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ABSTRACT
OBJECTIVES: To investigate the correlation between preoperative non-echo planar diffusion-weighted (non-EPI
DWI) MR imaging with surgical findings of recidivous middle ear cholesteatoma after canal wall up (CWU) and
canal wall down (CWD) mastoidectomy.
BACKGROUND: The detection of recidive cholesteatoma after CWU and after CWD procedures, when the trepanation cavity is spontaneously closed by soft tissue, is possible by second-look and revision surgery. However,
many cases prove to be negative of the disease. To avoid unnecessary operational risks we adopted a novel
imaging method to evaluate its potential in the detection of recidivous cholesteatoma.
MATERIAL AND METHODS: The prospective study included 27 cases. Fifteen cases were revised after CWD and
12 cases were second-look surgeries after CWU procedures. All patients underwent the MR protocol: T2-weighted, T1-weighted and non-EPI DWI. The finding on MR correlated with peroperative presence of cholesteatoma.
RESULTS: Non-EPI DWI sequence showed an increased signal intensity in 16/27 (59 %) cases. This correlated
with surgical findings in all 7 patients after CWU and in 8 patients after CWD.
The overall sensitivity, specificity, positive and negative predictive values of non-EPI DWI were 83.3 %, 88.8 %,
93.8 % and 72.7 %, respectively. DWI presented a sensitivity of 100 % and specificity of 85.7 % in the subgroup
of patients after CWD mastoidectomy.
CONCLUSION: Residual and/or recurrent cholesteatoma can be accurately detected by DWI MR. It can be
used as a screening method to select patients, who are indicated to second-look or revision surgery after CWU
and CWD mastoidectomy (Tab. 1, Fig. 3, Ref. 49). Text in PDF www.elis.sk.
KEY WORDS: canal wall down (CWD), canal wall up (CWU), recidivism, cholesteatoma, non-echo planar diffusion-weighted imaging (non-EPI DWI), MR.

