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Abstract

Introduction: Idiopathic sudden sensorineural hearing loss (ISSNHL) remains one of the ma-
jor unsolved otologic emergencies. A viral infection, a systemic inflammatory disorder, as well
as physical, mental and metabolic stress can trigger an innate immune response in the inner
ear resulting in ISSNHL. Proinflammatory cytokines play a central role in this cochlear immu-
nological cascade. Objective: To examine the expression of proinflammatory cytokines in the
serum of patients with ISSNHL in correlation with the therapeutic outcome of intravenous
administration of corticosteroids. Method: Forty-three patients primarily diagnosed with
ISSNHL underwent intravenous corticosteroid treatment for 8 days. The expression of tumor
necrosis factor-o (TNFa), interleukin-6 (IL-6), interleukin-2 (IL-2) and interleukin-8 (IL-8) was
detected with the use of enzyme-linked immunosorbent assay in serum specimens on the 1st
and 8th day of treatment and it was correlated with the treatment outcome. Results: TNFo
reduction and IL-6 increase strongly correlate with a good therapeutic result [x*(2) = 13.12,
p = 0.001 and x?(2) = 16.78, p = 0.0001]. IL-8 increase reflects negatively on the outcome,
however, not in a statistically significant way. No association was established between IL-2
variations and the therapeutic outcome. Conclusions: TNFa and IL-6 can be used as prognos-
tic factors for the treatment outcome, whereas the prognostic value of IL-8 requires further

statistical confirmation. © 2016 The Author(s)
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Introduction

Idiopathic sudden sensorineural hearing loss (ISSNHL) is defined as a 30-dB loss over
3 continuous frequencies occurring in less than 3 days [Chang et al., 2005]. It was first
described by De Kleyn in 1944 [De Kleyn, 1944]. ISSNHL represents a disease entity of
unknown etiology which is characterized by sudden onset, is unilateral in most cases and
may sometimes reach the threshold of deafness [Rudack et al., 2004]. It shows equal sex
distribution and mainly affects patients between the ages of 30 and 60 years [Yehudai et al.,
2006]. According to the literature, the yearly incidence ranges from 5 to 20/100,000 inhab-
itants, depending on nationality. Interestingly, recent nationwide epidemiologic surveys in
Europe, Asia and USA, have noted an increase of its incidence in the last decades, extending
to the number of 160/100,000/year [Lopez-Gonzalez et al., 2012]. Moreover, ISSNHL has a
severe impact on the patient’s quality of life, causing not only physical disability but an
additional psychological burden [Nakashima et al., 2000; Psifidis et al., 2006; Lee et al,,
2010].

ISSNHL remains one of the major unsolved otologic emergencies. Its etiology, despite
the number of surveys performed, still remains unclear. This is mainly because a direct
investigation of labyrinthine tissue in a living patient is not yet possible without permanent
damage of the inner ear and postmortem histopathology is rarely available. Therefore,
animal models that mimic the disease entity have been developed, as well as indirect diag-
nostic tools, such as serologic testing for different agents, in order to unravel the patho-
genesis of ISSNHL [Satoh et al., 2003; Bachor et al., 2005; Solares and Tuohy, 2005; Merchant
etal,, 2008].

The central nervous system, and the inner ear by extension, were originally thought to
be immunoprivileged sites due to the presence of the blood-brain and the blood-labyrin-
thine barriers, respectively [Bodmer et al, 2002]. In 1958, Lehnhardt was the first to
contradict the ‘immunoprivileged site’ theory about the inner ear. He reported a patient in
whom progressive hearing loss in one ear became bilateral after a period of time, suggesting
that degeneration of inner ear tissues in one ear led to the production of anti-cochlear anti-
bodies that eventually damaged the other ear [Lehnhardt, 1958]. Further support to this
assumption was derived from a seminal study by McCabe [1979] in which immunosup-
pressive therapy with corticosteroids and cyclophosphamide improved cases of sensori-
neural hearing loss. Nowadays, it has been confirmed that the cochlea is activated by
systemic events which stimulate innate immunity and, when an antigen is present in the
inner ear, a robust cochlear adaptive response is generated, possibly leading to the devel-
opment of immune-mediated hearing loss [Hashimoto et al., 2005]. This cochlear immune
response, resulting in ISSNHL, is regulated by a number of cytokines whose implication has
been previously outlined in other types of sensorineural hearing loss, such as acoustic
trauma and cisplatin-induced ototoxicity [So et al., 2008; Hwang et al., 2011; Kim et al,,
2011].

