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Abstract Objectives: The purpose of this study was to
assess the value of the diffusion MRI with the non-echo-
planar imaging (Non-EPI) technique for follow-up the
post-operative patients to detect residual cholesteatomas.
Study design: This prospective study was performed on 40
patients. All patients were at least one year after Canal
Wall Up mastoidectomy surgery for cholesteatoma and
scheduled for a second-look surgery. Patients and Methods:
This prospective study was performed on 40 patients. All
patients were subjected to Canal Wall Up surgery and
planned for the second-look operation. After one year as
removal of choleasteatoma is uncertain in first surgery. The
study done at Tertiary referral centers (Ain shams, Man-
soura, and Minia university hospitals), non-echoplanar
diffusion MRI (NEP-DWI) technique for follow-up the
post-operative patients to detect residual cholesteatomas,
then second look surgery done 2 weeks after MRI. Results:
Forty patients underwent MRI with Non-echoplanar dif-
fusion-weighted imaging (NEP-DWI). Twenty-six patients
had positive MRI results with the remaining 14 patients

< Mohammed A. Gomaa
magomaa67 @gmail.com

Department of Radiology, Faculty of Medicine, Ain Shams
University, Cairo, Egypt

Department of Radiology, Faculty of Medicine, Mansoura
University, Dakahlya, Egypt

Department of Radiology, Faculty of Medicine, Minia
University, Minia, Egypt

Department of Otorhinolaryngology, Faculty of Medicine,
Minia University Hospital, Minia University, Minia 61111,
Egypt

Department of Otorhinolaryngology, Faculty of Medicne,
Azhar University, Cairo, Egypt

had negative results. These results were compared to
operative findings. All positive MRI cases showed positive
intra-operative findings. Ten of negative MRI cases
showed negative intra-operative findings. Four of DWI-
negative cases showed small cholesteatomas. Conclusion:
The use of NEP-DWI is a valuable tool in detecting
residual cholesteatoma that could replace the second look
surgery in many cases.
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Abbreviations
CT Computed tomography
CWD Canal wall down surgery

Cwu Canal wall up surgery
DWI Diffusion-weighted imaging
EPI Echoplanar imaging

MRI Magnetic resonance imaging

NEP-DWI  Nonechoplanar Diffusion-weighted imaging
SPSS Statistical package for social science
Background

Cholesteatomas is a destructive erosive growth of kera-
tinizing squamous epithelium in the temporal bone [1]. It
has erosive potential, mostly due to the inflammatory
response, which activates osteoclastic activity [2, 3].
Cholesteatomas usually erode middle ear structures like
scutum and middle ear ossicles. With progression, the
cholesteatoma can invade other important structures such
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as the labyrinth and tegmen tympani [4, 5]. This can result
in serious intracranial life-threatening complications. Sur-
gery is the only definitive therapeutic option, aiming pri-
marily to eradicate the disease and secondarily attempting
to maintain the anatomy and preserve the function as
possible [6].

There are two basic types of surgery for cholesteatoma,
canal wall up (CWU) and canal wall down (CWD) surg-
eries. Most surgeons tend to favor the less invasive Canal
Wall Up surgery for treating cholesteatomas; however, it
carries higher rates of recurrence and residual disease [7].
In the postoperative follow-up, the recurring or residual
disease is very difficult to detect clinically. Computed
tomography (CT) is also not specific in this situation.
Second-look surgery is, therefore, usually needed [8].

Many studies reported that magnetic resonance imaging
(MRI), especially diffusion-weighted imaging (DWI) can
play a crucial role in differentiation between residual
cholesteatoma and post mastoidectomy granulation tissue,
and thus obviates the need for unnecessary surgery
[6, 7, 9].

Several types of DWI techniques have been applied,
which can be broadly divided into non-EPI and echoplanar
imaging techniques [6].

The purpose of this study was to assess the value of the
non-echoplanar diffusion MRI (NEP-DWI) technique for
follow-up the post-operative patients to detect residual
cholesteatomas.

Patients and Methods
Study Design

This prospective study was performed on 43 patients. All
patients were subjected to Canal Wall Up surgery and
planned for the second-look operation. After one year as
removal of choleasteatoma is uncertain in first surgery.