Introduction
Cholesteatoma is a cystic pseudotumor located mostly in
the middle ear, and less frequently in other areas of the temporal
bone (1). Etiopathogenetically, it is regarded as a heterogeneous
disease, where besides embryonic disorders (congenital cholesteatoma), there are other participating postnatal factors like epithelial
metaplasia, retraction pocket and dysfunctional eustachian tube
(acquired cholesteatoma) (2). Its wall, called matrix, consists of
keratin producing squamous epithelium (3). On its outer circum1
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ference, there is sometimes a layer of granulation tissue - perimatrix, which actively participates in invasive growth.
Cholesteatoma, by the pressure and due to collagenases, causes
osteoclastic remodeling of the bone and its necrosis. This leads to
erosion of osseous structures of the petrous bone and middle ear
ossicles, which can be exacerbated by secondary bacterial inflammation. The incidence of all forms of cholesteatoma in adults is
around 10–13/100 000 and 3/100 000 in children.
Primary middle ear cholesteatoma is usually diagnosed by
medical history, audiometric examination, otomicroscopical examination and high-resolution computed tomography (HRCT) (4).
Currently, the only therapeutic solution of cholesteatoma is
surgical excision (5). It also has a prophylactic effect on intratemporal and/or intracranial complications. The main goal is to control
disease, that is, to create a dry, trouble-free, and recurrence-free
ear with hearing preservation or reconstruction.
Surgically, we can perform an open technique, called canal
wall down (CWD), in which the posterior auditory canal wall and
lateral attic wall is removed to create a common cavity, which
combines the ear canal and mastoid (6). This technique provides
the surgeon a larger surgical exposure, and so is associated with a
lower recurrence cholesteatoma rate, 0–13 % (7). Its disadvantage,
however, resulted from an open cavity, contributes to restrictions
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in patients´ daily life: the need for consequent water protection,
frequent cleaning of the mastoid cavity by an otologist, as well
as usually chronically draining ear, which requires conservative
treatment (8). Recidivous disease most often occur in the cavity,
is then accurately detected on follow-up by otomicroscopical examination, which led to a revision surgery.
For the above mentioned disadvantages, some authors carry
out reconstruction of posterior wall or obliteration of the cavity
using various methods (9, 10).
Another option is to preserve the posterior wall of the external auditory meatus, called canal wall up (CWU) technique (11).
The advantage is the absence of an open cavity and, according to
some authors, it also provides better auditory gains (12). Thereat,
there is an increasing tendency amongst otologists to practise intact canal mastoidectomy.
CWU, compared with CWD is associated with about a 3-fold
higher risk of recurrent or residual disease (13). This is mainly due
to a smaller overview of the surgical field (14). Residual disease
occurs in the areas hidden from clinical inspection. Therefore, at
an interval of 9–24 months, a planned, control, second-look operation is indicated. However, in about 2/3 of patients, the absence
of relapsing cholesteatoma exposes these patients to unnecessary
operational risks.
Therefore, less invasive, imaging methods for detection of
residual and/or recurrent cholesteatoma were examined.
High-resolution computed tomography has been shown to be
unreliable in differentiating recidivous cholesteatoma from the
other pathological lesions (15). The cardinal HRCT sign of cholesteatoma, erosion of adjacent bone and ossiculars, is not applicable
in the postoperative ear because of the surgical modification of the
bony and ossicular landmarks. This disadvantage is compensated
with non-echo planar DWI, presented as at first by Dubrulle in 2006
(16), which has very good reliability and low inclination to artefacts, used in the differential diagnosis of soft tissue (17). It is based
on the detection of the random microscopic motion of water protons
in the presence of the strong magnetic field gradients (18). This proton self-diffusion is limited in cholesteatoma, as the accumulated
keratin comprises a minimal amount of water, which on diffusionweighted imaging (DWI) sequences, predominantly with contribution of T2 „shine-through“ effect, show as increased signal intensity in comparison with the brain/other surrounding soft tissues.
The aim of this study was to evaluate the diagnostic accuracy,
expressed as sensitivity, specificity, positive and negative predictive value of non-echo planar diffusion-weighted MR imaging in
our hospital for the detection of recidive middle ear cholesteatoma
after CWU and CWD procedures.
Materials and methods
Research design
This single-centre prospective observational study was conducted at the University Hospital Olomouc. In 2012, the non-EPI
DWI sequence was introduced for screening for residual and/or
recurrent cholesteatoma in the postoperative patients. That year
we didn´t have any experience with these specific MR sequence.
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The ENT surgeons decided that patients after CWU operations
requiring second-look surgery and patients who underwent CWD
procedures would be included in the study.
Decision for the second-look surgery was made by the surgeon
on the basis of findings at the first stage surgery and on clinical
follow-up (19, 20), for the revision surgery after CWD mastoidectomy on postoperative clinical findings or DWI MR results.
Patients
The study group consisted of 24 patients; 13 males and 11
females, with the mean age 34 (9–63) years, in the period from
12/2013 to 12/2015. One patient underwent a revision surgery after CWD with the reconstruction of the posterior ear canal ensued
by second-look, one underwent second-look and third-look surgery and another a revision operation after CWD twice. The total
number of MR examined and operated ears was 27, of which 12
cases were second-look surgeries after CWU for cholesteatoma,
which according to practise in our department were performed
9–14 months after the initial operation.
15 cases were revision surgeries after CWD, performed 12–
248 (mean 72) months years after the primary surgery. 8/15 (53
%) cases had a spontaneous complete closure of the trepanation
cavity by soft tissue, making the otomicroscopical examination
in the detection of recidive cholesteatoma impossible (Fig. 1).
7/15 (47 %) cases had discharging cavities with the presence of
inflammatory/granulation tissues and no apparent cholesteatoma.
Imaging technique
Examinations were performed at 1.5T MR unit Avanto (Siemens, Erlangen Germany) using a standard head coil. Imaging
protocol contains the following sequences: a turbo spin echo T2weighted images width of 5 mm in the axial and coronal plane
(TR 4640 ms, TE 103 ms, field of view 235 mm, matrix 296 x
384), spin echo T1-weighted images of width 4 mm in the sagital
plane (TR 552 ms, TE 8.4 ms, field of view 240 mm, matrix 256
x 256), turbo spin echo sequence DWI Fourier Half-acquisition
single-shot turbo spin echo (HASTE) width of 4 mm in the axial
plane (TR 2200 ms, TE 127 ms, field of view 230 mm, matrix
192x192, b factor of 1000 s/mm2).
Imaging evaluation
Two experienced head and neck radiologists evaluated independently all MR images without the knowledge of any surgical
or clinical information about patients. As cholesteatoma were
considered soft tissue lesion with a low signal intensity on T1weighted images, an increased signal intensity on T2 and a high
signal intensity in comparison with brain tissue on non-EPI DWI.
The size of the lesions in its maximal transversal diameter was
determined on DWI sequence.
Surgery
The interval between MR examination and surgery was
0–232, mean 33 days. Majority (56 %) of the patients were operated on within 3 weeks after MR. Indications for the second-look
surgery after CWU were independent of the MR results, which
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A

