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Objective:  To  evaluate  the  accuracy  and  sensitivity  of  diffusion-weighted  magnetic  resonance  imaging
with  ADC  value  combined  with  MDCT  in evaluating  recurrent  cholesteatoma.
Patients:  Thirty  patients  (20  females  and  10  males),  their  age  ranged  from  10  to  40years,  had  under-
gone  a tympanomastoid  surgery  for a cholesteatoma  of  the  middle  ear  underwent  MDCT  and  MR DWI
examination  before  second-  or third-look  surgery  from  May  2015  to October  2016.
Results:  CT  showed  partial  opacification  of  the  tympanomastoid  cavity in  10  ears  and  complete  opacifi-
cation  in  21  ears.  CT  detects  10  cases  out of 20 cases  of recurrent  cholesteatoma  with  sensitivity  47.6%,
specificity  100%,  and  NPP 47.6%.  DWI  depicted  21 out  of  20 cases  proved  cholesteatoma  patients  (sensi-
tivity  100%,  specificity  90%,  PPV  95.2%  and P value  is 0.001).  All  MRI  of patients  without  cholesteatoma
were correctly  interpreted  as  showing  negative  findings  for cholesteatoma  (specificity  =  100%).  The

−3 2
ultidetector computed tomography ADC  of  cholesteatoma  group  (21  ears)  were  ranged  from  553  to 759  ×  10 mm /s  and  the  ADCs  of
non  cholesteatoma  group  (10  ears)  was  ranged  from  1495.8  to  1766.8  ×  10−3 mm2/s.  Cut  off  value  of
cholesteatoma  is ≤759  × 10−3 mm2/s.
Conclusion:  MR DWI  with  ADC  combined  with  MDCT  has  high  sensitivity,  specificity,  accuracy  in  detecting
recurrent  cholesteatoma.

©  2017  The  Authors.  Published  by  Elsevier  Ltd. This  is an  open  access  article  under  the CC  BY-NC-ND
. Introduction

Middle ear cholesteatoma is a benign cystic lesion of aggressive
ehavior which requiring prompt surgical treatment to prevent

ocal and intracranial complications [1]. Surgery is the main-
tay treatment of cholesteatoma However, the risk of residual
holesteatoma and recurrence occurs in a relatively high numbers
f patients, whatever the type of surgery used [2,3]. The detec-
ion of cholesteatoma in patients who have undergone middle ear
urgery is often difficult for the follow-up of patients operated for
holesteatoma [4]. High resolution computerized tomography (CT)
can is considered the basic method for imaging the nonoperated
iddle ear and can be complemented by magnetic resonance imag-
ng (MRI) [3–6]. However, following mastoid surgery, both imaging
odalities cannot reliably distinguish residual or recurrent dis-
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ease from postoperative changes such as granulation tissue, fluid
or fibrous tissue [6].

Diffusion-weighted (DW) sequences are highly promising in dif-
ferentiating recurrent cholesteatoma from granulation tissue DW
MRI  depends on the difference in diffusion of water molecules in
different biological tissues. Water molecules in cholesteatoma are
less mobile giving rise to a hyperintense signal. In granulation tis-
sue, water molecules are more mobile and thus appear less intense
on DW sequence [7,8].

Currently, single-shot echo-planar DWI  is the most used DWI
technique because of its short imaging time (about 2 min). On the
other hand, multi-shot non-echo-planar DWI  sequences requiring
a longer imaging time are associated with decreased susceptibility
artifacts [7,8].

The ADC map  is free from T1 or T2 effects, and provides a true
quantitative display of water diffusion at each voxel [9,10]. ADCs,
have not yet been assessed as a diagnostic criterion for the detec-

tion of recurrent middle ear cholesteatoma with no clear-cut values
exist for differentiation of recurrent cholesteatoma from granula-
tion tissue or fibrosis [11–15]. In this study, we  aim to determine

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.

dx.doi.org/10.1016/j.ejro.2017.03.001
http://www.sciencedirect.com/science/journal/23520477
http://www.elsevier.com/locate/ejro
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:nasrosman_7@yahoo.com
dx.doi.org/10.1016/j.ejro.2017.03.001
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


28 N.M.M. Osman et al. / European Journal o

Table 1
Clinical presentations of 30 patients (31 ears).

Clinical presentation No. of patients %

Chronic purulent ear discharge 25 83.4
Chronic discharge with tympanic membrane perforation 3 10
Chronic discharge with signs of increased I.C.T 1 3.3
Chronic discharge with facial paresis 1 3.3
Total 30 100

Table 2
CT findings of 30 patients with previous tympanomastoid surgery (31 ears).