This study was approved by the local institutional
review board. Written consent was obtained from each
patient.

Sample size: 40 patients were examined over two years,
from August 2017 to September 2019.

Inclusion criteria: Patients underwent CWU surgery
and were planned for second-look surgery after one year.

Exclusion criteria: Any patient with contraindication to
MRI (e.g. pacemaker) was excluded.

Protocol: After describing the aim, protocol, and risk—
benefit ratio of the study, informed consent was obtained.
Cleaning the wax and secretions of the external ear was
done before the exam to avoid false-positive results. In
each case, history has been taken with checking for con-
traindication to MRI imaging. Previous CT (if available) is
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obtained. Patients lie supine and were asked not to move
during the exam.

MRI was performed using a Philips scanner (Intera,
1.5Tesla, Philips Healthcare, Best, The netherlands). An
8-channel sensitivity encoding head coil was used. The
following sequences were done:

e Axial non-echo-planar multi-shot turbo spin echo
diffusion-weighted imaging: 3 mm thick axial slices,
TE: 75 ms, TR: 2460 ms, matrix: 128 x 128, B factors:
0 and 800 s/mm?2, FOV: 200 x 150 mm.

e Coronal non-echo-planar turbo spin echo diffusion-
weighted imaging: 3 mm slice thickness, TE: 75 ms,
TR: 2460 ms, matrix: 128 x 128, B factors: 0 and
800 s/mm2, FOV: 200 x 150 mm.

e ADC maps were reconstructed after the scan using the
diffusion scan raw data. ADC values were not routinely
calculated.

e Axial T2-weighted Turbo spin-echo: TR/TE,
5000/120 ms; matrix, 320 x 320; section thickness
3 mm,; field of view, 180 x 180 mm.

e Coronal T2-weighted turbo spin echo: TR/TE,
5000/120 ms; matrix, 320 x 320; section thickness
3 mm; field of view, 180 x 180 mm.

e Axial Tl-weighted coronal spin-echo (TSE): TR/TE,
550/10 ms; matrix, 256 x 256; section thickness
3 mm; field of view, 180 x 180 mm.

Image Analysis

MRI images were reviewed by two independent expert
neuroradiologists (about 7 and 10 years of experience in
neuroimaging). A final decision was made based on mutual
consultation. The study was considered positive for cho-
lesteatoma if there is high signal intensity on T2WI, with
high signal intensity on DWI on b value = 0 s/mm?2 ima-
ges, with persistence or increases of signal on high b value
(800 s/mm?2) images and low signal in ADC maps. Cal-
culation of the ADC value was not performed.

All patients underwent subsequent surgical exploration
within 2 weeks following the MRIL.

Statistical Analysis

The data collected was analyzed and findings were
obtained using the statistical package for social science
(SPSS) windows package version 26.0 (IBM, Armonk,
New York). A comparison of intra-operative data with data
generated by MRI was made. Sensitivity, specificity, neg-
ative and positive predictive values were calculated by
using operative findings as standard of reference.
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Results

Forty-three patients were sent for DW-MRI examination.
Three patients were removed from the study, one patient
because of having a metallic implant that was not MR
compatible (cardiac pacemaker) and 2 patients were
claustrophobic. So, the total number of patients included in
our study was 40 patients, who were exposed to MRI.

Of the 40 patients, 27 (67.5%) were male patients and 13
(32.5%) were females. The mean age of the patients was
26.6 years (range, 1260 years).

Twenty-five (62.5%) of the patients had a right-sided
lesion while 15 (37.5%) patients had the lesion on the left
side.

Among the 40 patients, 26 patients (65%) had positive
DW-MRI results with the remaining 14 patients (35%) had
negative results. These results were compared to intra-op-
erative findings. Positive operative findings were found in
30 (75%) patients. Negative intra-operative findings were
found in 10 (25%) patients, where only granulation tissue
was found, with no evidence of cholesteatoma. Four cases
were negative by DWI study but revealed positive results
intra-operatively (false-negative cases). Three of these four
cases show cholesteatoma measuring 3 mm or less in size
intra-operatively and one case show retraction pocket
without keratin content.

