Imaging of Otosclerosis: Radio-surgical Correlation
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ABSTRACT

Background: Otosclerosis is a primary dystrophy affecting the otic capsule bone. Computed Tomography (CT) has
crucial role in its management.

Aim: To assess the diagnostic value of CT scan by comparing its results to operatingdata, to define the imaging use in the
preoperative anatomicassessmentand to assess the prognostic input of CTscan.

Patients and Methods: A retrospective study from January 2012 to December 2019 at the Ear Nose and Throat (ENT)
department of Farhat Hached Hospital in Sousse, Tunisia. It included patients explored by CT scan for otosclerosis. We
sought to verify CT scan findings during middle ear exploration and concordance or disaccordance between both was
recorded.

Results: A total of 50 patients were included and 56 earswere operated.Mean age of the patients was 38 years (15-64
years). A female predominance was noted with 39 women (78%) and 11 men (22%). Hearing loss was the dominant
symptom. The sensitivity of CT scan for the diagnosis was 87.5%. CT scan had a statistically significant value in the
diagnosis of thickening footplate with a sensitivity of 63% and a specificity of 88% (p = 0.001). The extent of otosclerosis
represented a poor prognostic factor with a statistically significant value (p=0.030).

Conclusion: CT scan not only confirms the diagnosis of otosclerosis and eliminates differential diagnoses, but also
establish a precise anatomical review and assess the prognosis in cases of planned surgery.
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INTRODUCTION

Otosclerosis is a temporal bone disease with focal
remodeling and immobilization of the stapes within
the oval window. Its symptoms include progressive,
usually bilateral, asymmetric hearing loss and persistent
tinnitus". Otosclerosis is clinically evoked when patient
suffered from conductive hearing loss (CHL) with a
normal tympanic membrane and no previous significant
middle-ear disease®?l. Although a family history of
otosclerosis, negative Rinne, and absent reflexes
and conductive or mixed hearing loss (MHL) often
with a Carhart’s notch at 2000 Hz found on an
audiogramstrengthens clinical suspicion of otosclerosist®.
The diagnosis of otosclerosis can only be established by
surgery!. Fine-cut Computed Tomography(CT) images
have been proven to demonstrate otosclerotic foci around
the oval and round windows, as well as the otic capsule. So
far, the clinical role of CT scanning in otosclerosis remains
controversial. High-Resolution Computed Tomography
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(HRCT) scanning may be helpful in differentiating these
middle ear disordersand confirming the diagnosis of
otosclerosis before operative treatment, thereby helping
in surgical planning and patient counseling®’l. The aim
of our study was toassess the diagnostic value of CT scan
by comparing its results to operatingdata, to define the
imaging use in the preoperative anatomicassessment and
to assess the prognostic input of CTscan.

PATIENTS AND METHODS:

It was a retrospective study, performedfrom January
2012 to December 2019 at the Ear, Nose and Throat (ENT)
department of Farhat Hached Hospital in Sousse, including
patients diagnosed with otosclerosis and explored by CT
scan. We collected data on consecutive patients with normal
findings on otoscopic examination and long-standing
progressive unilateral or bilateral hearing loss suggestive
of otosclerosis.Inclusion criteria were patients operated for
otosclerosis with pre-operative CT scan. Negative CT scan
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(absence of otosclerotic foci) is also included in the study.
The initial workup for hearing loss included otoscopy,
audiometry, a tympanogram, and stapedial reflex testing.
All patients suspected of having otosclerosis and scheduled
for a surgical middle ear exploration were included.
Suspicion of otosclerosis was based upon CHL or MHL
with normal tympanic membrane and abnormal stapedial
reflex in at least one ear. Exclusion criteria were patients
with congenital malformations, other middle and/or inner
ear abnormalities (including tympanosclerosis, ossicular
chain fixation, superior canal dehiscence, modiolus
dysplasia, and enlarged vestibular acqueduct), a history of
chronic ear infections, previous surgery, or sudden hearing
loss of the affected ear and the postoperative failure due to
technical complications of the surgical procedure.

In our institution, HRCT scan is systematically
performed in the preoperative assessment in cases of
mixed or conductive hearing loss with normal tympanic
membrane. Axial and coronal sections were obtained with
0.6-1 mm slice thickness in all patients.