CT finding No. of patient %

Type of surgery performed
Canal wall up
Canal wall down

17
14

54.8 45.2

Tissue density mass
Partial opacification
Complete opacification

10
21

32.3
67.7

Size of the tissue density
mass

10 mm 30 mm

Ossicular chain
Intact
No ossicles

6
25

19.4
80.6

Associated Bony erosion
Eroded tegmen
Eroded sigmoid sinus plate
Eroded facial nerve canal
Eroded lateral mastoid wall

1
1
1
3

3.2
3.2
3.2
9.6

The other (sound) ear
Normal 25 83.4
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The following sequences were acquired on the middle ear.
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CSOM
Cholesteatoma
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1

13.3
3.3

he diagnostic accuracy of DWI  and the difference between the
DCs of postoperative middle ear cleft cholesteatoma and those
f non-cholesteatomatous tissue on single-shot echo planar DW
mages.

. Patients and methods

The study was approved by the institutional review board and
nformed consent was obtained from all patients. We  included 30
onsecutive patients in our study, previously subjected to tympa-
omastoid surgery for the treatment of cholesteatoma with clinical
nd CT suspicion of recurrence and scheduled for second look oper-
tion, during the period from May  2015 to October 2016. Twenty
atients were females and 10 were males, with an age ranging from

 to 45 years old (mean = 27 years). One patient had bilateral mid-
le ear surgery for cholesteatoma. Canal wall-up technique was
lready done for 17 ears, while 14 ears had canal wall-down tech-
ique. The main clinical presentation of the patients was  a recurrent
urulent discharge (n = 25), perforated tympanic membrane with
nd without discharge (n = 3), chronic ear discharge with sign of

ncrease intracranial tension (n = 1), chronic discharge with facial
aresis (n = 1) (Table 1). All patients were scheduled for revision
urgery and the intraoperative findings were compared to imaging
esults.

able 3
ensitivity and specificity of MR DWI, MDCT, both, operative in diagnosing recurrent cho

Examination Recurrent cholesteatoma Se

MR DWI  21 10
MDCT 10 50
Combined DWI  and MDCT 21 10
Operative 20 10
f Radiology Open 4 (2017) 27–39

The mean interval between the first tympanomastoid surgery
and CT examination was 12–30 months; all patients were further
assessed by MRI  imaging of the petrous temporal bone on an aver-
age of 1–2 weeks after CT examination. Positive cases of recurrent
cholesteatoma were referred for second-look surgery, while −ve
cases received medical treatment. The second-look surgery was
performed within 2–3weeks after the MR  examination.

Inclusion criteria include: Patient with history of tympano-
mastoid surgery for cholesteatoma with clinical suspicion of
recurrent cholesteatoma or infection during follow-up.

Exclusion criteria include: patient with unclear operative his-
tory, active infection or mastoid abscess.

2.1. All patients are subjected

1. Full history taking including:  Age, sex, chronic ear discharge,
conductive hearing loss, headache, vomiting (signs of increased
intracranial tension) and facial palsy.

2. Through clinical examination:  All Patients are subjected to oto-
scopic examination at the ENT Department.

3. Operative history: (mastoidectomy, otoscope and otoendo-
scope)

4.1: MDCT examination using multi-detector CT scanner 16
channel (GE CT/Bright speed Elite scanner, General Electric Medical
System, USA).

CT technique: The images were obtained with 0.5 mm  collima-
tion, 0.5 mm thickness, 320 mAs, and 120kVp. The obtained data
was reconstructed in the axial plane using high resolution bone
algorithm (extended window sitting at around 4000HU and win-
dow level around 300HU) with 0.5 mm section thickness, 0.05 mm
increments, and a FOV of 100, with a matrix size of 512 × 512. At this
collimation, an isotropic voxel (which measure 0.5 mm  per side)
was obtained. The axial data were then transferred to a separate
workstation for post-processing, with a commercially available 3D
reformatting software (Baxara 3D). Sections was taken at 1 mm
increments beginning at the level of the floor of hypotympanum
and jugular fossa extending to the level of arcuate eminence using
line for localization.