The noted emphasis on the immune response within the inner ear as the cause of ISSNHL,
in combination with the raise of the disease’s incidence in the last decades, underline the
importance of conducting experimental studies on this subject. Our goal is to investigate the
expression of tumor necrosis factor-a (TNFa), interleukin-6 (IL-6), interleukin-2 (IL-2) and
interleukin-8 (IL-8) in the serum of patients with ISSNHL in correlation with the therapeutic
result of corticosteroid intravenous administration. These proinflammatory cytokines are
examined as possible prognostic factors for the disease entity and point out new perspectives
regarding the development of novel therapeutic approaches.
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Table 1. Exclusion criteria
Start of treatment >5 days after SSNHL

Medication for ISSNHL prior to admission

Congenital hearing loss

Méniere’s disease

Family history of genetic hearing loss

Chronic or acute otitis media

Cholesteatoma or otosclerosis

History of prior ear surgery (except ventilating tubes)

History of trauma (head, acoustic, barotrauma)

History of luetic deafness

History of meningitis

History of autoimmune disease (SLE, rheumatoid arthritis,
Sjogren’s syndrome, Cogan’s syndrome, Behcet's disease, etc.)

Oncologic history with recent chemotherapy or radiation

Prior use of ototoxic drugs

Neurological disorders/clinical depression

Abnormal MRI findings (lesions at the internal auditory meatus, the
cerebellopontine angle, the brainstem)

Pregnancy

Acute or chronic infections

Systemic diseases that may increase the risk of adverse effects from
intravenous steroid treatment (unregulated hypertension,
unregulated diabetes mellitus, chronic renal/liver insufficiency,
etc)

Materials and Methods

Between May 2009 and October 2013, a prospective cohort study was conducted on 43
patients primarily diagnosed with ISSNHL, with the collaboration of the 1st and 2nd
Department of Otolaryngology Head & Neck Surgery, Aristotle University of Thessaloniki
(AUTH). The patients were hospitalized in both departments. The study was approved by the
local Ethics Committee of the AUTH Faculty of Medicine and was carried out in accordance
with the Declaration of Helsinki of 1975, as revised in 2008. All patients were thoroughly
informed about the clinical protocol and gave written consent.

All patients underwent intravenous treatment with corticosteroids (prednisone) for 8
days. The determination of the prednisone dosage was based on the patients’ body weight
and was tapered gradually during hospitalization. Beyond the 8-day period of intravenous
treatment with corticosteroids, modifications of the therapeutic approach did not exclude the
patient from the protocol.

Eligibility criteria included a sudden unilateral hearing loss of at least 30 dB over 3
continuous frequencies occurring in less than 3 days, with the start of treatment taking place
within 5 days from the onset of hearing loss. No treatment (intravenous or oral medication)
for ISSNHL was received prior to hospitalization. Patients admitted to our departments
beyond 5 days from the onset of hearing loss as well as patients who had received medication
for ISSNHL prior to their admission were excluded from the protocol. Additional exclusion
criteria are listed in table 1. The diagnosis of ISSNHL was confirmed with a thorough otorhi-
nolaryngological examination and standard audiometric evaluation. An extensive medical
history report, including the patients’ demographic facts as well as individual and family
medical history, was filled out, with emphasis on smoking habits and alcohol consumption. A
prerequisite for the diagnosis of ISSNHL is a normal magnetic resonance imaging (MRI). The
imaging was conducted at least 3 months after the hearingloss, in order to protect the patient
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from exposure to intense noise close to the disease onset. Patients with abnormal MRI findings
were retrospectively excluded from the protocol.

Two blood samples after venipuncture were received from each patient: one before and
one at the end of treatment, on the 1st and 8th day, respectively. The choice of the specific
days for the blood samples was made in accordance with the 8-day protocol of intravenous
treatment with corticosteroids the two departments follow on ISSNHL. Plasma and serum
were derived from the blood samples by centrifugation, which in turn were classified receiving
serial codes and were stored in a deep freezer (-74°C). In these serum specimens, the
production of 4 proinflammatory cytokines, TNFq, IL-6, IL-2 and IL-8, was detected with the
use of enzyme-linked immunosorbent assay (ELISA).

A standard audiometric evaluation was performed for each patient prior to treatment,
including air- and bone-conducted pure tone audiometry (PTA), Weber and Rinne tests and
tympanometry curve with determination of acoustic reflexes. PTA of 500, 1,000, 2,000 and
4,000 Hz, calculated as the arithmetic mean of hearing thresholds, was used to categorize the
hearing losses as mild (26-40 dB), moderate (41-60 dB), severe (61-80 dB) and profound
(>80 dB). In order to monitor the progression of hearing thresholds during the 8-day protocol
of intravenous treatment with corticosteroids, successive audiometric tests were performed
additionally on the 4th and 8th day of the protocol. The therapeutic result was estimated as
the difference between the PTAs of the 1st and 8th day audiograms. Total recovery was
defined as a complete restoration of normal hearing threshold (PTA <25 dB), whereas
excellent recovery was determined as a PTA improvement of >30 dB, partial recovery
between 15-30 dB and lack of recovery <15 dB. In order to simplify statistical analysis, total
and excellent recovery were united in one group under the title total/excellent recovery. It
has to be noted that the diagnosis and monitoring of ISSNHL require further specialized
neurotologic examination, such as distortion product otoacoustic emission and auditory
brainstem response tests, which are not described in this article since their results were not
included in our protocol. Finally, when the patients were to be discharged, the necessary
follow-up was reassured.