Fig. 1. The postoperative otomicroscopical view after CWD mastoidectomy, right side. Complete closure of the trepanation cavity by soft
tissue overlain by epithelium (white arrows). Anterior tympanomeatal
angle blunting (black arrow).

were blinded to the surgeon, as much of the revision surgery after
CWD with the clinical finding of discharing cavity and granulation tissue. Indication for a revision surgery after CWD in patients
with a complete cavity closure were made on positive DWI MR
finding.
The presence, macroscopic character and precise localization of all pathological lesions such as fibrosis, chronic inflammatory tissue and cholesteatoma were noted. The clinical diagnosis of cholesteatoma in all cases was confirmed
by histological examination and correlated with the findings
on MR.
Statistical analysis
The sensitivity, specificity, positive predictive value and negative predictive value of non-echo planar DWI MR for this disease
were calculated (Fig. 1).
Results
In the whole sample of 27 operated ears, cholesteatoma was
histologically diagnosed in 18 (67 %) cases, which included 8
(45 %), 9 (50 %) and 1 (5 %) case, represented as recidive after
CWD, residual and recurrent after CWU form, respectively. In
the other 8 cases, inflammatory granulation tissue or fibrosis was
confirmed. In one patient, no pathological mass was found during
the second-look operation.
Of the 18 proven cholesteatomas, 15 were correctly diagnosed
on preoperative DWI MR. Three false negative cases were residual
cholesteatomas after CWU surgery 2.5 mm, 2 mm and 1 mm in
size. One false positive DWI MR scan in a revision surgery after
CWD was caused by an artefact on air-bone interface. The detected
cholesteatomas had an average size of 9 mm, the smallest diameter
was 3 mm and the largest was 23 mm (Fig. 2).

B

Fig. 2. MR of the right temporal bone, axial images: cholesteatoma
and inflammatory tissue in the right middle ear. A, T2-weighted image showing homogenous high signal intensity in the perisinus mastoid
cells (black arrow) and in the mesotympanum and posterior hypotympanum (white arrow). B, DWI showing a homogenous high signal
intensity only in meso/hypotympanal lesion (white arrow) leading to
a diagnosis of 4 mm residual cholesteatoma.

A

B

Fig. 3. MR of the right temporal bone, axial images: cholesteatoma in
the right, spontaneously closed trepanation cavity after CWD mastoidectomy. A, T2-weighted image showing a homogenous high signal
intensity in the majority of trepanation cavity (white arrow). B, DWI
showing a homogenous high signal intensity in the lesion (white arrow) leading to a diagnosis of large 13x9 mm residual cholesteatoma.

In the group of patients, 15/27 (55 %) were true positive, 8/27
(30 %) true negative, 1/27 (4 %) false positive and 3/27 (11 %)
false negatives (Tab. 1).
In the subgroup of 15 patients after CWD, 8/9 (88.8 %) preoperatively detected cholesteatomas by DWI MR were peroperatively confirmed (Fig. 3). All lesions were localized in the trepaTab. 1. Clinical and radiological correlation of cholesteatoma findings.