4.2: MRI  examinations were performed with 1.5-T MRI  unit
(Philips, Achiva, Philips Medical Systems, Eindhoven, Netherlands)
following patients’ informed consent and exclusion of contraindi-
cations. The following sequences were acquired on the middle ear
using an 8 channel head coil and applying the Parallel SENSE imag-
ing is used to obtain better resolution, faster dynamic scans and
to reduce susceptibility artifacts. DWI  parameters includes (FOV,
230 × 230 mm;  Epi factor, 61; thickness/gap, 5/1 mm;  acquisition
matrix, 112 × 89) was  performed by using b values of 800 and
1000 s/mm2 in axial, multisection, single-shot, echo-planar imag-
ing sequence. TE was  taken as short as possible for the acquisition of
the highest signal-to-noise ratio. The ADC maps were reconstructed
with commercially available software.
1. 3D CISS (constructive interference in steady state) with a gra-
dient echo component tilt angle: 70◦, slice thickness: 0.7 mm,

lesteatoma.

nsitivity Specificity PPV NPP

0% 90.9% 95.2% 100%
% 100% 100% 52.4%
0% 90.9% 95.2% 100%
0% 100% 100% 100%
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Fig. 1. Recurrent cholesteatoma in the right middle ear of 45y old woman  who underwent CWU  middle ear surgery. (A and B) Axial and coronal CT cuts showed complete
opacification of the right middle ear cleft by tissue density lesion associated with eroded ossicular chain and bulging tympanic membrane outwards. (C) Axial T1WI, (D) Axial
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ISS  and (E) Coronal T2W conventional non contrast MRI  showed a soft tissue lesio
2WI  and CISS. (F, G) Coronal and axial diffusion-weighted fast SE image obtained w
mean 561.75 × 10−3 mm2/s). The lesion size is 1.5 cm at CT and 1 cm at DWI.

repetition time (TR): 11.5 ms,  echo time (TE): 5.75 ms,  SENSE
factor 2, FOV: 230 mm.  Acquisition time 3 min  and 50 s.

. Axial and coronal echo planar single shot turbo spin echo
diffusion-weighted imaging: 2.5 mm thick axial slices, TE: 98 ms,
TR: 2000 ms,  SENSE factor 2, diffusion factor: B 1000 s/mm2, FOV:
230 mm.  Acquisition time 2 min  and 50 s,

. Axial T1 and T2-weighted coronal spin echo (TSE). TR/TE,
5270/119 ms;  matrix, 512; section thickness, SENSE factor 2,
3 mm;  field of view, 230 mm.  Acquisition time 3 min  and 12 s.

The ADC value of the cholesteatoma was calculated on the ADC
ap  from the selected region of interest (ROI) that matched the

esion. The image section for ROI placement was selected and the
OI drawn by the reading radiologist. The image for ROI placement
as selected to avoid the edges of the lesion and partial volume

veraging, so the central aspect of the lesion was targeted. If the

esion is of small size, the mean ADC of the lesion was taken from
OIs on the two contiguous sections. Repeated ROI measurements
ere done two to three times on the image for each case, and the
edian ADC was obtained.
he right middle ear cleft of hypointense signal at T1WI and high signal intensity in
b factor of 1000 s/mm2 showed high signal intensity of the cholesteatoma. (H) ADC

2.2. Imaging evaluation

All imaging, whether CT or MRI, was  prospectively interpreted
by the same radiologist, specifically trained in petrous bone imag-
ing for about 15 years experience. On CT, recurrent cholesteatoma
was diagnosed by identifying the presence of new bone erosion not
detected in the preoperative evaluation, the presence of tissue den-
sity mass with well-defined borders and an air space between the
mass and walls of the tympanic cavity, expansion of the mastoidec-
tomy cavity and erosion of the walls including the tegmen, ossicular
chain amputation, or labyrinthine or facial nerve sheath destruction
that could not be attributed to past surgery. Images were consid-
ered negative for cholesteatoma when middle ear cavities were
either air filled or showed minimal thickening. Interpretation was
indeterminate, whenever complete opacification of the tympano-
mastoid cavity.

On MRI  sequences, the diagnosis of cholesteatoma was based on
identifying area of restricted diffusion in the form of marked hyper-

intense signal in comparison with brain tissue on the b = (800, 1000)
images of diffusion-weighted. The radiologist classified MRI  results
into two  groups (recurrent cholesteatoma or non-cholesteatomas).
Lesion dimension at maximum diameter on axial and coronal



30 N.M.M. Osman et al. / European Journal of Radiology Open 4 (2017) 27–39

Fig. 2. Recurrent cholesteatoma in the left middle ear of a 50y old woman who  underwent CWD  ear surgery. (A and B) Axial and coronal CT cuts revealed complete opacification
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f  the right middle ear cleft, absent ossicules. (C) Axial T1WI, (D) Axial CISS and (E
ypointense signal at T1WI and high signal intensity at T2WI and CISS (Red arrow).
igh  signal intensity of the cholesteatoma (yellow arrow). (G) ADC (mean 566 × 10

lanes was also recorded on MRI  and CT and compared with that
f operative finding.

