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Investigation of the relationship between idiopathic intracranial
hypertension and superior semicircular canal dehiscence

Idiopatik intrakranial hipertansiyon ile superior semisirkiiler kanal dehissansi arasindaki
iligkinin arastirilmasi
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Abstract

Purpose: The etiology of superior semicircular canal dehiscence (SSCD) is not yet clear; however, several
theories implicate cumulative erosive changes. Here, using thin-section temporal bone CT images, we aimed
to investigate the relationship between the bone roof thickness overlying the SSC and idiopathic intracranial
hypertension (lIH) which may cause repetitive microtrauma.

Materials and methods: Between January 2017-December 2019, temporal bone CT scans from 18 patients
with a diagnosis of IIH, and 21 age- and sex-matched controls were analyzed retrospectively. Multiplanar
reformatted images (P6schl and Stenver) were reconstructed from the scans and the roof thickness of the SSC
bone was measured and SSCD was classified in 4 grades.

Results: A total of 78 thin-section temporal bone CT scans were evaluated. Although grade-Il dehiscence was
most frequent in both groups, grade-IV was only observed in both temporal bones of one patient in the IIH
group. Grade-lll and grade-IV dehiscence rates were significantly higher in the IIH group (p=0.006). There was
a significant difference between IIH and control groups in terms of SSC bone roof thickness (p=0.03).
Conclusion: Increased CSF pressure in patients with IIH may cause chronic, progressive, and irreversible
damage to the bone that covers the superior semicircular canal, and may play a role as a predisposing factor
for SSCD.
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Oz

Amag: Superior semisirkiler kanal dehissansinin (SSKD) etyolojisi henlz net olarak bilinmemekle birlikte
etyolojide kiimulatif erozif degisikliklerin olabilecegine dair teoriler bulunmaktadir. Bu galismada ince kesit
temporal kemik BT ile elde edilen gorintilerde SSK tizerindeki kemik ¢ati kalinliginin tekrarlayici mikrotravmalara
sebebiyet verebilecek idiopatik intrakranial hipertansiyon ile iligkisinin arastiriimasi amaglanmistir.

Gereg ve yéntem: Ocak 2017-Aralik 2019 tarihleri arasinda idiopatik intrakranial hipertansiyon (iiH) tanisi ile
takip edilen, ince kesit temporal kemik BT‘si bulunan 18 hasta ve yas-cinsiyet acisindan eslestirilmis 21 saglikh
gonilli retrospektif galismamiza dahil edildi. Gorintiler Gzerinden multiplanar reformat rekonstriiksiyon imajlar
(Pdschl ve Stenver) elde edildi ve SSK lizerindeki kemik ¢ati kalinhgi élgilerek SSKD 4 ayri gruba siniflandirildi.
Bulgular: Toplam 78 ince kesit temporal kemik BT degerlendirildi. Her iki grupta en sik grade 2 dehissans
gbzlenirken; grade 4 sadece IiH hasta grubunda bir hastanin her iki temporal kemiginde izlendi. Grade 3 ve
4 dehissans orani kontrol grubuyla karsilastirildiginda IiH hasta grubunda anlamli olarak yiiksek saptandi
(p=0,006). iiH ve kontrol grubu arasinda SSK kemik gati kalinhigi agisindan anlamli fark gérildii (p=0,03).
Sonug: IiH hastalarinda artmis beyin omurilik sivi basinci superior semisirkiiler kanal kemik catisinda kronik,
ilerleyici ve geri doniusumsuz hasara neden olabilir ve SSKD i¢in predispozan bir faktor olarak rol oynayabilir.

Anahtar kelimeler: Superior semisirkiler kanal dehissansi, temporal kemik BT, idiopatik intrakranial
hipertansiyon.
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Introduction

Superior semicircular canal dehiscence
(SSCD) is a rare temporal bone pathology,
characterized by the formation of a “third
window” between the canal and the middle
cranial fossa as a result of a defect in the bony
roof overlying the superior semicircular canal
(SSC). SSCD syndrome was first reported in
1998 by Minor et al. [1, 2]. It includes various
audiovestibular symptoms such as vertigo,
tinnitus, hearing loss, Tullio phenomenon
(vertigo and nystagmus occurring with
loud sounds), oscillopsia, autophonia, and
hyperacusis that occur secondary to sound-
pressure changes as a result of the bone roof
defect [3-5]. Although its etiology is not clearly
known, there are theories suggesting that it
occurs as a result of congenital, developmental,
and genetic causes and cumulative erosive
changes due to repetitive microtraumas such
as increased cerebrospinal fluid (CSF) pressure
[3-6]. It has been suggested that SSCD may
occur due to the erosion of the bone overlying
the superior semicircular canal in patients with
idiopathic intracranial hypertension (lIH) who
have chronically high CSF pressures [4-6].

The aim of this study is to investigate the
relationship between bone roof thickness
overlying the superior semicircular canal and
IIH using the images obtained with thin-section
temporal bone computed tomography (CT)
scanning.