CT scan results were defind based on the site of
otosclerotic lesions, Veillon classification (Ia : isolated
thickening of the footplate hypodensity, Ib : isolated anterior
fenestral hypodensity <Imm, II : isolated anterior fenestral
hypodensity >1mm, III : anterior fenestral hypodensity
>1mm, hypodensity extends to the endosteum of cochlea,
IVa : hypodense foci in the entire middle layer of the
otic capsule: pericochlear hypodensity, internal auditory
canal hypodensity, IVb : involvement of the entire otic
capsule including the vestibule and semicircular canals),
anatomical variants with surgical risk and poor prognosis :
The extension of otosclerotic lesions, the cochlear window
and endosteal invasion.

We divided the cases of otosclerosis on CT into two
groups: Group 1: includes localized otosclerosis, i.e. types
Ia, Ib and II of Veillon and Group 2: includes extensive
otosclerosis, i.e. types III, IVa and IVb.

Positive surgical diagnosis of otosclerosis was
confirmed by the presence of macroscopic otosclerotic
foci on the oval window, with stapes fixation. In
confirmed otosclerosis cases, stapedotomy, partial or total
stapedectomy was performed using skeeter microdrill.

The preoperative air conduction (AC) and bone
conduction (BC) thresholds for the speech frequencies
of 500, 1000, 2000, and 4000 Hertz (Hz) were recorded,
and the air-bone gap (ABG) (preoperative values) was
calculated in all patients the daybefore surgery and
2 months later. Results of clinical and audiometric
monitoring: We divided the audiometric results into two
groups: Group 1: Good results: postoperative ABG <
20 dB or postoperative average hearing gain> 10 dB.
Group 2: Average or poor results: postoperative ABG> 20
dB or postoperative average hearing gain<10dB.

CT scan sensitivity and specificity were evaluated by
comparing CT scan results to the surgical findings.

Statistical analysis was performed using SPSS software
(version 22). Qualitative variables were expressed in
frequency, percentageandChi-square tests were used to
compare percentage.The p-value lesser or equal to 0.05
was considered statistically significant.

The diagnostic performance of CT and its prognostic
contribution were evaluated by calculating sensitivity,
specificity, positive predictive value (PPV), and negative
predicitve value (NPV).

RESULTS:

The studied population included 50 patients (100 ears
explored by CT scan and 56 operated ears) with clinical
diagnosis of otosclerosis.Bilatéral otosclerosis was found
for 39 cases (78 ecars). Mean age was 38 years ranged
between 15 and 64 years. A female predominance was
noted with 39 women (78%) and 11 men (22%) with sex
ratio of 0,28.

Mean duration of disease was 5.5 yearsranged from
one year to 15 years. Family history of otosclerosis was
foundin 10 patients (20%).

Hearing loss was the dominant symptomfound in all
patients. It was associated with tinnitus in 39 cases (78%).
The otoscopy was normal in all patients.

A preoperative audiogram was performed in all patients.
For the 56 ears explored surgically, there was CHL in 73%
of cases and mixed hearing loss (MHL) in 27% of cases.
The threshold for deafness varied between 40 and 90 dB
with an average of 65 dB.

The preoperative air-bone gap (ABG) of the 56 operated
ears was 43 dB.

The tympanogram was central and normal in amplitude
in all 78 cases and decreased in amplitude in 22 cases. The
stapedial reflex was absent in all cases.

The CT scan was performed for all patients. Bilateral
otosclerosis was identified in 39 cases (78 ears) and it was
normal in 22 ears.

The Veillon classification was used to classify
otosclerosis lesions. The most common type was type II
(46,4%).

For the 56 ears that were operated, hypodensity in the
ante-fenestrum fissula region was found in 33 cases (59%)
(Figure 1, 2, 3).
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The main characteristics of otosclerotic according to
Veillon Classification are described in (Table I).

The CT scan revealed 12 cases of facial
nervecanalprocidence, 3 cases of narrow vestibular
window and no chain abnormalities.

Bilateral otosclerosis was found in 78 ears, but surgery
was performed for only 56 ears due to the refusal of
second operation by the other cases. The stapedotomy was
performed for 24 cases, partial stapedectomy for 20 cases
and total stapedectomy for 12 cases. The Stapes prosthesis
was inserted for all the cases.