The sensitivity of the DW-MRI in our study was 86.7%,
the specificity 100%, the positive predictive value 100%,
and the negative predictive value 71.4%.

Figures from 1, 2, 3, 4, 5 and 6 show MRI- DWI of some
cases.

Discussion

Cholesteatoma is an aggressive epithelial lesion that may
result in hearing loss, temporal bone destruction, and
serious intracranial complications [10]. Surgery is the
definitive treatment for cholesteatoma. However, there is a
high incidence of residual cholesteatoma. Second-look
surgery is usually done between 9 and 18 months after the
primary surgery to eradicate any residual or recurrent
lesion [11, 12].

The diagnostic accuracy of several imaging modalities
was evaluated in many published literatures, trying to find
a non-invasive radiological alternative to the elective
“second-look” operation. High-resolution Computed
tomography (HRCT) has a high negative predictive value
(NPV) only when the post-operative cavity is completely
clear without any abnormal soft tissue inside [13]. CT has
poor specificity as it cannot differentiate between choles-
teatoma tissue and other post-operative soft tissue

pathologies such as granulation tissue, inflammatory pro-
cess, or fibrotic tissue [14].

Various MRI techniques were also evaluated for this
purpose. Delayed post-contrast MRI was evaluated as a
tool to differentiate granulation tissue from residual cho-
lesteatoma. This technique detect larger cholesteatomas but
often failed to detect small lesions [15].

Many data have been published during the last decade
supporting the use of DWI for the evaluation of postop-
erative residual/recurrent cholesteatoma. Cholesteatomas
appear of high signal on DWI images. The reason is not
fully understood, but may be explained by a combination
of T2 shine-through and diffusion restriction effects [16].

DWI is more practical than delayed contrast-enhanced
MRI; with a shorter examination time lack of IV contrast
injection [6]. Single-shot (SS) echoplanar diffusion-
weighted imaging (EPI-DWI) is the widely available
standard diffusion technique, yet it is prone to suscepti-
bility artifacts, chemical shift, and geometric distortion
[17]. These artifacts may mask small cholesteatoma [18].
Moreover, EPI-DWI is of low spatial resolution and
requires thick sections, limiting its ability to detect cho-
lesteatoma below 5 mm in size [19, 20].

More recently, different non-echoplanar DWI (NEP-
DWI) techniques have been developed by different MR
imaging vendors, such as single-shot turbo spin-echo DWI,
multi-shot turbo-spin echo, half-Fourier acquisition single-
shot turbo spin-echo (HASTE) (Siemens Medical Solu-
tions, Erlangen, Germany), PROPELLER DWI (GE med-
ical systems, USA), and BLADE DWI (Siemens Medical
Solutions). Such sequences reduce most susceptibility
artifacts and permit thinner sections, resulting in improved
sensitivity to 90-100% for lesions as small as 2 mm
[6, 14].

These techniques allow for a better selection of cases
requiring surgical revision and could help to avoid
unnecessary surgical exploration [3].

The current prospective study supports many previous
studies that NEP-DWI can confirm or rule out the presence
of residual or recurrent cholesteatoma with high sensitivity
and specificity.

The sensitivity of the current study was 86.7%, which
correlated with other previous studies such as De Foer et al.
(90%) [21], Profant et al. (96.15%) [22], Hudgins et al.
(93%) [23]. Few published studies documented lower
sensitivity, which could be attributed to a larger proportion
of small cholesteatoma (less than 3 mm) in their study
sample [24, 25].