↑ signal intensity
on DWI MR
↓ ⁄ 0 signal intensity
on DWI MR
Total

Cholesteatoma
present

Cholesteatoma
absent

Total

15*

1

16

3**

8

11

18

9

27

* 8/15 recidive after CWD, 6/15 residual and 1/15 recurrent cholesteatoma after
CWU, ** residual cholesteatomas after CWU ≤ 2.5 mm in size
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nation cavity. In the other 6 cases, cholesteatoma was correctly
excluded by the imaging method. In one patient, DWI MR showed
an increased signal intensity in small lesion 4 mm in size, but peroperatively only granulation tissue was found. The diameter of
the detected cholesteatomas ranged from 9 to 23 (mean 12) mm.
DWI presented sensitivity, specificity, positive and negative
predictive value of 100 %, 85.7 %, 88.8 % and 100 % respectively
in the subgroup of patients after CWD mastoidectomy.
The overall sensitivity, specificity, positive and negative predictive value of non-EPI DWI for this disease were 83.3 %, 88.8 %, 93.8
% and 72.7 % respectively. The accuracy of the method was 85.2 %.
Discussion
After the primary cholesteatoma surgery, there is a risk of
nonradically removing of the lesion (residual cholesteatoma) or a
development of new cholesteatoma based on new retraction pocket
containing keratin (recurrent cholesteatoma) (21).
This concerns especially CWU due to a higher rate of recidivous cholesteatoma usually present in the areas hidden from
clinical examination. In past, all patients after this technique had
to undergo routine second-look surgery several months after their
primary cholesteatoma surgery to rule out residual and/or recurrent disease (22).
To avoid potential operational risks in negative cases, noninvasive imaging methods in detection of recidive lesion have
been investigated.
HRCT in the detection of recidivous cholesteatoma has 43 %
sensitivity and 50 % specificity (23), significantly lower than for
primary cholesteatomas (15, 24).
Echo planar (EPI) sequence DWI MR provided new and better
quality. Its disadvantages are artefacts and the inability to show lesions less than 5 mm in size (15, 25, 26). For these reasons, some
authors combined this method with T1-weighted images after intravenous administration of gadolinium contrast agent (25). Differential diagnostic criterion, distinguishing cholesteatoma from
other tissues, is the absence of signal enhancement in the former.
However, this method was time consuming, and did not find wider
application in clinical practice.
The use of non-EPI DWI, due to a reduced slice thickness,
higher spatial resolution and reduced susceptible artefacts in temporal bone allowing visualization of smaller size lesions, has been
shown to be promising alternative for invasive second-look surgery in screening for recidivous cholesteatoma. It has a very high
sensitivity and specificity, high positive and negative predictive
values, and is also proposed to be suitable for detection of primary
cholesteatomas in disputable cases, both in children and in adult
patients (27, 28).
In our study, we found 83.3 % overall sensitivity. Similar values ranging from 82–96 % are reported in other publications (29,
30, 31, 32, 33, 34, 35, 36). Some authors even indicate absolute
numbers (16, 37, 38, 39, 40). In contrast, lower, 76 % (41) and 62
% (42) sensitivities are also described. The reason may have been
a relatively large number of false negatives in the first named (41)
and small number of patients in the second (42).
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We achieved a specificity of 88.8 %, which corresponds to the
majority of published studies with values ranging from 87.5 % to
93 % (16, 29, 31, 34, 35, 41, 42). Other authors reported 100 %
values (30, 37, 38, 39, 40, 42). Exceptionally, Profant et al (36)
and Garrido et al (32) reported lower values, of 71 % and 55 %,
which were caused by a relatively high incidence of false positives
and small number of examinations, respectively.
In our group, there were four false-negative findings. Three
of them were residual cholesteatomas ≤ 2.5 mm in size. Various
authors indicate different critical sizes for detection on DWI MR.
Some believe it is 2 mm, regardless of device used (29, 34, 39),
while others refer to 3 mm (30, 31, 33, 36, 37, 38, 40), or 4 mm
(41, 42), or even 5 mm (16).
The sensitivity of the method to small cholesteatomas is lower
than that for cholesteatomas of larger dimensions (41). The reasons
why these small lesions are not viewable on DWI MR are related
to the spatial resolution of DWI MR.
The source of the signal on DWI MR is restriction of diffusion
in keratin. For this reason, a positive result is found even in case of
filled retraction pocket (30). In contrast, those with small formations
(29, 34, 41) or any keratin-containing materials (31, 41) are not
detectable by DWI MR. The same is true of mural cholesteatoma,
