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Abstract inflammation rather than a local inflammatory
Aim: Hypotheses about idiopathic sudden sensori- response.

neural hearing loss (ISSNHL) have focused on inflam-

mation and vascular etiopathogenesis. We evaluated Keywords: Choroidal thickness; inflammation; ocular

the relationship between ISSNHL and choroidal thick- physiology; sensorineural hearing loss

ness (CT), ocular pulse amplitude (OPA), and intraocu-

lar pressure (IOP) to reveal the generality of inflamma- Oz

tion and vascular pathology. Amacg: Ani idiyopatik sensoérindral isitme kaybi

(AISNIK) ile ilgili hipotezler, inflamasyon ve vaskuler
Material and Methods: This study was conducted on etiyopatogenez Uzerine odaklanmistir. Biz bu calis-
34 ISSNHL patients who were admitted within five mada AISNIK ile koroid kalinlig (KK), okiler puls
days and were considered idiopathic with no etiologi- amplitidy (OPA) ve goz ici basinci (GIB) arasindaki
cal cause and 34 healthy controls. The ISSNHL group iliskiyi  degerlendirerek, inflamasyon ve vaskuller
and the control group were assessed in terms of CT, patolojilerin  hastalktaki rolunt ortaya koymayi
OPA and IOP and ISSNHL groups on both affected amacladik.
(ipsilateral) and non-affected (contralateral) sides.
Mild-moderate  hearing loss group (n=20) and Gereg ve Yontemler: Aniisitme kaybi sikayetiyle bes
severe-profound hearing loss group (n=14) were also gun icinde basvuran ve etiyolojik bir neden bulunma-

investigated and ocular parameters were compared. yarak idiyopatik kabul edilen 34 AISNIK hastasi ve 34
saglkli gondllt calismaya dahil edildi. AISNIK grubu
Results: Choroidal thickness values were increased ile kontrol grubu ve kendi icinde AISNIK grubunun

statistically significantly in the ISSHNL group (p=0.03),  etkilenen (ipsilateral) ve etkilenmeyen (kontralateral)
but there was no significant difference between  taraflan KK, OPA ve GIB acgisindan karsilastirld.
groups in terms of OPA and IOP. When the ipsilateral  Ayrica hafif-orta isitme kayipli grup (n=20) ve ileri-cok
and contralateral sides of ISSHNL patients were com- leri isitme kayipll gruplar (n=14) arasindaki okuler
pared, no statistical difference was found between the parametreler karsilastirid.
CT, OPA and IOP values (p>0.05). Choroid thickness
was found to be higher in severe-profound group  Bulgular: Koroid kalinligi, AISNIK grubunda istatistik-
rather than the mild-moderate group, but it was not  sel olarak anlamii diizeyde artmis bulundu (p=0,03).
statistically significant. Ancak OPA ve GIB acisindan gruplar arasinda anlamlii
bir fark gortimedi.  AISNIK hastalarinin, ayni taraf ve
Conclusion: Increase in CT values of the ISSNHL kars! taraflan kargillastinldiginda KK, OPA ve GiB
group supports the relationship between sudden  degerleri arasinda istatistiksel olarak fark bulunmadi

hearing loss and inflammatory processes. The bilateral (p>0.05). Koroid kalinhgi, ileri-cok ileri isitme kaybi
nature of the findings support that systemic izlenen grupta, hafif-orta isitme kaybi izlenen gruba
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gore, artmisti ancak istatistiksel olarak anlamii degildi.

Sonug: AISNIK grubunun KK degerlerindeki artis, ani
isitme kaybi ile inflamatuar sUrecler arasindaki iliskiyi
desteklemektedir. Bulgulann bilateral olmasi, lokal bir
inflamatuar  yanittan  cok  sistemik inflamasyonu
desteklemektedir.

Anahtar Sézcikler: Inflamasyon; koroid kalinlg;
okuler fizyoloji; sensdrindral isitme kaybl

Introduction

Sudden sensorineural hearing loss (SSNHL) is charac-
terized by a rapidly progressive hearing loss ranging
from seconds to days. Although there is no uniformly
accepted description, it is defined as a sensorineural
hearing loss of 30 dB or more in a minimum of three
successive frequencies developing within 72 h (1),
Although some studies suggested a great variety of
factors such as infectious diseases (12.8%), otological
conditions (4.7%), trauma (4.2%), hematological or
vascular causes (2.8%), and neoplastic causes (2.3%),
its etiology is still not fully identified and has been
accepted to be widely idiopathic (71.0%) (2).