Lehman et al. and Pizzini et al. found slightly higher
sensitivity than our study (96.5%, 100% respectively). This
could be attributed to using higher magnetic field strength
(3Tesla magnet) [26, 27].
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Fig. 1 a Axial & b Coronal
T2WI show an area of abnormal
high signal within the right
middle ear cavity measuring

11 mm in largest dimension.
Axial (¢) and Coronal

(d) DWIs: show a large area of
diffusion restriction within the
right middle ear cavity (white
arrow). Coronal ADC map (e):
shows a corresponding area of
low signal within the right
middle ear cavity (red arrow)

Fig. 2 a Axial & b Coronal CT images: show non-specific soft tissue e Coronal DWIs and f coronal ADC map: show a large area of bright
opacification of the right mastoid region as well as the epitympanum DWI signal within the right middle ear cavity with corresponding low
and mesotympanum with total ossicular resorption and extensive signal on ADC map, confirming true diffusion restriction (white
osseous erosions. ¢ Axial & d Coronal T2 images: show diffuse T2 arrow)

hyperintensity within the right mastoid and middle ear regions.
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Fig. 3 a Axial and b coronal
CT images: show non-specific
small mesotympanic soft tissue
density (short arrow). ¢ Coronal
T2 image: shows a small area of
T2 hyperintensity within the
right middle ear region. d Axial
DWIs: shows a small area of
bright DWI signal within the
right middle ear cavity

Fig. 4 a Coronal T2 images:
show diffuse T2 hyperintensity
within the left middle ear cavity.
b Axial and ¢ coronal DWIs:
show area of diffusion
restriction within the left middle
ear cavity measuring 9 mm.

d Axial ADC map revealed a
corresponding area of low
signal within the left middle ear
cavity, confirming diffusion
restriction

The most common cause for missing residual choles-
teatoma on a NEP-DWI is size. The sizes of cholesteato-
mas detected intra-operatively in three of the false-negative
cases in our study were 2 mm, 2.5 mm, and 3 mm. The
smallest size detected in our study was 4 mm. The
threshold for detection is reported to be 2—-3 mm in most
studies using NEP-DWTI [23, 28-30]. It is better than pre-
vious studies using single-shot echoplanar imaging (SS-
EPI) such as [19] and [31] (5 mm in both studies).

Authors such as Migirov et al. [29] stated that it may be
considered safe to leave such small cholesteatomas, and
some researchers suggest a follow-up DWI study to detect

such lesions once they increased in size. The need for such
follow-up studies and the time interval in-between are still
not accurately established.

The last false-negative case in our study measured
4.5 mm in size, yet this was composed of epithelial lining
without keratin matrix contents. This could be explained by
that the keratin material is responsible for the bright signal
in DWI, so lack of this material (empty retraction pocket)
reduced the visibility of the lesion [32].

According to our study, the specificity of NEP-DWI for
cholesteatoma was 100%, compatible with many earlier
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Fig. 5 a Axial and b coronal CT images: show non-specific soft
tissue density within right middle ear. ¢ Coronal T2 image: shows an
area of T2 hyperintensity within the right middle ear region. d Axial

DWIs, e Axial ADC map and f Coronal DWIs: show a small area of
bright DWI signal within the right middle ear cavity with corre-
sponding low signal in ADC map

Fig. 6 a Coronal and b Axial T2 WI: show diffuse T2 hyperintensity within the left middle ear cavity. ¢ Axial DWI: show no evidence of
diffusion restriction. However, a small cholesteatoma was discovered intra-operatively within the granulation tissue measuring 2 mm

studies using NEP-DWI as well as EPI techniques.
[19, 21, 26, 33, 34]

Delayed contrast-enhanced MRI improved the sensitiv-
ity of EPI to detect postoperative cholesteatoma. However,
when NEP-DWI techniques are available, performing this
time-consuming technique is not considered necessary

@ Springer

anymore. Preoperative CT may not be needed also except
for cases with positive DWI examination [35-37]

While the use of the NEP-DWI technique in post-op-
erative follow-up implies additional costs in patient man-
agement, the overall cost reduction and the decrease in
patient morbidity outweigh these costs because the number
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of second-look surgery could be significantly reduced
[1, 3].

A suggested workup protocol for possible residual
cholesteatoma is to use NEP-DWI in low-risk patients with
small cholesteatoma or those lacking clinical complaints.
Second look surgery can be postponed but those patients
should be monitored closely by serial DWI to confirm the
absence of cholesteatoma or growth to a size that requires
surgery.

Conclusion

This study confirmed that the NEP-DWI technique is a
valuable modality in detecting residual cholesteatoma with
high accuracy that could significantly reduce the number of
elective revision surgery.
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