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ORIGINAL RESEARCH
HEAD & NECK

Non-EPI versus Multishot EPI DWI in Cholesteatoma
Detection: Correlation with Operative Findings

J.C. Benson, M.L. Carlson, and J.I. Lane

ABSTRACT

BACKGROUND AND PURPOSE: Although multishot EPI (readout-segmented EPI) has been touted as a robust DWI sequence for
cholesteatoma evaluation, its efficacy in disease detection compared with a non-EPI (eg, HASTE) technique is unknown. This study
sought to compare the accuracy of readout-segmented EPI with that of HASTE DWI in cholesteatoma detection.

MATERIALS AND METHODS: A retrospective review was completed of consecutive patients who underwent MR imaging for the
evaluation of suspected primary or recurrent/residual cholesteatomas. Included patients had MR imaging examinations that
included both HASTE and readout-segmented EPI sequences and confirmed cholesteatomas on a subsequent operation. Two neu-
roradiologist reviewers assessed all images, with discrepancies resolved by consensus. The ratio of signal intensity between the cer-
ebellum and any observed lesion was noted.

RESULTS: Of 23 included patients, 12 (52.2%) were women (average age, 47.8 [SD, 25.2] years). All patients had surgically confirmed
cholesteatomas: Six (26.1%) were primary and 17 (73.9%) were recidivistic. HASTE images correctly identified cholesteatomas in
100.0% of patients. On readout-segmented EPI sequences, 16 (69.6%) were positive, 5 (21.7%) were equivocal, and 2 (8.7%) were
falsely negative. Excellent interobserver agreement was noted between reviews on both HASTE (k ¼ 1.0) and readout-segmented
EPI (k ¼ 0.9) sequences. The average signal intensity ratio was significantly higher on HASTE than in readout-segmented EPI, facili-
tating enhanced detection (mean difference 0.5; 95% CI, 0.3–0.8; P¼ .003).

CONCLUSIONS: HASTE outperforms readout-segmented EPI in the detection of primary cholesteatoma and disease recidivism.

ABBREVIATIONS: MS ¼ multishot; RESOLVE ¼ readout-segmented EPI

Middle ear cholesteatomas are ectopic, keratinizing squa-
mous epithelium, which may be acquired or, much less

commonly, congenital.1,2 Although not considered a true neo-
plasm, cholesteatomas are locally destructive and have a high pro-
pensity for recurrence following surgical removal. As they
gradually expand, cholesteatomas erode the osseous structures
within and adjacent to the middle ear cavity, including the
ossicles, labyrinth, fallopian canal, and middle fossa bone plate.3

Current mainstay therapy includes microsurgical extirpation,
with the chief goal of complete disease removal and prevention of
intratemporal and intracranial complications.4 The most com-
mon microsurgical approach for cholesteatoma is an canal wall
up tympanomastoidectomy, in which the posterior bony ear
canal is left intact and the tympanic membrane is reconstructed.

Depending on the extent of disease at surgery, a planned second-
look procedure may be performed approximately 1 year after the
initial operation to evaluate residual disease and potentially
reconstruct the ossicular chain when indicated. Nevertheless, re-
sidual and/or recurrent (ie, recidivism) disease occurs in up to
30% of cases. Imaging is crucial in cholesteatoma management; it
aids in the initial diagnosis and may obviate the need for second-
look surgery.5,6

During the past decade, DWI has emerged as a powerful diag-

nostic tool for detection of both primary and residual or recurrent

cholesteatomas.7-9 Cholesteatomas demonstrate marked hyperin-

tensity on DWI , likely related to either T2 shinethrough or intrale-

sional restricted diffusion related to keratin debris.10 Across the

years, there have been many iterations of DWI optimization for

cholesteatoma identification. The EPI trajectory used by conven-

tional DWI makes such sequences prone to substantial susceptibil-

ity artifacts, and single-shot EPI sequences were found to be poor

at identifying lesions of ,4–5mm.11-13 Consequently, non-EPI

DWI techniques began to be favored; such algorithms minimize
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susceptibility artifacts and geometric distortion related to the skull

base and are able to detect lesions as small as 2mm.14,15 BLADE

(Siemens) and other such PROPELLER sequences are subtypes of

non-EPI techniques that minimize susceptibility artifacts and geo-

metric distortions by sampling k-space in a rotating fashion.16,17

More recently, HASTE DWI (Siemens) has emerged as a par-
ticularly effective sequence, which is relatively insensitive to motion
and has been shown in prior studies to detect cholesteatomas with
promising accuracy.18,19 Although traditional EPI techniques have
been largely abandoned in the setting of cholesteatoma detection,
readout-segmented EPI (RESOLVE; Siemens) DWI is a relatively
new technique that has been promoted as a possible alternative dif-
fusion sequence. RESOLVE is a multishot (MS) EPI sequence that
is able to reduce geometric distortions at the expense of longer
imaging time. Recent reports have indicated that RESOLVE may
be a useful sequence in cases of suspected cholesteatoma.7,20

