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ABSTRACT

Introduction: Cholesteatomas are lesions that develop in pneumatized areas of the temporal bone, such as the middle ear and
mastoid, or both, and are extremely rarely detected in the external auditory canal. Because it has benefits over CT, diffusion
weighted imaging MRI (DWI-MRI) can be a useful technique in the identification of cholesteatoma. Image distortion and artefacts
are less visible with non-echo planar imaging DWI techniques than with other DWI techniques.

Aims and Objectives: 1) To assess the usefulness of HRCT scan in Chronic suppurative otitis media (CSOM) with cholestea-
toma in depicting the status of the middle ear structures. 2) To correlate HRCT findings of temporal bone with surgical findings
in Chronic suppurative otitis media (CSOM) with cholesteatoma with respect to the following parameters: Presence or absence
of cholesteatoma, Extent of cholesteatoma, Status of ossicular chain, Integrity of the facial canal, Detection of erosions or de-
hisence in the bony labyrinth, and Detection of erosions or dehisence in the dural or sinus plates. 3) Comparison with Non Echo
planar imaging diffusion weighted for presence or absence of cholesteatoma. 4) 3D FIESTA Magnetic resonance imaging with
3D reconstruction of membranous vestibule and cochlea for better delineating associated complications.

Materials and Methods: Total 40 patients of clinically suspected CSOM with cholestaetoma were enrolled for this study. All
patients were scanned using a non-contrast High-resolution computed tomography technique and MRI. HRCT findings were
noted according to the proforma. MRI DWI was recorded as either positive or negative for cholesteatoma & directly correlated
with post-surgical presence or absence of cholesteatoma.3D FIESTA for detection of membranous labyrinthine erosion/defect
was correlated with surgical findings of bony labyrinthine erosions.

Results: Cholesteatoma was shown to be common in the third decade of life in our study. The most often implicated middle ear
structures in our investigation were the epitympanum, aditus, and antrum. The most often eroded ossicle is the stapes, followed
by the incus. The tympanic section of the facial canal is the most often affected segment, while the posterior semicircular canal
is the most commonly degraded of the bony labyrinth structures.

Conclusion: HRCT temporal bone, in combination with non-echoplanar DWI MRI and 3D Fiesta, can help with accurate diag-
nosis and pre-operative assessment of cholesteatoma.

Key Words: Non-echoplanar diffusion, 3D fiesta magnetic resonance imaging, High resolution computed tomography, Temporal
bone, Chronic suppurative otitis media, Cholesteatoma

INTRODUCTION masses that often appear as unilateral lesions.

Cholesteatomas are categorized into three types: congenital,
which affects only children, acquired, which affects both
adults and children, and unclassifiable, which is a cholestea-
toma whose origin cannot be established correctly .!

Cholesteatomas are lesions that develop in pneumatized ar-
eas of the temporal bone, such as the middle ear and mas-
toid, or both, and are extremely rarely detected in the exter-
nal auditory canal. They are non-neoplastic, locally invasive
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The extent of a cholesteatoma is still difficult to identify with
current imaging techniques because of its makeup, especial-
ly in ears that have already undergone surgery. The standard
modality has been computed tomography (CT), which al-
lows for the detection of bone alterations.

Diffusion weighted imaging MRI (DWI-MRI) can be a use-
ful technique in the identification of cholesteatoma since it
has benefits over CT, such as a shorter examination dura-
tion and no requirement for a contrast medium injection
prior to the test.” Because of its high sensitivity and speci-
ficity, DWI-MRI may detect tiny collections of keratin
debris that would otherwise be misinterpreted as fluid or
edematous mucosa on CT and is capable of detecting recur-
rent cholesteatoma.??

Three-dimensional fast imaging with steady-state acquisi-
tion (3D-FIESTA) pictures were introduced recently. 3D-
FIESTA imaging can provide significantly better spatial
resolution and excellent picture contrast. It takes less time
to acquire images than a traditional MRI scan and does not
require contrast media.*®

MATERIALS AND METHODS

This prospective study was conducted at Radio-Diagnosis
at Vinayaka Missions Kirupananda Variyar Medical Col-
lege Hospital, Salem. Total 40 Patients with cholestactoma
and clinically suspected CSOM were enrolled in this study.
Before enrolling in the trial, all patients gave their written
informed consent.

Inclusion criteria were patients with clinically suspected at-
ticoantral type of chronic suppurative otitis media of all age
groups and either sex; patients willing to give consent.

Patients with previous ear surgeries, patients with a history
of temporal bone trauma, patients with neoplastic develop-
ment involving the middle ear, and patients unwilling to give
consent were all excluded.

A complete history of ear discharge, deafness, tinnitus, ear-
ache, vertigo, headache, and fever was collected and record-
ed in a systematic order, with specific attention to any ac-
companying symptomatology suggestive of any imminent or
already established chronic otitis media complication.