The surgical findings were obtained from the surgical reports of
ne team of otology surgeons. The surgical results were classified
s recurrence of cholesteatoma or no recurrence of cholesteatoma
granulation tissue). All patients were scheduled for revision
urgery and the intraoperative findings were compared to imaging
esults. The sensitivity, specificity, positive and negative predic-

ive values of different MR  sequences used and ADCS, was  assessed
sing SSPS (version 12).
nal T2W MRI  sequences showed a soft tissue lesion in the right middle ear cleft of
ronal DWI  fast SE image obtained with a b factor of 1000 s/mm2 showed markedly
2/s), (green arrow). The lesion size is 2 cm at CT and 1 cm at DWI.

3. Results

This prospective study was conducted in 30 patients with
31ears as one patient had bilateral tympanomastoid surgery for
cholesteatoma.

3.1. Demographic and clinical data
We  evaluated 30 consecutive patients (31 ears), 20 were females
and 10 males, their age ranged from 9–45 years, mean age 27 years,
who had undergone a canal wall-down mastoidectomy or a canal
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Fig. 3. Recurrent cholesteatoma in the left middle ear of a 38 years old man  who  underwent canal wall up middle ear surgery. (A–C) Axial and Coronal CT cuts showed
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omplete opacification of the left middle ear cleft (red arrow) with absent ossicles
esion  in the left middle ear cleft of low signal at T1WI and high signal intensity at T
igh  signal intensity of the cholesteatoma (red arrow). (I) ADC (mean 575 × 10−3 m

all-up mastoidectomy for a cholesteatoma of the middle ear and
nderwent an MDCT and MR  DWI  examination before second-look
peration.

The main clinical presentation of the patients were recurrent
urulent discharge (n = 25), perforated tympanic membrane with
nd without discharge (n = 3), chronic ear discharge with sign of
ncrease intra cranial tension (n = 1), chronic discharge with facial
aresis (n = 1). Canal wall-up technique was done for 17 ears, while
4 ears had canal wall-down technique. One patient had bilateral
peration (Table 2).

.2. MDCT findings (Table 2)

CT scan showed partial opacification of the tympanomastoid
avity in 10 ears (Figs. 3 and 5) and complete opacification in
1 ears (Figs. 1, 2, 4, 6 and 8). The left ear was affected in 26
atients (Figs. 2–6 and 8) and the right was affected in 5patients
Figs. 1 and 5). CT criteria of recurrent cholesteatoma detected in
0 cases in the form of localized nondependent tissue density mass
ith new bone erosion not detected in previous CT or pre-operative
tudy (Fig. 10), while the remaining 20 cases the mastoiedctomy
avity was completely opacified. The size of cholesteatoma mass
esion ranged from 10 to 30 mm (mean17.8 ± 5.7 mm). Ossicular
hains were intact in 6 ears and not visualized (eroded or ampu-
xial T1WI, (E) Coronal T2W and axial (F) CISS MRI  sequences showed a soft tissue
nd CISS (red arrow). (G) Axial DWI  obtained with a b factor of 1000 s/mm2 showed

 The lesion size 16 mm,  9 mm.

tated) in 25 ears. The tegmen tympani was eroded in one case,
sigmoid sinus plate eroded in one case, tympanic segment of the
facial nerve canal was  eroded in one case, and lateral mastoid wall
was eroded in one case (Fig. 10). The other ear was normally aer-
ated in 25 ears and revealed chronic suppurative otitis media in 4
ears (Figs. 3, 4 and 6), bilateral cholesteatoma detected in one case
(Fig. 5). Based on CT criteria of recurrent cholesteatoma, 10 cases
were accurately diagnosed.

3.3. MRI and MR DWI  findings (Tables 3 and 4)

Based on MRI  findings the included patients were classified
into two groups, (cholesteatoma group include 20 cases) and
non cholesteatoma group (include 10 cases). All patients showed
low signal intensity on unenhanced T1WI, high signal intensity
on T2WI and 3DCISS sequences. Based on MR  DWI  sequence,
the cholesteatoma group (20 patients with 21 ears) revealed
recurrent cholesteatoma in the form of area of restricted diffu-
sion on DW images at b factor of 800, 1000 s/mm2 (Figs. 1–4, 6
and 8). Patients without recurrent cholesteatoma (10 patients),

