.
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Sensitivity, specificity, and accuracy for the detection of
cholesteatoma with SS-EPI and MS-EPI*

Sensitivity (%)°

Specificity (%)  Accuracy (%)°

Observer 1
SS-EPI 46.7 (14/30) 100 (28/28) 72.4(42/58)
MS-EPI 76.7 (23/30) 100 (28/28) 87.9(51/58)
Observer 2
SS-EPI 46.7 (14/30) 100 (28/28) 75.9 (44/58)
MS-EPI 76.7 (23/30) 100 (28/28) 87.9(51/58)

@ Numbers in parentheses are raw data.
b P < 05 (Pearson x? test).

Statistical Analysis

The interobserver agreement on the rating scale was evaluated by
using the k statistic based on the published literature.*” In addition,
the sensitivity, specificity, and accuracy of the detection of cholestea-
toma were compared between MS-EPI and SS-EPI by using the Pear-
son x” test. Multiple logistic regression analysis between the 2 meth-
ods was used to identify the contributing factors. Statistical analyses
were performed by using PASW Statistics 18 (SPSS, Chicago, Illinois).
In all statistical analyses, the level of significance was set at P < .05.

Results

The diagnosis of cholesteatoma was surgically confirmed in all
patients who were clinically suspected of having cholestea-
toma. Because 1 patient had bilateral cholesteatoma and 1 pa-
tient had no cholesteatoma, a total of 30 temporal bones with
cholesteatomas (20 primary and 10 recurrent) and 28 without
were assessed by the observers.

Excellent interobserver agreement was found for both MS-
EPI (k = 0.856) and SS-EPI (k = 0.820). MS-EPI was associ-
ated with a higher sensitivity (76.7%) and accuracy (87.9%)
than SS-EPI (sensitivity = 50.0%, accuracy = 74.1%) (P <
.05), while both methods showed 100% specificity (Table).

There were 16 and 14 false-negative cases on SS-EPI for
observers 1 and 2, respectively; those on MS-EPI were 7 and 7
for observers 1 and 2, respectively. Four cholesteatomas were
undetectable on both SS-EPI and MS-EPI. These lesions were
also undetectable on both T1- and T2-weighted images, even
on retrospective observation (Fig 2).



Fig 2. MR images of a recurrent cholesteatoma of the left middle ear in a 42-year-old woman. Cholesteatoma is undetectable not only on SS-EPI (A) and MS-EPI (B) but also on T1- ()
and T2-weighted images (D), even on retrospective observation. A very small cholesteatoma was found along the columella formed by the incus during the surgery.

Multiple logistic regression analysis showed that MS-EPI
was the only independent discriminator to predict cholestea-
toma (P < .001).

Discussion

Our results showed that MS-EPI showed increased diagnostic
accuracy for acquired cholesteatoma compared with the con-
ventional SS-EPI technique (Table).

The usefulness of DWI in the detection of cholesteatoma
has been described in many published reports.”>"'” DWT re-
flects altered water molecular mobility. It is postulated that
restricted free water molecular diffusion, T2 “shine through”
effect, or a combination of both was responsible for the
marked hyperintensity on DWI'>*®*° Recently, De Foer et
al'” reported that DWT sequences had significantly higher sen-
sitivity and specificity than delayed gadolinium-enhanced T1-
weighted sequences.

SS-EPI requires only a single radio-frequency excitation
pulse, and it is the most widely used DWI technique in clinical
practice.'>?%*° SS-EPI is known to be very susceptible to main
field inhomogeneity, which may lead to severe image degrada-
tion. In MS-EP], signal-intensity acquisition can be divided
into a number of shots with interleaved k-space trajectories,
which result in reduced imaging distortion®> and a similar
SNR compared with SS-EPL.>'*> We believe that the better
sensitivity and accuracy of MS-EPI compared with SS-EPI
shown in this study is attributable to the improved image qual-

ity of the former. MS-EPI in this study required a longer ex-
amination time (4 minutes 21 seconds) than SS-EPI (1 minute
30 seconds). Nevertheless, our results suggest that the in-
creased value of MS-EPI more than offsets the increased ex-
pense of the longer imaging time.

Although non-echo-planar imaging techniques such as
PROPELLER have been reported to be useful in avoiding geo-
metric distortion in DWI due to nonuniform signal-intensity
averages in different portions of the k-space,’ the signal-inten-
sity characteristics were more favorable with echo-planar im-
aging than with PROPELLER.?! In addition, PROPELLER is
unavailable in most MR imaging systems including our sys-
tem, while MS-EPI requires no special installation and is,
therefore, widely available. A comparison of image quality be-
tween DWI obtained by using the non-echo-planar imaging
techniques and that obtained with MS-EPI should be studied
in the future.

Four cholesteatomas could not be detected on either MS-
EPI or SS-EPI in this study. These lesions were undetectable
not only on DWI but also on T1- and T2-weighted images,
even on retrospective observation (Fig 2). In each of these 4
cases, a thin membrane-like or very small cholesteatoma le-
sion was found during the surgery. Fitzek et al*® presumed that
a false-negative on imaging might occur in cases of very early
cholesteatoma without mass formation or when cholestea-
toma masses spontaneously extruded into the external audi-
tory canal before MR imaging.
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This study has several limitations. First, the number of pa-
tients was relatively limited. Second, the apparent diffusion
coefficient was not evaluated to confirm decreased diffusion,
and contrast-enhanced T1-weighted imaging was not evalu-
ated. We focused on evaluating the 2 echo-planar methods,
and MS-EPI showed positive results in this study. Third, dif-
ferent TEs were selected for MS-EPI (76 ms) and SS-EPI (59
ms). We chose the minimum TE to maximize the SNR for each
pulse sequence. Finally, we used different b factors for the 2
sequences: 800 s/mm? for MS-EPI and 1000 seconds/mm? for
SS-EPI. Although the optimum b factor has not yet been de-
termined for the head and neck region, b factors between 800
and 1000 s/mm’ have been most commonly used.”*" Al-
though we should have used the same b factors for the 2 im-
aging methods, we believe that the effect of the different b
factors distorted our results only minimally. Kingsley and Mo-
nahan’? noted that the exact choice of b factor is not critical for
the detection of ischemic strokes when a b factor between 800
and 1200 s/mm” is used.

Conclusions

Our results demonstrate that MS-EPI improves the diag-
nostic accuracy for acquired middle ear cholesteatomas in
comparison with SS-EPI. The use of MS-EPI instead of SS-
EPI should be considered as a clinical imaging protocol for
cholesteatoma.
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