Materials and methods

There were 23 patients followed up at
the Neurology Clinic of our hospital with the
diagnosis of IIH (with CSF opening pressure
225 cm H,O in males, 220 cm H,O in females)
between January 2017-December 2019. Among
these, 18 had a total of 36 thin-section temporal
bone CT scans taken due to audiovestibular
symptoms registered at the system and were
included in the study. We also included a control
group, comprising 42 temporal bone CT scans,
from the same time period, of 21 age- and sex-
matched patients complaining from different
audiovestibular symptoms with no associated
clinical findings or suspicion for |IH. Patients
under the age of 18, patients with intracranial
hypertension due to secondary causes, patients
detected with high intracranial pressure due
to lumbar puncture, and patients who were
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diagnosed with IIH but do not have temporal
bone CT scanning images recorded in our
system were excluded from the study.

The scans were evaluated by two radiologists,
one with ten years of head and neck radiology
and neuroradiology and the other with four years
of general radiology experience. The evaluation
of the roof thickness of the bone overlying the
SSC and SSCD was made with consensus
without prior knowledge on the clinical features
of the patients.

In our study, high-resolution CT images
obtained using Philips Ingenuity 128-slice
CT scanning device with routine parameters
(section thickness of 0.8 mm, tube voltage
of 120 kV, tube current of 280 mAs) were
retrospectively analyzed. Multiplanar
reformatted reconstruction images (Pdschl and
Stenver) were obtained from axial scans (Figure
1). The roof thickness of the bone overlying the
superior semicircular canal was measured from
the thinnest point of the bone roof in the Pdschl
plane, which allows the SSC to be seen as a
complete ring and was graded according to
the grading system defined by N. Klopp Dutote
et al. [7]. According to this grading system,
patients with bone roof thickness above 2.5
mm were defined as grade-l, while patients with
roof thickness less than 2.5 mm were defined
as grade-ll. Grades -lll and -1V were defined as
pre-dehiscence and dehiscence, respectively,
according to the presence of dehiscence in the
semicircular canal in contact (Figure 2).

Statistical analyses were performed using
the SPSS (Statistical Package for the Social
Sciences) 22.0 statistical package software.
The relationship between categorical data
was evaluated using the chi-square test. The
compliance of the data to normal distribution
was determined using Kolmogorov Smirnov test.
Student t test was used for normally distributed
data for the comparison of the averages of
two independent groups, while Mann-Whitney
U test was used for comparison of data not
following normal distribution. For evaluating the
relationships between continuous data, Pearson
correlation test was used for data following
normal distribution, while Spearman correlation
test was used for data that do not conform to
normal distribution. Statistical significance level
was accepted as p<0.05.
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Figure 1. Reconstructions from the axial temporal bone CT (A), where superior semicircular canal
appearing in forms of ascending limb, apex and descending limb as one complete ring in Pdschl’s
plane. Bone roof overlying the superior semicircular canal is intact. (B), Superior semicircular canal
seen in Stenver’s plane (C)
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Figure 2. Measurement of bone roof thickness overlying the superior semicircular canal in Péschl’s
plane and grading in terms of dehisssence. Grade | (A), Grade Il (B), Grade Il (C), Grade IV (D)
SSCD
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Ethical approval was obtained for this
retrospective study by University of Health
Sciences, lIstanbul, Turkey, Prof. Dr. Cemil
Tascioglu City Hospital, Local Ethics Committee.

Results

In our study, 78 thin-section temporal bone
CT images from 18 patients in the IIH patient
group and 21 patients in the control group (a
total of 39 patients) were evaluated. The female/
male ratio was similar across the two groups:
15 female patients (83.3%) in the IIH group and
16 female patients (76.2%) in the control group.
The two groups were also similar in terms of age
distribution with a meanz standard deviation of

40.5+£12.27 and 39.3+10.67 years in the IIH and
control groups, respectively.

Table 1 shows the distribution of patients
in the IIH and control groups according to the
grading system. Although grade-Il was observed
most frequently in both groups; grade-IV was
only observed in both temporal bones of one
patient in the IIH patient group.

SSC bone roof thickness was 2.55+0.05 mm
in grade-l and 1.21+£0.38 mm in grade-Il in the
[IH patient group. In the control group, SSC bone
roof thickness was 2.55+0.04 mm in grade-| and
1.17£0.49 mm in grade-Il. Compared with the
control group, the number of grade-lll and -IV

Table 1. Number (Frequency) of radiological SSCD grades in IIH and control groups

SSCD Grade IIH Control Total
Grade-| 3(8.3%) 6 (14.3%) 9 (11.5%)
Grade-ll 20 (55.6%) 31 (73.8%) 51 (65.4%)
Grade-llI 11 (30.5%) 5 (11.9%) 16 (20.5%)
Grade-IV 2 (5.6%) 0 (0%) 2 (2.6%)
Total 36 42 78
patients were found to be significantly higher Discussion

in the IIH patient group (p=0.006). In addition,
all grades considered, there was a significant
difference between SSC bone roof thickness
of IIH and control groups (p=0.03) (Figure 3).
According to the examination performed in both
groups, it was found that the bone roof defect
was at the base of the middle cranial fossa in
14 (18%) temporal bones, while the defect was
observed to be at the level of superior petrous
sinus groove in four four (5%) temporal bones.