all diffusion-weighted fast SE MR  images obtained with b of
800,1000 s/mm2 were correctly interpreted as showing no restric-
tion and were diagnosed as granulation or infection (Fig. 7).
The size of the recurrent cholesteatoma mass was ranged from
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Fig. 4. Recurrent cholesteatoma in the left middle ear of a 12y boy who underwent ICW middle ear surgery. (A and B) Axial and coronal CT cuts showed complete opacification
of  the left middle ear cleft by tissue density lesion associated with erosion of the ossicular chain. (C, D) Axial T1WI, axial CISS showed a soft tissue lesion in the left middle
ear  cleft of low signal in T1WI and high signal intensity in T2WI (red arrow). (E, F) Axial DWI  obtained with a b factor of 1000 s/mm2 showed markedly high signal intensity
of  the cholesteatoma (red arrow). (G) ADC (mean 584 × 10−3 mm2/s). The size of the lesion is 15 mm at CT and 10 mm at MRD. The right ear showed CSOM.

Table 4
Comparison between CT, MR DWI  and operative in diagnosis of recurrent cholesteatoma (21ears).

Examination MR DWI  MDCT Operative P1 P2

Recurrent cholesteatoma 21(100%) 10(47.6%) 20(100%) 0.5 0.001*
0%) 

P

1
fi
m
g
c
2

3

w
±

Total  21(100%) 21(10

1 = MR DWI  versus operative, p2 = MDCT versus operative.

0–30mmat CT, 7–15 mm at MR  DWI  and 7–14 mm at operative
nding (Table 9). There was one false-positive case measures 9 × 6-
m related to LSC that was not a recurrent cholesteatoma but bone

raft placed during the initial surgery to seal a lateral semicircular
anal fistula (Fig. 9). The positive predictive value was 95.2% (21 of
0 patients).

.4. CECs values: Tables 5–7
The ADC values of cholesteatoma group (21 ears)
ere ranged from 553 to 759 × 10−3 mm2/s), Mean
SD611.8 ± 51.8 × 10−3 mm2/s) and median 595 × 10−3 mm2/s).
20(100%)

The ADCs of non cholesteatoma group (10 ears) was ranged from
1495.8 to 1766.8 × 10−3 mm2/s, Mean 1638.3 ± 93.5 × 10−3 mm2/s
and median 1653.5 × 10−3 mm2/s. The cut off value of
cholesteatoma is ≤759 × 10−3 mm2/s (Table 8).

3.5. MR  DWI, MDCT versus operative diagnosis of recurrent
cholesteatoma
Surgery proves the diagnosis of recurrent cholesteatoma in 20
patients (20 ears). Large recurrence seen in attico-antral region
were found in 10 ears, the largest lesion reached 30 mm at CT,
14 mm at MR  DWI  and 14.4 mm operative size (Figs. 2 and 3),
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Fig. 5. Bilateral recurrent cholesteatoma of a 33y old woman  who  underwent CWU  middle ear surgery at both sides. (A and B) Axial and coronal CT cuts showed opacified
attic  on both sides by non-dependent tissue density lesion associated with absent ossicles (red arrow). (C) Axial T1WI right and (D) left ear, (E) Axial CISS and (F) Coronal
T2W  SE showed a soft tissue lesion in the middle ear cleft of both ears of low signal in T1WI and high signal intensity in T2WI and CISS (red arrow). (G) Axial DWI  fast SE
image  obtained with a b factor of 1000 s/mm2 showed markedly high signal intensity of the cholesteatoma on both sides (red arrow).(H) ADC (mean 759, 724 × 10−3 mm2/s).

Table 5
ADC values of recurrent Cholesteatoma patients (n = 21) and non cholesteatomatous
patient (n = 10).

Case Recurrent Cholesteatoma
ADC Value (×10−3 mm2/s)

non cholesteatomatous
ADC Value (×10−3 mm2/s)

1 560 1651.62
2 575 1655.45
3 595 1766.85
4 563 1717.64
5 633 1748.67
6 578 1495.88
7 584 1594.55
8 643 1519.39
9 626 1554.66
10 595 1678.55
11 553
12 759
13 634
14 641
15 724
16 574
17 602
18 641
19 603
20 582
21 583

Table 6
ADC values of recurrent cholesteatoma patients (n = 21) and non-cholesteatoma
patients (n = 10).