Chronic inflammation can cause microvascular
damage, which increases the risk of ischemia (3).
Inflammation can cause endothelial dysfunction due to
thickening of the vascular wall, which accelerates the
development of pro-thrombotic conditions (4). Recent-
ly, hypotheses about ISSNHL have centered on chron-
ic inflammation, and in many clinical studies, an asso-
ciation between ISSNHL and inflammatory parameters
has been reported (5-8).

The eye is the only organ in which noninvasive capillary
blood flow can be monitored. The ophthalmic artery is
the only branch of the internal carotid artery outside the
cranium and provides the blood supply to the eye (9).
The choroid layer is the vascular layer of the eye and
the choroidal circulation is a high-flow system. It
accounts for 85% of the total blood flow in the eye. The
choroidal circulation is under the control of the sympa-
thetic system and is considered non-autoregulated.
This lack of autoregulation makes the choroid more
sensitive to ocular perfusion pressure (10). Intraocular
pressure (IOP) rises every systole and reduces in every
diastole. The ocular pulse amplitude (OPA) is the differ-
ence between systolic and diastolic IOP, showing the
volume of blood pumped into the choroid vessels and
indirectly indicates choroid perfusion (11). OPA
indicates the resistance of retrobulbar vessels in
healthy individuals (12). The availability of ocular blood
flow measurements has made it easier to understand
the role of ocular hemodynamic changes in the patho-
physiology of vascular diseases. In the literature, there

are many recent studies examining the association
between CT, OPA and IOP values, and systemic
diseases, and several recent studies have shown
that the choroid layer thickness is increased in
inflammatory diseases (13-16).

In our study, we investigated the association of CT,
OPA, an IOP values with ISSNHL to reveal whether
inflammatory and vascular factors are localized or
regional.

Material and Methods

Ethical approval was obtained from the local ethics
committee (Ethics no: 2020 /1-1). Fifty two patients,
who were admitted to a reference otolaryngology
clinicwith sudden hearing loss developing within 3
days were investigated in this study. After getting
their medical history and clinical examination, 10 of
the 52 patients were excluded from the study due to
the presence of ophtalmogic diseases, infectious
diseases, autoimmune diseases, metabolic diseas-
es, previous ear and eye surgery, trauma, vascular
diseases, drug and substance use. Pure tone audi-
ometry (PTA) test was performed and hearing loss
degree of the patients were graded as mild (26-40
dB), moderate (41-60 dB), severe (61-80 dB) and
profound (81 dB or greater) according to the World
Health Organization (17). Temporal magnetic reso-
nance with gadolinium was performed in all patients
who were diagnosed with sudden idiopathic sensori-
neural hearing loss, where none of the patients
showed pathological findings. Forty two patients with
no apparent etiological cause were considered
ISSNHL. Fourty of the 42 patients approved to partic-
ipate in the study were referred to the ophthalmology
clinic on the same day, before starting ISSNHL treat-
ment. ISSNHL and control group measurements
were made by experienced ophthalmologist. For IOP,
OPA and CT measurements, while OPA and IOP
values were measured using dynamic contour
tonometry (DCT), choroidal measurements were
made using the spectral-domain optical coherence
tomography in choroidal mode (system software
version 6.3, SD-OCT; RTVue XR; Optovue, Inc.,
Fremont, CA, USA).

For measuring CT, a subfoveal vertical line from the
outer side of retina pigment epithelium to the choroi-
dal-scleral junction and two extra lines at the tempo-
ral and nasal sides at 500 mm intervals were drawn.
The average of these 3 measures was accepted as
CT (Figure 1). Only the patients whose IOP and OPA
measurements were in the highest quality Q1 classifi-
cation in terms of quality values were included. So,
among 40 patients, 6 patients were excluded from
the ISSNHL study group. The healthy control group
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constituted 34 subjects without any systemic disease,
whose I0OP, OPA, and CT values were obtained in the
ophthalmology clinic.