All patients were scanned using a non-contrast HRCT on
GE revolution CT scanner. The axial sections were ac-
quired in a supine, neutral position, parallel to the superior
orbital-meatal line consecutively. Scanning was done ex-
tending from the petrous pyramid to the mastoid in spiral
mode. The gantry rotation time was 1 s and acquisition pa-
rameters were 6 X 1 mm with slice collimation of 1 mm,
slice thickness of 2 mm, and increment of 2 mm. Multipla-

nar reconstruction in axial, coronal, and sagittal planes was
performed at a slice thickness of 1.25 mm and an increment
of 0.8 mm.

MRI was performed on a 1.5-T (Siemens) with use of the
standard Head Matrix coil. Axial propeller DWI for all cases
and 3D Fiesta was performed in selective cases and when
required.

HRCT findings were noted according to the proforma. In-
traoperative findings of mastoid exploration surgery were
recorded and were taken as standard for determination of
sensitivity and specificity of HRCT scan for various study
variables. The data were analyzed using descriptive statis-
tic tools like proportions. MRI DWI was recorded as either
positive or negative for cholesteatoma & directly correlated
with post surgical presence or absence of cholesteatoma.3D
FIESTA for detection of membranous labyrinthin erosion/
defect was correlated with surgical findings of bony labyrin-
thin erosions.

RESULTS

In present study, 65% of the respondents are male and 35% of
the respondents are female.30% of the respondents are less
than 20 years, 25% of the respondents are in the age group
21-30, 15% of the respondents are in the age group 31-40
and 22.5% of the respondents are in the age group 41-50 and
7.5 % of the respondents are above 50. Majority of patients
had Ear discharge 36(90%), 32(80%) had earache, 22(55%)
had hearing loss, 10(25%) had facial weakness and 5(12.5%)
had Giddiness, vomiting, others. In majority of patients had
cholesteatoma on right side 27(67.5%) and 13 (32.5%) on
left side. Since the p-value for the are less than (p-values
<0.05) the null hypothesis is rejected. In our study there is
significant correlation between the extent of involvement
and erosion of Aditus, antrum, facial recess, sinus tympani,
Hypotympanum, Eustachian tube, beyond the middle ear
cleft, incus, stapes, tympanic and mastoid segment, lateral
and posterior semicircular canal of cholesteatoma in HRCT
and the surgical findings.

Cholesteatoma was shown to be common in the third decade
of life in our study. The most often implicated middle ear
structures in our investigation were the epitympanum, aditus,
and antrum. The most often eroded ossicle is the stapes, fol-
lowed by the incus. The tympanic section of the facial canal
is the most often affected segment, while the posterior semi-
circular canal is the most commonly degraded of the bony
labyrinth structures.

The results of HRCT with non-echoplanar DWI and 3D FI-
ESTA were compared to surgical findings and revealed a sta-
tistically significant correlation.
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Table 1
HR.CHOL * OT.CHOL
OT.CHOL
ABSENT PRESENT

HR.CHOL ABSENT Count 1 2 3

% within HR.CHOL 33.3% 66.7% 100.0%

% within OT.CHOL 16.7% 5.9% 7.5%

% of Total 2.5% 5.0% 7.5%

PRESENT Count 5 32 37

% within HR.CHOL 13.5% 86.5% 100.0%

% within OT.CHOL 83.3% 941% 92.5%

% of Total 12.5% 80.0% 92.5%
Total Count 6 34 40

% within HR.CHOL 15.0% 85.0% 100.0%

% within OT.CHOL 100.0% 100.0% 100.0%

% of Total 15.0% 85.0% 100.0%

Table 2
Chi-Square Tests®
Asymp. Sig. Exact Sig. Exact Sig. Point Probability
(2-sided) (2-sided) (1-sided)
Pearson Chi-Square 17.855° 1 0.01 0.01 394
Continuity Correction® .007 1 .933
Likelihood Ratio .601 1 .406 1.000 394
Fisher's Exact Test 0.01 394
Linear-by-Linear Association .834¢ 1 .361 -394 -394 341
N of Valid Cases 40
Bar Chart
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Figure 1

-
N Int J Cur Res Rev | Vol 14 « Issue 06 « March 2022



Preetha et al: Non-echoplanar diffusion weighted imaging and 3d fiesta magnetic resonance imaging sequences

Table 3
MRI.CHOL * OT.CHOL Crosstabulation
OT.CHOL
ABSENT PRESENT

MR.CHOL ABSENT Count 6 o 6
% within MR.CHOL 100.0% 0.0% 100.0%
% within OT.CHOL 100.0% 0.0% 15.0%
% of Total 15.0% 0.0% 15.0%

PRESENT Count 0 34 34

% within MR.CHOL 0.0% 100.0% 100.0%
% within OT.C HOL 0.0% 100.0% 85.0%
% of Total 0.0% 85.0% 85.0%