ADC recurrent
cholesteatoma
ADC Value
(×10−3 mm2/s)

non cholesteatoma
ADC Value
(×10−3 mm2/s)

P

Range 553–759 1495.8–1766.8 0.001*

Mean ± SD 611.8 ± 51.8 1638.3 ± 93.5
Median 595 1653.5

medium sized recurrence in 8 cases, while smaller recurrences
were seen in the middle ear cavity in 3 ears, reaching 10 mm at CT,
7 mm  at MR DWI  and 7.3 mm  at the operation (Fig. 9), Table 9. The
lesion sizes at CT was not correlated with that of the MR DWI  and
operative because CT gives apparent size of cholesteatoma includ-
ing the surrounding granulation tissue while the size at MR  DWI
and operative was more accurate excluding the surrounding gran-
ulation tissue with significant (P value = 0.001*). Granulation tissue,
fibrosis and secretions were found in the remaining 10 ears (Fig. 7),

Tables 3 and 4.

Good correlation between MR  DWI  finding and operative con-
firmation, the sensitivity was  100%, the specificity was 90%, the
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Fig. 6. Recurrent cholesteatoma in the left middle ear with CSOM at the right of a 38 years old man who  underwent CWU  middle ear surgery. (A and B) Axial and coronal
CT  cuts showed complete opacification of the right middle ear cleft by tissue density lesion associated with eroded ossicular chains (red arrow). (C) Axial T1WI, (D) Coronal
T2W  SE and (E) Axial CISS showed a soft tissue lesion in the right middle ear cleft of low signal at T1WI and high signal intensity at T2WI and CISS. (G) Axial DWI  obtained
with  a b factor of 1000 s/mm2 showed high signal intensity of the cholesteatoma (red arrow) at the left with no abnormal signal at T2WI. The size of the lesion is 18 mm at
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T  and 11 mm at DWI.

ositive predictive value 95.2% and P value is 0.001. MDCT had low
ensitivity, detect only 10 cases out of 30 cases, the sensitivity was
7.6%, specificity 100%, and negative predictive value 47.6% and P
alue is 0.5 (Table 5).

. Discussion

Diagnosis of recurrent cholesteatoma in an operated middle
ar cavity may  be difficult. High resolution CT scan and conven-
ional MRI  have low specificity when it comes to differentiating
ranulation tissue from relapsing cholesteatoma due to lack of
haracterization of the detected soft tissue in the surgical cavity
9–13] (Fig. 11).

Our study depict low specificity and accuracy of MDCT (47.6%),
his results is near the result of Adam et al. [16] who studied 41

atients underwent revision tympanomastoidectomy with sensi-
ivity 50% and specificity 43% for the recurrent well defined mass.
T could not confirm the diagnosis of recurrent cholesteatoma in
ompletely opacified tympanomastoid cavity and could not dif-
ferentiate between recurrence, residual and granulation tissue. CT
has widely been accepted for assessing the extent and location of
disease and evaluating complications of cholesteatomas. Preoper-
ative imaging is especially important for demonstrating disease in
hidden areas (such as the sinus tympani and facial recess) and
extension of disease into the epitympanum (attic) and mastoid
antrum, and for detecting normal anatomic variations (such as an
aberrant course of the facial nerve). CT is useful if no soft tissue is
seen in the middle ear (or petrous apex or mastoid depending on
original location of disease). If rounded soft tissue is present, then
findings are suggestive of recurrent disease. However, if amorphous
soft tissue or complete middle ear opacification is present, CT is
nonspecific and cannot distinguish granulation tissue or scar tissue
from recurrent disease [17].

The importance of diffusion-weighted MR  imaging in the detec-
tion of recurrent cholesteatoma has been reported in several

previous studies [14,18]. Cholesteatoma has high signal intensity
on diffusion-weighted images obtained with b factors of 800 or
1000 s/mm2, whereas granulation tissue has low signal intensity
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Fig. 7. Left CSOM without cholesteatoma in of a 21 years old man  who underwent left CWU  middle ear surgery. (A and B) Axial and coronal CT cuts showed complete
opacification of the left middle ear cleft by tissue density lesion associated with intact ossicular chain. (C) Axial T1WI, (D) Coronal T2WI, and (E) Axial CISS showed a soft
tissue  density lesion in the left middle ear cleft of low signal in T1WI and high signal intensity in T2WI and CISS (green arrows). (F) Axial DWI  obtained with a b factor of
1 ean 1
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000  s/mm2 showed no high signal intensity at the left middle ear cleft. (G) ADC (m

14]. Several interpretations to explain the high signal intensity of
holesteatoma on diffusion-weighted images have been proposed.
wo mechanisms have been discussed for this high signal inten-
ity: restricted molecular diffusion and T2 shine-through effects.
he reason for the increased signal intensity of cholesteatoma on
iffusion-weighted MR  images is still unknown but seems to be
imilar to that for the increased signal intensity of epidermoid
ysts on diffusion-weighted images [19–21]. Reduced diffusion in
holesteatoma compared with granulation tissue, fibrous tissue, or
ucoid secretion is assumed to contribute to high signal intensity

f cholesteatoma on diffusion-weighted imaging.
In the present study, diffusion-weighted MR  imaging depicted