where spontaneous evacuation of content is carried out (35, 42).
In our previous study (43), we demonstrated in the group of
false negatives primary 4mm cholesteatoma associated with cholesterol granuloma. The same case is described by Akkari et al
(29), who in the group of non-operated and previously operated
ears didn´t detect cholesteatoma in 1 of 2 patients. Cholesterol
granuloma typically shows a high signal intensity on T1- and
T2-weighted images and does not show a diffusion restriction on
DWI. Explanation of false negative is that cholesterol granuloma
overlaps the signal of the cholesteatoma. The same mechanism
obviously also applies to the signal for cholesteatomas associated
with hematoma (36). Another possible cause of false negative results are motion artefacts (33).
A false positive finding in this study was observed in one patient,
in whom in a second-look operation only granulation tissue and scar
in the mastoid process was confirmed. It was caused by an artefact
arising from air-bone interface. According to Plouin-Gaudon et al
(42) artefacts from dental braces may be the reason of above as well.
A positive DWI MR finding can imitate bone powder (32), used e.g.
to cover the lateral semicircular canal fistula (16), bone apositum
in the typanic cavity (35), transplanted fat used to obliteration of
mastoidectomy cavity (44), granulation tissue (41), or foreign material based on polymeric silicone compounds (Silastic) (25). False
positive findings are also described in the cases of empyema (44),
abscess (32, 36) and purulent content in the mastoid (29), in which
the increased signal intensity on non-EPI DWI is primary caused by
restricted diffusion and results less from T2 „shine-through“ effect.
In addition to the aforementioned factors, the results of examination are effected by technical parameters of devises. Elefante
et al (45) demonstrated a higher sensitivity in multishot than in
single shot echo planar (EPI) sequence using 1.5T MR devices.
The values depending on the evaluating radiologist, ranged from
96 % to 100 %, and 79 % to 96 %, respectively. In contrast, the
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specificity of both modalities were comparable (75 % vs 87 %).
The Elefante (45) results are consistent with Yamashita (46), who
showed a significantly higher sensitivity in 3D turbo field-echo
with diffusion-sensitized driven-equilibrium preparation (TFE-DSDE) than single-shot echo-planar imaging using 3.0T MR devices
(36.7 % vs 83.3 %). Low value sensitivity in single shot is caused
by susceptibility artefacts associated with false-negative findings.
The Lincot (47) study compared the sensitivity and specificity
of the single shot non-echo planar (non-EPI) sequence for 1.5T and
3.0T units. In the first case, the sensitivity was 92.9 % and 97.6
% in the second. Corresponding values of specificity were lower,
92.1 % and 78.9 %, respectively. The author explained the higher
number of false positives, especially in 3.0T MR, associated with
granulation tissue. Potential increase in specificity using additional
sequences is questionable due to ambiguous results and relative
small number of subjects used in this study.
In contradiction to CWU mastoidectomy, revision surgery
after CWD propter recidivous cholesteatoma is mainly indicated
by positive otomicroscopical finding.
Spontaneous partial or complete closure of the trepanation
cavity after CWD is a rare condition, making the otomicroscopical examination in the detection of recidivous cholesteatoma problematic or impossible. It´s debatable, whereas indicate these cases
to revision surgery, especially if patients are asymptomatic. But
there is a risk of severe complication if potential cholesteatoma
will be left undetected (48).
In the subgroup of patients after CWD mastoidectomy, we
found 88.8 % positive predictive value and 100 % negative predictive value of non-EPI DWI MR in the detecting of recidivous
cholesteatoma. An interesting finding was that 3/8 (37 %) true
positive patients were long-term symptomless.
To the best of our knowledge, there are no published studies
that investigated the detection of recidivous cholesteatoma after
CWD by the imaging method. There has been only one similar
case report in the literature published by McJunkin and Chole (49).
Recent data in literature tend to prove that DWI MR allows
more reliable detection of recidive cholesteatoma after CWU procedure, thus selection of patients requiring second-look surgery,
and our results are in agreement with literature.
Furthermore, based on this preliminary experience, we propose
to add non-EPI DWI MR as a screening method also in cases after
CWD with a complete closure of the trepanation cavity by soft tissue to rule out cholesteatoma. By doing so, severe complications
caused by the disease can be prevented.
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