In the ISSNHL group, ophthalmological measurements
of the affected side (ipsilateral) and those on the
non-affected (contralateral) eye were compared. Since
there was no significant difference between the ipsilat-
eral and contralateral eyes in ISSNHL and control
groups, the average CT, OPA and IOP measurements
of both groups were used. Average CT, OPA and
Intraocular pressure measurements in ISSNHL and
control  groups were compared. Additionally,
mild-moderate hearing loss group (n=20) and
severe-profound hearing loss group (n=14) were also
compared.

Statistical analysis

When investigating the normal distribution of variables,
due to the number of units Shapiro Wilk's was used.
While examining the differences between the groups,
Student t-tests were used if the variables displayed a
normal distribution. Mann Whitney U-test was utilized if
the variables did not have a normal distribution. While
examining the relationships between the groups of
nominal variables, the Chi-Square test was applied. As

Table 1. Distribution of sex and age

the significance level, 0.05 was used. There is a
significant relationship when p<0.05, and there is no
significant relationship if p>0.05.

Figure 1. Choroidal thickness measurements of an healthy
individual (A) and a patient with ISSNHL (B) measured by spectral
OCT device. A subfoveal perpendicular line from outer edge of
retina pigment epithelium to the choroid-sclera junction and two
additional lines at nasal and temporal sides at 500 mm intervals
were drawn. The mean value of these 3 measures was accepted
as the choroidal thickness.

Patient (n,%) Control (n,%) P value
Sex 0,628*
Female 16 (47,1) 18(52,9)
Male 18 (52,9) 16 (47,1)
Age, mean+SD (year) | 38,76+12,82 41374553 0.219**

SD: Standart Deviation, *Chi Square Test, **Independent T Test

Table 2. Comparison of IOP, OPA, CT among patients with ISSNHL (ipsilateraally and controlaterally)

Ipsilateral group, MeantSD | Controlateral group, Mean+SD | P value
(n:34) (n:34)
I0P 15.27+2,63 15,40+2,37 0.681*
OPA 2,39+0,94 2,21+0,595 0411*
CT 320,97+£107,57 321,884192,22 0,972%*

[OP: Intraocular Pressure, OPA: Ocular Pulse Amplitude, CT: Choroidal Thickness, ISSNHL: Idiopathic
sudden sensorineural hearing loss, SD: Standart Deviation, *Mann Whitney U Test, **Independent T Test
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Table 3. Comparison of IOP, OPA, CT results between patients with ISSNHL and controls

IPatient group, Mean+SD Control group, Mean+SD P value*
(n:34) (n:34)
10P 15.27+2,63 14,32+02,17 0.212
OPA 2,39+0,94 2,11+0,52 0,307
CT 320,97+£107,57 246,29+31,22 0,03

IOP: Intraocular Pressure, OPA: Ocular Pulse Amplitude, CT: Choroidal Thickness, ISSNHL: Idiopathic

sudden sensorineural hearing loss, SD: Standart Deviation, *Mann Whitney U Test

Results

There was no significant difference between ISSNHL
group and the control group in terms of gender and
age (Table 1). All patients had unilateral sudden senso-
rineural hearing loss and unaffected ear hearing levels
were normal.

In the ISSNHL group, I0P, OPA, and CT values were
not statistically significant between the ipsilateral sides
and contralateral sides (p>0.05) (Table 2).Therefore,
the average values of both eye measurements were
taken for other comparisons.

The choroidal thickness measurements in the ISSNHL
group were found to be significantly higher than the
control group (p=0.03). The OPA and IOP values in the
ISSNHL group were also higher than the control group,
but the difference was not statistically significant
(p>0.05) (Table 3).

Of the 34 patients, 9 had mild hearing loss, 11 had
moderate, 13 had severe and one had profound hear-
ing loss. Due to the small number of patients, the mild
and moderate hearing loss group was considered one
group (n=20) and the patients with severe and
profound hearing loss as another group (n=14). When
these two groups were compared, CT was higher in
the severe-profound group, but it was not statistically
significant  (309.90+90.93 and 341.21+115.33
(p=0.383), respectively).