1ears of surgically proven 20 patients with cholesteatoma. In our
eries of cases, we did not have any false negative cases but one false
ositive case in which bone graft used to seal a lateral semicircu-

ar canal fistula. This can be explained by the absence of infection
n the surgical cavity as all patients with ear drainage received
ntimicrobials both local and systemic before imaging. This can
elp eliminate the false positive results that can be met  with due to

he presence of abscess or infection within the surgical cavity. Arti-
acts from air-bone and air-tissue interfaces are one of the main
rawbacks of DW MRI. Fast SE DW sequences proved better in
.746.85 × 10−3 mm2/s).

reducing artifacts observed with echo-planner DW sequences, giv-
ing a better spatial resolution and better analysis of the lesions.
In recent literature, Aikele et al. [22] reported a sensitivity of 77%
(10/13) in detecting residual or recurrent cholesteatoma using the
combination of standard MR  imaging sequences and DWI  miss-
ing three small residual cholesteatoma pearls (<5 mm). Specificity,
positive and negative predictive values of 100%, 100% and 75% was
reported [9]. Another recent report by Stasolla et al. [23] reported
a sensitivity of 86% (6/7) detecting recurrent cholesteatoma using
echo-planar DWI. In their series only one small cholesteatoma of
2 mm  was  missed, while the size of the other cholesteatomas var-
ied from 4 to 14 mm.  Specificity, positive and negative predictive
values of 100%, 100% and 92% were reported [14]. In both studies,
included patients were clinically suspected of having residual of
recurrent cholesteatoma

Although the results of previous studies [14,16] have proved
that comparison of diffusion-weighted images obtained with a
b of 800 s/mm2 without measurement of the apparent diffu-
sion coefficient is sufficient for analysis of the diffusion-weighted

sequence [17] we try to assess the benefit of adding ADC values
in detecting recurrent cholesteatoma. The current study showed
a significant difference in ADCs between postoperative recur-
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Fig. 8. Recurrent cholesteatoma in the left middle ear of a 12y old woman who underwent CWU  middle ear surgery. (A and B) Axial and coronal CT cuts showed complete
opacification of the left middle ear cleft by tissue density lesion associated with eroded malleus head and incus body (blue arrow). (C) Axial T2WI, (D) Coronal T2W SE and (E)
Axial  CISS showed a soft tissue lesion in the left middle ear cleft of high signal intensity at T2WI and CISS. (F) Multiple coronal DWI  obtained with a b factor of 1000 s/mm2

showed high signal intensity of the cholesteatoma (blue arrow). (G) ADC = 595.6385 × 10−3 mm2/s. The size of the lesion is 15 mm at CT and 10 mm at DWI.

Table 7
ROC curve analysis of ADC values for prediction of recurrent cholesteatoma.

AUC = 1.0 ± 0.001, P = 0.001*.



N.M.M. Osman et al. / European Journal of Radiology Open 4 (2017) 27–39 37

Fig. 9. False positive case of recurrent cholesteatoma in the left middle ear of a 17y old man  who  underwent left middle ear surgery for a large cholesteatoma complicated
by  LSC fistula 3years ago. (A and B) Axial and coronal CT cuts showed complete opacification of the right middle ear cleft by large tissue density lesion associated with eroded
L WI, (D) Axial CISS showed a soft tissue lesion in the left middle ear cleft of high signal
i  signal intensity area at the middle ear cleft (red arrow) proved as bone graft sealing LSC
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Table 8
ADC cutoff value of recurrent cholesteatoma.

Cutoff Sensitivity Specificity PPV NPP
SC  and tympanic segment of the facial nerve canal (small arrow). (C) Coronal T2
ntensity. (E) Axial DWI  obtained with a b factor of 1000 s/mm2 showed small high
stula.  ADC could not measure.

ent cholesteatoma (mean 611.8 ± 51.8) and non-cholesteatoma
atients (mean 1638.3 ± 93.5), with the ADC value of cholesteatoma
ignificantly lower than that of non-cholesteatoma. At an optimum
DC cut off value of ≤759 × 10−3 mm2/s, it was  possible to detect
holesteatoma with good diagnostic performance. This method had
ood sensitivity and marginally higher specificity with the sub-
ective qualitative method when cholesteatoma demonstrated a
ignal on the DW images. Maheshwari [24] concluded the ADC of a
ase report of cholesteatoma patient as 0.58 × 10−3 mm2/s. Thiriat
t al. [25] in his study detect the concordance between the sur-
ical findings and the calculated ADC value of cholesteatoma and
uggests that ADC values could be used to allow greater specificity
o differentiate cholesteatoma from middle ear abscess or mixed-
attern lesions. Our results are matched with Ravei K et al. [26]
ho concluded that patient with cholesteatoma were found to have
uch lower ADCs (median, 707 × 10−6 mm2/s; interquartile range,