The post-operative audiogram showed a good
audiometric result in 41 cases (73%) and an average or
poor result in 15 cases (27%).

We sought to verify CT scan findings during middle
ear exploration and concordance or disaccordance between
both was recorded. We found 44 of the 56 operated ears
presented otosclerosis lesions on preoperative CT and
12 patients presented otosclerosis thus a normal CT, so
sensitivity of the scanner in detecting otosclerosis was
78.5% and PPV was 100% in this disease.

The sensitivity and specificity of the CT scan in
detecting footplate thickening were 63% and 88%,
respectively: We found 24 cases of thick footplate on CT
and intraoperatively, 16 cases of normal footplate on CT
scan but normal intraoperatively and 14 cases of normal
footplate on CT scan but thick intraoperatively (Table II).
The PPV and NPV were 92% and 53% respectively.

After statistical study, a significant difference was
found between the radiological and surgical diagnosis of
footplate thickening with p <0.01.

A study of the environment of the otosclerotic foci
was carried out, investigating the displacement of the
facial nerve, the narrowness of the vestibular window and
abnormalities of the ossicular chain.

Among the eight facial nerve canal procidences
discovered intraoperatively, four were noted in the
radiological reports, so the sensitivity of CT scan in
detecting facial nerve canal procidence was 33%. CT
therefore identified 8§ false negatives and 36 true negatives
(Table III), a specificity of 81% with a PPV of 33% and a
NPV of 81% in detecting facial nerve canal procidence.

There was no significant relationship between surgery
and radiological reports (p = 0.265).

The sensitivity of CT in detecting narrow vestibular
window was therefore 100%: 53 large intraoperative
vestibular windows were all identified as such on CT
scans and 3 vestibular windows were narrow on CT and
intraoperatively. CT therefore has a statistically significant
diagnostic value for the diagnosis of a narrow vestibular
window with p <0.001.

No anomalies of the ossicular chain were reported
on the CT reports or intraoperatively.The sensitivity and
specificity of the CT scan were 100%.

In this study, we tried to assess the contribution of
preoperative CT in predicting postoperative outcome based
on audiometric assessment (ABG).

There were 47 cases of localized otosclerosis on CT
and 9 cases of extensive otosclerosis.

A good audiometric result was observed in 41 cases
(73%) and an average or poor result in 15 cases (27%).
The results are shown in (Table IV).

Localized otosclerosis presented 80.8% of good
postoperative responses, while extensive otosclerosis
presented only 33%.

There were a significant positive relationship between
lesion type and postoperative outcome (p = 0.03).

Table I: Distribution of tomodensitometric lesions according to the Veillon classification

Type Number of ears Percentage
Type 0 12 21.4 %
Type la 7.1 %
Type Ib 5 9.2 %
Type 11 26 46.4 %
Type III 2 35%

Type IVa 7.1 %
Type IVb 3 53%
Total 56 100%




IMAGING IN OTOSCLEROSIS

Table I1: Radiosurgical concordance of footplate thickening

Surgery
. Total
Thick footplate Normal footplate
CT Scan Thick footplate True Positive 24 (92.3%) False Positive 2 (7.3%) 26
Normal footplate False Negative 14 (46.7%) True Negative 16 (53.3%) 30
Total 18 56
Table I11: Facial nerve canal procidence CT Scan-surgery concordance
Surgery Total
Procident Normal
Procident True Positive 4 (33.3%) False Positive 8 (66.7%) 12
CT Scan Normal False Negative 8 (18.2%) True Negative 36 (81.8%) 44
Total 44 56
Table IV: Postoperative audiometric results according to the extent of otosclerotic sites on CT
Postoperative audiometric result Total
Good Average or poor
Site on CT Localized 38 9 47
Extensive 3 6 9
Total 41 15 56

Fig. 1: Axial section showing ananteriorfenestralhypodensity
with a diameter greater than one millimeter and not reaching the
cochlea corresponding to type II otosclerosis.

Fig. 2: Axial section showing ananteriorfenestral hypodensity of
1.2 mm keeping with the cochlear cleft corresponding to type I11
otosclerosis

Fig. 3: Axial section showing prestapedial hypodensity,
associated with posterior labyrinthine hypodensity (Arrow)
related to type IVD otosclerosis.