Despite its proposed efficacy in cholesteatoma imaging, the
diagnostic utility of RESOLVE sequences has yet to be robustly
evaluated against non-EPI DWI, the current criterion standard.
Thus, this study was conceived with the chief goal of assessing
the accuracy of RESOLVE in the detection of cholesteatomas and
comparing the ability of RESOLVE with that of HASTE sequen-
ces in this context.

MATERIALS AND METHODS
Patient Selection and Electronic Medical Record Review
Institutional review board approval (approval No. 19–008120)
was obtained before study commencement. A retrospective
review was completed of consecutive patients who underwent
high-resolution MR imaging of the temporal bone between
September 20, 2011, and March 9, 2020; patients were identified
using an institutional electronic medical record search engine.
Inclusion criteria encompassed patients who had preoperative
MR imaging including dedicated HASTE and RESOLVE sequen-
ces for the evaluation of cholesteatoma (both sequences were rou-
tinely performed for cholesteatoma work-ups since 2011) and a
subsequent operation in which the diagnosis of cholesteatoma
was confirmed. Patients were excluded if images were substan-
tially degraded by artifacts (eg, motion) rendering the imaging
nondiagnostic.

MR Imaging Protocol
MR imaging was performed on a 1.5T MR imaging scanner
(Magnetom Espree; Siemens) using a 32-channel head coil.
HASTE (TR/TE¼ 800/108 ms, flip angle¼ 180°, section
thickness¼ 2.0 mm, interslice gap¼ 2.2 mm, matrix¼ 128 �
90, acquisition time¼ 4 minutes 17 seconds) and RESOLVE
sequences (TR/TE¼ 3500/76 ms, flip angle¼ 180°, section
thickness¼ 2.0 mm, interslice gap¼ 2.6 mm, matrix¼ 160 �
128, acquisition time¼ 3 minutes 44 seconds) were per-
formed in all cases per inclusion criteria.

Imaging Analysis
Two board-certified neuroradiologists (J.I.L. and J.C.B.) reviewed
all MR imaging examinations. All discrepancies were resolved by
consensus. Each sequence was analyzed for the subjective pres-
ence or absence of cholesteatoma (presumed on the basis of a

focus of hyperintensity) on both HASTE and RESOLVE sequen-
ces. Images were noted as being “positive,” “negative,” or “equiv-
ocal” for the presence of a lesion. Identified lesions were
measured in the longest axial dimensions; measurements were
used to calculate the presumed ellipse axial area of all cholesteato-
mas. Average signal intensities of the presumed cholesteatoma
and adjacent cerebellar parenchyma were measured to establish a
signal intensity ratio for each diffusion sequence.

Statistical Analysis
Means and SDs for continuous variables were calculated in Excel
(Microsoft). A paired t test was used to compare both average sig-
nal intensity ratios and measured lesion size on HASTE and
RESOLVE. Interobserver agreement was calculated using a
Cohen k statistical test. Statistical analyses were performed with
the SAS-based statistical software package (JMP 13.0; SAS
Institute). The threshold for significance was set at P, .05.

RESULTS
Patient Characteristics
Twenty-five patients met the inclusion criteria, of whom 2 were
excluded (one because the incorrect MR imaging protocol was
used and one because DWI did not include the entire temporal
bone). Hence, the final cohort comprised 23 patients; 12/23
(52.2%) were women, and the average age was 47.8 [SD,
25.2] years. Six patients (26.1%) were diagnosed with a primary
cholesteatoma; the remainder (73.9%) represented disease recidi-
vism diagnosed on follow-up MR imaging after prior cholestea-
toma resection. Of the patients who had previously undergone
surgical resection, the average time interval between the initial
surgery and the second-look MR imaging was 104.6 [SD, 162.9]
months (median, 60.5months). For all patients, the average time
between MR imaging and surgical confirmation of cholesteatoma
was 1.6 [SD, 2.4]months.

Imaging Analysis
Every patient in the cohort had cholesteatoma confirmed at sur-
gery. All (100.0%) lesions were detected on preoperative HASTE
imaging. On RESOLVE sequences, 16 (69.6%) were positive (Fig
1), 5 (21.8%) were equivocal (Fig 2), and 2 (8.7%) were falsely
negative (Fig 3). Excellent interobserver agreement was noted
between reviews of both HASTE (k ¼ 1.0) and RESOLVE (k ¼
0.9) sequences. The sole disagreement was regarding a RESOLVE
sequence in which the 2 reviewers regarded the examination as
either equivocal or negative.