Total Count 6 34 40
% within MR.CHOL 15.0% 85.0% 100.0%
% within OT.CHOL 100.0% 100.0% 100.0%
% of Total 15.0% 85.0% 100.0%

Table 4
Chi-Square Tests®
Asymp. Sig. Exact Sig. Exact Sig. Point Probability
(2-sided) (2-sided) (1-sided)

Pearson Chi-Square 40.000° 1 .000 .000 .000

Continuity Correction® 32.541 1 .000

Likelihood Ratio 33.817 1 .000 .000 .000

Fisher's Exact Test .000 .000

Linear-by-Linear Association 39.000¢ 1 .000 .000 .000 .000

N of Valid Cases 40

Since the p-value for the Cholesteatoma are less than (p-
values <0.05) the null hypothesis is rejected. It infers that
there is Association between the status of Cholesteatomain
HRCT and the surgical findings.

Image 2: Diffusion weighted MRI shows marked restricted dif-
fusion of the middle ear and mastoid lesions bilaterally in a
case of bilateral cholesteatoma.

Image 1: Near total opacification of middle ear cavity, filling the
epitympanic recess, facial recess, and sinus tympani, as well
as round and oval window niches.
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Image 3: Axial HRCT showing widened aditus.

Image 4: Coronal HRCT image showing eroded tegmen tym-
pani (arrow).

DISCUSSION

The usual imaging approach for the temporal bone is a high-
resolution computed tomography (HRCT) scan. Axially and
coronally direct projections were used.

In present study 65% of the respondents are male and 35% of
the respondents are female, which is in agreement with other
case studies.®’

30% of the respondents are less than 20 years, 25% of the
respondents are in the age group 21-30, 15% of the respond-
ents are in the age group 31-40 and 22.5% of the respondents
are in the age group 41-50 and 7.5 % of the respondents are
above 50, The peak age group is variable from 20-50 years
in literature.®'°

Majority of patients had Ear discharge 36(90%), 32(80%)
had ear ache, 22(55%) had hearing loss, 10(25%) had
facial weakness and 5(12.5%) had Giddiness, vomiting,

others. In majority of patients had cholesteatoma on right
side 27(67.5%) and 13 (32.5%) on left side, which is vari-
able in literature.®®

In this study there is Association between the status of Cho-
lesteatoma in HRCT and the surgical findings. Similar find-
ings were reported in a study by Leighton et al.,"! who found
that a CT scan of the temporal bone had a high predictive
value for diagnosing cholesteatoma, and in another study by
Gaurano and Joharjy,'> who found that a pre-operative CT
scan had a 97 percent correlation with surgical and histo-
pathological findings.

The HRCT scan may also properly detect cholesteatoma in
the great majority of patients, according to N W C Chee and
T Y Tan.” In contrast, Firas Q et al discovered that HRCT
had a sensitivity of 80% and a specificity of 48% in distin-
guishing cholesteatoma from chronic mucosal illness.'* Cho-
lesteatoma was identified in 30% of instances when soft tis-
sue mass and bone degradation were present, according to
Jackler et al.'®

In our study Cholesteatoma was shown to be common in the
third decade of life in our study. The most often implicated
middle ear structures in our investigation were the epitym-
panum, aditus, and antrum. The most often eroded ossicle is
the stapes, followed by the incus. The tympanic section of
the facial canal is the most often affected segment, while the
posterior semicircular canal is the most commonly degraded
of the bony ladyrinth structures.

Knowing the state of the ossicular chain prior to surgery
would help the surgeon to properly advise the patient on the
level of hearing that could be achieved following surgery.
Patients with an intact stapes, for example, have better hear-
ing results than those who do not have the stapes.'

In our study there is significant correlation between the ex-
tent of involvement and erosion of Aditus, antrum, facial
recess, sinus tympani, Hypotympanum, Eustachian tube, be-
yond the middle ear cleft, incus, stapes, tympanic and mas-
toid segment, lateral and posterior semicircular canal of cho-
lesteatoma in HRCT and the surgical findings. However, it’s
important to keep in mind that the scan may exaggerate the
degree of the disease since it can’t always tell the difference
between cholesteatoma and granulation tissue.!”

The use of echo-planar diffusion-weighted (DWI) MR im-
ages has improved MR imaging approaches for identifying
cholesteatoma. '"!® 3D Fiesta indicates deterioration of the
membrane labyrinth, which is not seen on HRCT, which
solely evaluates the bone labyrinth and hence provides a
preoperative insight before to surgery. The surgical findings
of bony labyrinthine erosions of semicircular canals corre-
sponded well with 3D Fiesta for membranous labyrinthine
erosion/defect (100 percent sensitivity and specificity).
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CONCLUSION

HRCT temporal bone, in combination with non-echoplanar
DWI MRI and 3D Fiesta, can help with accurate diagnosis
and pre-operative assessment of cholesteatoma by show-
ing the extent of the illness, the integrity of most middle ear
structures, and disease consequences.
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