DISCUSSION

Similarly to the epidemiological data reported in
the literature®’!, we found predominance of female
patients in our study. In our study, we had 39 women
(78%) and 11 men (22%), with a male: female ratio
of 0.28. Mean age of patients was 38 years and the
average duration of the disease was 5.5 years.

The incidence of otosclerosis patients with family
history of otosclerosis ranged from 49 to 58%,
according to epidemiological clinical studies reported
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in the literature!®!. In our study, the presence of positive
family history for otosclerosis was detected in 20% of
the cases. It is difficult to estimate the real incidence
of family history of otosclerosis, especially because
it has variable expression and penetration and it is
asymptomatic in most cases!*..

Hearing loss is the most frequent revealing
symptom!®. It is an acquired deafness which is
progressively progressing.It’s often bilateral and
symmetrical®. However, it can be unilateral at the
onset and become secondarily bilateral. According to
Gros, 60 to 70% of the attacks are bilateral®. In our
serie, they were 76%, thus agreeing with the data in
the literature.

Tinnitus is frequently associated and may be the
first sign of the disease. In our series 78% of the
patients complained of tinnitus and hypoacusis.

The audiogram shows in general CHL or MHL!L.
In our serie, we found 73% CHL and 23% MHL.

Histopathologically, otosclerosis is characterized
by two types of lesions.An early active phase,
Otospongiotic lesions are spongy hypervascular
regions of bony demineralization and inactive
phase, where lesions attack dense sclerotic bone.
These two phases have differing radiographic results
with the otospongiotic demineralized foci showing
hyperlucencycontrasted with the less radiographically-
apparent inactive dense foci that may be considered as
normalotic capsule bonel!!,

After the advent of HRCT, the radiological study
of otosclerosis became more accurate, and we could
detect abnormalities in the region of the oval window
or close to it in 80 to 90% of the confirmed surgical
casest!213],

In the literature, sensitivity of CT scan in the
diagnosis of otosclerosis ranges from 34 to 90%,
but in most recent studies, positivity of CT scan was
demonstrated in about 90% of the fenestral cases!'* 151,
The presence of infra-millimeter lesions and/or inactive
otosclerotic foci (sclerotic) in the otic capsule is the
main cause of negative CT scan. For Mafee et al.l's],
CT may be normal in case of superficial and isolated
otosclerosis lesions of the antefenestramfissula causing
simple fibrous fixation of the footplate.

In our study, the sensitivity was 89%. The
specificity could not be calculated since all of our
patients were selected after operative confirmation
of otosclerosis. There are two essential radiological
signs: the footplate thickening >0,6mm and the
presence of perilabyrinthine hypodensities*!?. In our

series, preoperative CT had a good diagnostic value
for footplate thickening with sensitivity and specificity
of 76% and 92%, respectively. These figures are
comparable to data in the literature®*1.

There are four sites of predilection which are
the fissulaantefenestrum, cochlear window, the
pericochlear capsule and the anterior wall of the
internal auditory meatus. In the serie of Lagleyrel®,
the antefenestramfissula was the main CT location.
It represented 74.6 and 95,9% of the locations
respectively for Shin et al.l">! and for Schuknecht and
Barber!'!l. In our series, it was observed in 33cases
(59% of cases).

The region of the round window can also be a target
for otosclerotic lesions and according to histology
findings described in the literature, this is the second
most affected area, whose incidence ranges from 20 to
50%L7-11,

The main surgical techniques used are as
follows!* Stapedotomy, calibrated stapedotomy with
transplatinary piston adapted to the diameter of the
orifice and partial or total stapedectomy with piston.

In our study, stapedotomy with a micro burr
constituted the majority of footplate procedures
performed by the surgeon (24 cases), partial
stapedectomy waw performed for 20 cases and total
stapedectomy was performed for 12 cases.

CT can also guide the surgical procedure
throughafording a precise anatomical assessment.
Indeed, the various problems that may be encountered
by the surgeon are as follows:Anomalies of the facial
canal (procidence or dehiscence), narrowness of the
vestibular window, otosclerosis obliterans, anomalies
of the ossicular chain, the persistent stapedial artery
and the ear geyser*!'>!71,

The study of the fallopian canal is facilitated by the
possibility of a multi-planar study.

For Ukkola-Pons!'®), CT can correctly show the
relationship between the facial nerve and the vestibular
window. However, the reliability of CT in detecting
facial canal procidence at the vestibular window has
never been seriously assessed, which would require a
prospective approach.