The average axial area of cholesteatoma on HASTE images
was 3.7 [SD, 4.2] cm2 measured in the maximum diameter
(range¼ 0.5–15.6 cm2); the average size on RESOLVE images
was 2.9 [SD, 3.8] cm2 (range, 0.4–15.6 cm2). The measured size
on HASTE images was significantly larger than that measured on
RESOLVE images (mean difference, 1.0 cm2; 95% CI, 0.6–1.5
cm2; P , .001). Both of the lesions not identified on RESOLVE
images were among the smallest cholesteatomas in the cohort,
each measuring 0.6 cm2. Two other similarly sized lesions (0.5
and 0.6 cm2) were each regarded as “equivocal” on RESOLVE
images. Lesions ,1.0 cm2 measured on HASTE were more likely
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to be equivocal or falsely negative on RESOLVE than those of
$1.0 cm2 (P¼ .02).

The average ratio between cholesteatoma and cerebellar signal
intensities was 1.8 [SD, 0.8] on HASTE and 1.3 [SD, 0.7] on
RESOLVE. The average signal intensity ratio was significantly
higher on HASTE than on RESOLVE (mean difference, 0.5; 95%
CI, 0.3–0.8; P= .003).

DISCUSSION
The results of this study indicate that HASTE outperforms
RESOLVE in the detection of primary and recidivistic cholestea-
toma. HASTE imaging correctly identified lesions in all cases,
while RESOLVE results were equivocal in more than one-fifth of
cases and falsely negative in 2 patients. These findings have im-
mediate implications in terms of how MR cholesteatoma imaging
is approached. Specifically, the results indicated that RESOLVE
images are more likely to be equivocal or falsely negative in cases
of surgically confirmed cholesteatomas, particularly in the case of
small lesions.

The most likely contributor to the superior performance of
HASTE imaging is the greater relative intensity of lesions com-
pared with the adjacent cerebellar parenchyma. Cholesteatomas
were both subjectively positive and objectively brighter on the
HASTE sequence. This observed appearance is similar to that
described by Dhepnorrarat et al,21 in which cholesteatomas were
distinctly apparent, even in the setting of postoperative changes
with adjacent scar tissue. Cholesteatomas on RESOLVE images,
conversely, frequently had signal more similar to that of the adja-
cent parenchyma, thereby accounting for the equivocal results

garnered from RESOLVE images. Size, too, appeared to be an im-
portant factor: Smaller lesions were more likely to be missed or
called equivocal on RESOLVE sequences, and the axial dimen-
sions of lesions were greater when measured on HASTE

FIG 2. Example of a cholesteatoma seen on HASTE imaging with
equivocal findings on RESOLVE. The patient is a 13-year-old boy with
a history of bilateral cholesteatomas status post multiple prior sur-
geries who presented with recurrent hearing loss in his right ear. Axial
HASTE (A) image clearly depicts a 0.6-cm focus of restricted diffusion
in the right hypotympanum (arrow). Although faint signal is seen in
this region on corresponding axial RESOLVE (B) image (arrow), the
intralesional signal is insufficiently intense to warrant a certain
diagnosis.

FIG 1. Cholesteatoma with positive findings on both HASTE and
RESOLVE in a 4-year-old girl with delayed speech. Both axial HASTE
(A) and RESOLVE (B) demonstrate a region of restricted diffusion in
the left external auditory canal (arrow). Note greater signal hyperin-
tensity of HASTE compared with the RESOLVE image. Adjacent opa-
cified mastoid air cells demonstrate relatively faint signal (curved
arrow).

FIG 3. Cholesteatoma visible on HASTE but not on RESOLVE in a 69-
year-old woman who had undergone a left tympanomastoidectomy
approximately 15months prior for resection of a cholesteatoma. MR
imaging was performed to assess residual or recurrent disease. Axial
(A) HASTE image demonstrates a well-demarcated 0.6-cm focus of
restricted diffusion in the left anterior mesotympanum (arrow). No
abnormal signal was seen on corresponding RESOLVE image (B).
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compared with RESOLVE. Because many studies have demon-
strated a size threshold of about 2mm for adequate detection,
this would favor HASTE over RESOLVE to improve cholestea-
toma detection.