Discussion

Many etiological causes have been suggested for
ISSNHL, but most of them have not been
unequivocally confirmed. Although its etiology is still
unclear, inflammation has been reported to be one of
the major accountable factors associated with ISSNHL
(18). Inflammation can occur either directly due to
infection or secondarily to vascular insufficiency (19).
There are also studies supporting vascular etiology,
which is one of the main hypotheses due to the
similarity of ISSNHL to vascular ischemic diseases
such as being unilateral and having a sudden onset in
addition to its increased prevalence in people with
underlying vascular diseases (20, 21). Perhaps
ISSNHL can be more accurately defined as a clinical

syndrome without a single identifiable cause that is
valid for all cases. Every finding related to the etiology
will improve the understanding of the disease.

The choroidal circulation has been described as
‘end-arterial” system without anastomoses (22). Like
the eye, the human inner ear is supplied with
labyrintnine end artery (23). This anatomical and
functional similarity of the choroid and inner ear and
ability to measure the capillary blood flow of the eye
with noninvasive and objective methods made us
think that the pathological eye values and the
evaluation of whether these values are significant on
the affected ear side may shed light on the etiology of
ISSNHL.

We found a statistically significant increase in choroid
thickness in both eyes of ISSNHL patients, but we
did not find any significant difference between the
CT, I0P and OPA levels of the affected side and that
of the opposite side in ISSNHL patients.
We interpreted these results as the presence of
systemic inflammation rather than a localized
inflammation in the etiology of the ISSNHL. Although
it was not statistically significant, choroidal thickness
was found to be higher in the severe-profound group
than in the mild-moderate group. The increase in
inflammation correlated with the hearing loss severity,
thus supporting the relationship between them.

To date, many studies have been conducted to
elucidate the etiology or physiopathology of ISSNHL.
Many laboratory parameters that are indicators of
inflammation have also been recently investigated in
sudden hearing loss patients. Ocal et al. showed that
the C-reactive protein (CRP)/aloumin ratios were
higher in ISSNHL patients comparing to the healthy
controls (6). Yoon et al. investigated the role of
mononuclear cells and inflammatory cytokines in
sudden sensorineural hearing loss and suggested
that tumor necrosis factor-a levels and monocyte
population may play a role in its etiology (24). Various
inflammation indicators such as white blood cell
(WBC) and WBC subtype counts, IL-6, inflammation
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CRP-to-albumin ratio, platelet-to-lymphocyte ratio and
neutrophil-to-lymphocyte ratio have also been found to
be significantly associated with ISSHL (5).

Arslan et al. reported that the prevalence of SSNHL
was increased among migraine patients and they
interpreted that vasospasm may be involved in the
etiology of both diseases (20). However, Dervisogullari
et al. examined OPA and CT in a migraine attack, they
observed that the CT decreased during attack due to
vasospasm, but there was no significant difference in
OPA (25). Several studies have also shown that the
choroid thickness decreases after caffeine intake and
local anesthetic applications (26,27). In our study, we
observed that the CT of ISSNHL patients was
increased compared to healthy controls. It suggests
that inflammation rather than vasospasm is important in
its etiology.

Choroidal thickness increases in exacerbations in
autoimmune and autoinflammatory diseases. Some-
times choroid thickness can also increase before
exacerbations through subclinical (28). Caliskan et al.
found that choroid thickness increases during the
active period in Graves' disease, and there was no
difference between patients and the control group
during the inactive period (13). Turkcu et al. found an
increase in the CT in patients with psoriasis compared
to those in the healthy control group and suggested
that this increase is due to increased TNF-a level (14).
Choroid thickness was increased in Behcet's disease
and inflammatory bowel disease patients as well
(15,16). Our results are also compatible with these
studies further supporting the association of inflamma-
tion with choroid thickening.

According to our literature research, there is no previ-
ous study on the association between choroid thick-
ness, OPA and IOP levels, and ISSNHL. Although the
relationship between choroid thickness and inflamma-
tion has been demonstrated in many studies, there
was no publication investigating the relationship
between ISSNHL and choroidal thickness, which
makes this study the first study on this subject.

Conclusion

However, it was not statistically significant, we found
that choroidal thickness was increased in the
severe-profound group compared to the mild-moder-
ate group. In studies with a larger number of patients,
the relationship between choroidal thickness and the
severity of hearing loss can be better examined. Also,
studies that compare the recovery status of patients
and the change in choroidal thickness will contribute to
the literature.
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