In our study, CT identified 12 cases of facial nerve
canal prolapse out of the 8 found intraoperatively, ie
a sensitivity of 33% according to the Ukkola-Pons
method!"®). A dehiscence of the tympanic portion of the
facial canal was not found either intraoperatively or
on CT.
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The narrowness of the vestibular window is the most
frequently encountered intraoperative abnormality!'”).
In a retrospective study made on 293 ears operated
on for otosclerosis, carried out from January 1990
to December 1996, Ayachefound, intraoperatively,
36 cases of narrow vestibular window, ie 12.3%!7.
In the study by Ukkola-Pons ef al. eight patients
(14%) out of 56 had a narrow vestibular window
intraoperatively!"®. The mean window measurement
was 1.1 mm for the group with a narrow window and
1.8 mm for the patients with a wide window. Thus, the
threshold between narrow and wide vestibular window
was calculated at 1.4 mm.

By applying this method, we identified in our
serie three narrow vestibular windows, which were
confirmed intraoperatively. The sensitivity of CT in
detecting a narrow vestibular window was therefore
100%.

The prognosis depends essentially on three factors
which are the extension of the otosclerotic foci,
involvement of the cochlear window and cochlear
endosteal effraction!!”],

In our study,we observed that patients operated on
for localized otosclerosis had better results than those
operated on for extensive otosclerosis.

In fact, Beignert'”, in a study published in 2012
including 88 cases, concluded that a large focus (type
IIT and more according to the Veillon classification) led
to bone conduction thresholds less than those obtained
with an isolated focus or with normal CT. He also
concluded that with normal CT, postoperative hearing
gain is significantly less than with positive CT.

Marx®? also showed, in a serie of 200 patients,
that the group with extensive involvement has a
low threshold of bone and air conduction pre and
postoperatively and therefore a reduced chance of
improving the threshold of bone conduction compared
to the group of patients with localized radiological
otosclerosis (Veillon type I and II).

Mansour?!! showed that patients with type I and
type II generally had an improvement in postoperative
audiometry. In contrast, the group of patients with
types III and IV affected had worsening of bone and
air conduction and widening of the Rinne.

In our series, we found that patients with type III
and IV had less improvement in bone conduction and
audiometric Rinne compared to those with a type I or
II involvement of Veillon.

Involvement of both windows is, in general, of a less
favorable prognosis than an isolated localization at the
level of the stapes and its immediate environment!'7..
It is therefore important to inform the patient, before
any surgical procedure, of the relative effectiveness
of an operative treatment in the event of double
involvement of the windows.

Shinl"™! in a study made from 437 scans carried
out on otosclerotic patients, detected 14 cases of
obliteration of the round window, with a statistically
significant decrease in air and bone thresholds
preoperative, postoperative and gain in conduction
bone compared to the group made up of all patients
who do not have an obliteration of the cochlear
window.

Cochlear endosteal involvement is not assessed by
the Veillon classification. This factor represents 26.4%
of pericochlear foci and 3.2% of the population studied
according to Shin!'sl. Labyrinthine involvement by
invasion of otosclerotic foci in the cochlear endosteum
has a poor prognosis. In fact, this phenomenon causes
the release of enzymes in the labyrinthine fluid
responsible for inflammation and degeneration of
intracochlear structures which can lead to cophosis or
deep sensorineural hearing losst?*2!1.

A relationship between endosteal damage and
impaired bone conduction has been researched by
several authors. Kiyomizu®?! found a correlation
between the degree of endosteal involvement and
loss of bone conduction. According to Young!"!, there
is a statistically significant correlation between the
extent of impaired bone conduction and the endosteal
extension of pericochlear foci.

Lagleyerel™ found that the group with endosteal
invasion had low pre- and postoperative bone
conduction thresholds in comparison to the group
without endostate invasion on CT. In our serie,the
endosteal invasion was not studied.

CONCLUSION

CT scan was important in the diagnosis of
otosclerosis, presenting high level of positive responses.
CT scan findings were often statistically significant.
Thefissulaantefenestramwas the predominant focus and
it can be considered a highly suggestive CT scan finding
of otosclerosis.CT scan proved to be extremely useful in
preoperative assessment of patients with otosclerosis.
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