The results of this study are in agreement with prior analyses
that have found non-EPI (eg, HASTE) sequences to be both sen-
sitive and specific for cholesteatoma detection.10,22 A systematic
review by Jindal et al23 found the sensitivity, specificity, and posi-
tive predictive value of non-EPI DWI to be 91%, 96%, and 97%,
respectively. Among postoperative patients, Bakaj et al24 found
that non-EPI DWI had a 100% sensitivity after a canal wall down
mastoidectomy. Nevertheless, false-positives have been reported,
related to abscess, wax/debris, and encephaloceles.25 False-nega-
tives, too, occur, particularly in small (,3–5mm) lesions.26–28

Horn et al,27 for example, concluded that non-EPI DWI does not
eliminate the need for second-look surgery due to the rate of
false-negative examinations. Because the cohort of the current
study was made up exclusively of patients with known cholestea-
tomas, the results should be specifically interpreted as being
related to the superiority of HASTE over RESOLVE; any com-
ments regarding the false-negative rate or negative predictive
value of either sequence are beyond the scope of this study.

MS EPI sequences such as RESOLVE, conversely, have not
been extensively investigated in cholesteatoma imaging. A study
by Yamashita et al20 found the sensitivity (76.7%) and accuracy
(87.9%) of MS EPI superior to that of single-shot EPI; the speci-
ficity of both was 100%. Henninger and Kremser7 reported, in
2017, that MS EPI sequences were subjectively reliable for choles-
teatoma imaging but did not provide supportive quantitative
data. The only prior study that directly compared MS EPI with
non-EPI DWI was by Dudau et al.11 Although the authors found
good (k ¼ 0.75) agreement between the techniques, non-EPI was
better able to predict the presence of cholesteatoma in cases of
disagreement. Nevertheless, the authors concluded that MS EPI
could be used in conjunction with non-EPI for cholesteatoma
detection. The results of the current study, in contrast, indi-
cate that RESOLVE sequences are prone to false-negative or
equivocal results in the setting of surgically confirmed
cholesteatomas.

Nevertheless, MR cholesteatoma imaging remains a dynamic
field. Recently, an optimized BLADE DWI sequence using 2D
turbo gradient- and spin-echo imaging was shown to significantly
reduce distortion, blurring, and magnetic-sensitive artifacts.29 A
subsequent study demonstrated that turbo gradient- and spin-
echo BLADE had fewer ghosting artifacts and higher image qual-
ity than REOSLVE and was superior to RESOLVE in identifying
particularly small cholesteatomas.30 To date, however, no studies
have sought to compare turbo gradient- and spin-echo imaging
with HASTE sequences. Such a comparison could be the focus of
future research studies and is a poignant example of the still-
evolving landscape of MR imaging used for cholesteatoma
detection.

Finally, the effect of MR imaging field strength on cholestea-
toma imaging deserves mention. Although the superior signal-to-
noise ratio of a 3T scanner could theoretically provide better
detection of smaller lesions, the lower field strength of a 1.5T
scanner is less susceptible to magnetic field inhomogeneities that

often arise near the temporal bone. A recent study by Lips et al6

found that non-EPI DWI had superior sensitivity and specificity
for cholesteatoma detection if imaged on a 1.5T scanner rather
than 3T. These results stood in contrast to a prior report by
Lincot et al31 in which the authors found near-equal diagnostic
capabilities on 3T and 1.5T scanners. Like most prior studies, the
current study was performed using a 1.5T scanner. However, this
issue may be of further interest to future investigations.

This study has limitations shared by all retrospective analyses.
In addition, the number of included patients is relatively small
(n=23). Also, because both imaging sequences were completed
as part of the same examination, the neuroradiologists reviewing
the cases were not blinded to the results of other corresponding
images. Both reviewers were also aware that the cohort consisted
of only patients with surgically confirmed cholesteatomas,
thereby potentially introducing bias to the results. Similarly,
because all patients in the cohort had surgery-proved primary or
recurrent/residual cholesteatomas and the decision to operate
was influenced by the results of the second-look MR imaging, it
is possible that a selection bias influenced the results.
Furthermore, the lack of patients without cholesteatoma prevents
calculation of test specificity and negative predictive value.
Finally, both DWI sequences used in this study were vendor-spe-
cific, which may reduce the applicability of the results of this
study to the capabilities of all non-EPI and MS EPI DWI
techniques.

CONCLUSIONS
HASTE is superior to RESOLVE in the detection of both primary
and residual/recurrent cholesteatomas. The discrepancy between
sequences may be related to the greater relative intralesional sig-
nal intensity and size on HASTE images. Because cholesteatomas
appear smaller and less hyperintense on RESOLVE images, such
sequences are more likely to provide equivocal and sometimes
falsely negative results.
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