The average (+ standard deviation) of
body-mass index (BMI) was 29.9 (+5.9) in the
IIH patient group, while the mean (z standard
deviation) CSF opening pressure was 26.8
(#5.5) cm H,O. There was no significant
difference in body-mass indices and CSF
opening pressure measurements between
grade I-Il (non-dehiscence) and grade IlI-IV
(respectively, pre-dehiscence and dehiscence)
groups in this patient group (p=0.08 and p=0.05,
respectively). Considering all IIH patients, it was
observed that as the CSF opening pressure
increases, the bone roof thickness decreases;
however, no significant correlation was found
between these two (p=0.14).
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The underlying mechanism of SSCD
development is highly controversial. Both
congenital and acquired causes were implicated
in etiological studies [8-10]. It is also suggested
that the cumulative microtrauma created by
IIH on the semicircular canal may play a role
in etiopathogenesis. However, there is limited
information on this subject in the literature.

In our study, a significant difference was
found between the patients diagnosed with IIH
and the control group in terms of SSC bone
roof thickness (p<0.05). Besides, the number of
grade-lll (pre-dehiscence) and -IV (dehiscence)
patients was significantly higher among patients
with [IH (p<0.05). Schutt et al. [11] reported
that SSCD is more common in patients with
obesity and obstructive sleep apnea, which are
known to be associated with IIH. Although the
patients included in the study by Schutt et al.
[11] did not have a definite diagnosis of IIH, the
demonstration of this relationship in the patient
profile of IIH supports the findings obtained in
our study. In addition, the same study reported
that SSCD was bilateral in 12 out of 31 cases
(38.7%) and it was suggested that an effect that
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Figure 3. Comparison of bone roof thickness overlying the SSC in IIH and Control groups

would create erosion in both temporal bones,
such as an increase in intracranial pressure,
could play a role in the etiopathogenesis. In
the study by Kuo et al. [12], 121 patients who
had undergone a lumbar puncture procedure
were evaluated and IIH was found in 24 cases.
The remaining 97 patients constituted the
control group and the relationship between
SSCD and IIH was investigated in this cohort
of 121 cases. The study reported no significant
correlation between SSCD and IIH. However,
in this study, only the presence/absence of
SSCD was evaluated without any grading;
therefore, the patients with pre-dehiscence
were not included in the analysis. In addition,
the control group was selected among patients
with lumbar puncture indication, which did not
reflect the healthy population. In our study,
the control group consisted of patients who
did not have any cranial pathology other than
audiovestibular symptoms and they were not
clinically considered to have IIH as a result of
neuroophthalmic examination.

El Hadi et al. [13] detected concomitant
semicircular canal dehiscence in 13 patients out
of 23 cases (56%) scheduled for surgical repair
due to spontaneous tegmen defect. Moreover,
in 12 of these 13 cases (92.3%), SSC was
found to be protruding into the middle cranial
fossa, and the authors stated that as a result
of this protrusion, the bony roof may be more
exposed to the changes in intracranial pressure
which may cause a predisposition to dehiscence
and tegmen defect. Another study found the

rate of accompanying tegmental defect to be
significantly higher in cases with SSCD than
in cases without SSCD [11]. These studies
indicate that increased pulsatile CSF pressure
may play a role as a common etiopathogenesis
mechanism between the SSC bone roof and
tegmental defect development. In our study,
although CSF opening pressure increased as
SSC bone thickness decreased in the |IH patient
group, there was no significant correlation
between the two conditions (p=0.18). The
reason may be due to our inability to compare
this relationship between IIH and control patient
groups due to the lack of CSF opening pressure
measurements in the control group.

It is known that high BMI is an important
parameter among the predisposing factors
of IIH. In our study, no significant difference
was found in terms of BMI and CSF opening
pressure measurements between grade
I-Il (non-dehiscence) and grade llI-IV (pre-
dehiscence and dehiscence, respectively)
groups diagnosed with IIH (p=0.08 and p=0.05,
respectively). Previous studies have shown
a relief in 1IH symptoms as a result of weight
loss [14]. However, even though BMI reduction
in patients diagnosed with IIH provides relief
of symptoms, the changes in SSC bone roof
thickness occur irreversibly. Therefore, SSC
does not necessarily change in response to
changes in weight, implying a lack of relationship
between SSC bone roof thickness and BMI
measured at any point in time.
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Our study has three maijor limitations. Firstly,
we were not able to include the CSF opening
pressure measurements for the control group in
our analysis as it was not possible to perform
lumbar puncture due to ethical considerations.
Secondly, the data set did not include the BMI
values for the control group, that only allowed us
to retrospectively analyze bony roof thickness of
SCC and SSCD grading. Last but not least, a
larger sample with sufficiently many subjects in
each SSCD grade would be recommended in
future studies.

Increased CSF pressure in patients with
IIH may cause chronic, progressive, and
irreversible damage to the bone overlying the
superior semicircular canal, and may play a role
as a predisposing factor for SSCD.

Conflict of interest: No conflict of interest was
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