39–858 × 10−6 mm2/s; P < 0.001) compared with those that did
ot have cholesteatoma (median, 1849 × 10−6 mm2/s; interquar-
ile range, 1574–1982 × 10−6 mm2/s; P < 0.001). Our results also
oncordant with Dr.N.Kailasanathan study [27], who  stated that
ost of cholesteatomas shows ADC values higher than 0.55 how-

ver infected cholesteatoma can show low ADC value. DW MRI
as 100% sensitivity, 75% specificity, 97.3% PPV and 100% NPV in
etecting cholesteatoma [27]

The main limitation of in the sensitivity of the subjective qualita-

ive method is with small recurrent cholesteatoma less than 5 mm,
hich do not demonstrate a signal high enough to be detected

n the DW imaging images. If cholesteatoma is too small to be
ADC ≤759 100% 100% 100% 100%

detected, ADC values cannot be measured or used as a diagnos-
tic tool. However, when an abnormal soft tissue demonstrates a
DW imaging signal, our study shows that the use of ADC values can
not only detect cholesteatoma with a high sensitivity, but can also
improve the confidence levels of the qualitative method when used
together.

Although specificity was  100% and positive predictive value
95.2% in our study, diffusion-weighted imaging may  potentially
cause false positive results. High signal intensity in the area of the
petrous bone is seen not only with cholesteatomas. Susceptibility
artifacts at the air-bone border at the base of the skull, chordomas,
cholesterol granulomas, and abscesses may  also appear markedly
hyperintense on diffusion-weighted imaging. Care should be taken
to be aware of the surgical procedures used during the initial
surgery before analyzing MR  images, especially when a special
material such as bone powder has been used.

In conclusion, the advances in MRI  techniques are currently
changing the preoperative evaluation and the postoperative
follow-up protocols for cholesteatoma. DW MRI appears to be an

accurate method, as opposed to a standard second-look operation,
for the follow-up of patients who have undergone a canal wall up
procedure for a chronic otitis media with cholesteatoma.
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Fig. 10. Recurrent cholesteatoma MDCT of 25 years old man  who  underwent CWD  of the right middle ear surgery. (A) Axial and (B) Coronal CT cuts showed non-dependent
tissue  density lesion seen extended along the medial wall of the right middle ear cavity with small part of the ossicles engulfed by the lesion which extended through the
oval  window.
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Fig. 11. Flow diagram fo

. Conclusion

DW MRI  fused with CT is a helpful and effective method for dis-
inguishing cholesteatoma from other soft tissues in post-operative
ars. MR  DWI  sensitivity was 100% and negative predictive value

as 100%, which means that patients who show no signs of recur-

ent cholesteatoma on DW fast SE images may  not need second-
r third-look surgery. Fusion imaging using HRCT and DW MRI
ppears to be a promising technique for both the diagnosis and
ription the participants.

precise localization of cholesteatomas. It provides useful informa-
tion for surgical planning. The apparent diffusion coefficient (ADC)
of postoperative middle ear cholesteatoma is significantly lower
than that of noncholesteatomatous tissue.
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Table  9
Comparison between CT, MRI  and operative regarding size of recurrent
cholesteatoma.

CT 10–30 mm MRI  7–15 mm Operative size mm

1 25 mm 14  mm 13
2  18 mm 11 mm 11
3  16 mm 10 mm 10
4  10 mm 7 mm 7.3
5  10 mm 8 mm 7.5
6  30 mm 14 mm 14.4
7  15 mm 11 mm 11
8  12 mm 8  mm 8
9 13 m 10 mm 10
10  12 mm 9 mm 9.8
11  18 mm 9.9 m 9.7
12  20 mm 11 mm 11
13  10.5 mm 8 mm 8.2
14  14.5 mm 9.5 mm 9
15  17 mm 10 mm 10
16  10 mm 7 mm 7.4
17  11 mm 8.2 mm 8
18 10 mm 8.8 mm 8.5
19  11.5 mm 9 mm 9
20  12.4 mm 9.5 mm 9.6
21  11.6 8.4 mm 9
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