The statistical analysis of the patients’ data was performed with the use of SPSS 17.0
software [mean values, minimum and maximum values, and standard deviation (STD)], and
Pearson’s x? test of independence was used in order to correlate the variations (increase or
reduction) of each cytokine with the therapeutic outcome.

Results

Between May 2009 and October 2013, 43 patients primarily diagnosed with ISSNHL
were included in our study. The mean age of the patients was 53 years (range 13-79). The
baseline characteristics of the study population are displayed in table 2. One patient relapsed
after treatment (2.3%) and was excluded from further statistical analysis. This patient will be
examined as a case study.

Mild sensorineural hearing loss was observed in 7.2% of the patients, moderate in 19%
and severe in 28.6%, and 45.2% of the patients presented with profound hearing loss. Total/
excellent recovery was seen in 15 patients (35.7%), partial recovery in 6 (14.3%) and lack of
recovery was noted in 21 (50%).

TNFa, IL-6, IL-2 and IL-8 were detected in serum specimens received from each patient
on the 1st and 8th day of treatment with the use of ELISA. The mean of each cytokine’s
expression was estimated, with concurrent determination of STD, minimum and maximum
values, separately for each group of patients in correlation with their response to treatment.
The expression of TNFaq, IL-6, IL-2, IL-8 on the 1st and 8th day is presented in tables 3 and 4.
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Table 2. Baseline characteristics

. Age, years
of the study population Mean £3
Range 13-79
Sex
Male 16 (37.2%)
Female 27 (62.8%)
Affected ear
Right 22 (51.2%)
Left 21 (48.8%)
Smoking habits
Nonsmoker 18 (41.9%)
Mild-to-moderate smoker 16 (37.2%)
Heavy smoker 3 (7%)
Ex-smoker 1(2.3%)
Passive smoker 5(11.6%)
Alcohol consumption
None 20 (46.6%)
Moderate (<2 units/week) 21 (48.8%)
Elevated (>2 units/week) 1(2.3%)
Alcoholism (>2 units/day) 1(2.3%)
Days of SSNHL onset prior to treatment
0-1 19 (45.2%)
2-3 11 (26.2%)
4-5 12 (28.6%)
Table 3. TNFa and IL-6 ]
expression on the 1st and 8th Total/excellent Partial Lack of
day in correlation with the recovery recovery recovery
therapeutic result TNFa IL-6 TNFa  IL-6 TNFa IL-6
1stday
Mean 171.9 1.5 2199 15 110.7 2.6
STD 278.0 1.1 1946 0.6 2754 2.9
Min. 6.3 0.4 57 08 5.9 0.4
Max. 846.0 43 4699 24 941.1 10.1
8th day
Mean 45.5 1.9 141.2 1.7 64.2 1.7
STD 52.1 1.3 1388 0.4 154.0 1.8
Min. 5.1 0.6 55 1.2 49 0.3
Max. 150.3 4.8 3378 2.2 533.3 6.8

Additionally, we calculated the variation of each cytokine’s expression between the 1st and
8th day, in order to evaluate a possible correlation with the therapeutic result. As shown in
table 5, the downregulation of TNFa and the upregulation of IL-6 appear to correlate with a
positive response to treatment, the increase of IL-8 expression is associated with poor thera-
peutic outcome, whereas no specific pattern can be seen in the variation of IL-2 expression
between the 1st and 8th day in correlation with treatment outcome.

Due to the great range of the cytokine values, we investigated the increase or reduction
of TNFq, IL-6, IL-2 and IL-8, as qualitative variables, in correlation with the therapeutic
outcome using Pearson’s x? test of independence (table 6). TNFa reduction between the 1st
and 8th day of treatment is a positive prognostic factor in patients with SSNHL, as it is strongly
associated with a good therapeutic outcome [x?(2) = 13.12, p = 0.001]. Additionally, IL-6
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Table 4. IL-2 and IL-8 expression

on the 1st and 8th day in Total/excellent Partial Lack of
correlation with the therapeutic recovery recovery recovery
result IL-2 IL-8 IL-2 IL-8  IL-2 IL-8
1st day
Mean 39.2 6.7 12.6 2.6 28.3 9.7
STD 61.4 6.1 13.5 1.6 63.6 6.4
Min. 1.0 0.2 2.8 0.1 1.9 0.2
Max. 208.2 20.7 35.4 44 2373 23.3
8th day
Mean 35.9 13.4 10.6 9.4 131 15.7
STD 58.3 16.4 8.7 10.7 23.5 18.4
Min. 0.5 0.2 3.1 0.2 2.0 0.1
Max. 197.2 48.4 26.6 23.8 97.5 58.1

Table 5. Variation of cytokines

between the 1st and 8th day kg — g

Total/excellent recovery 39.6% -498% 11.7% -123.3%
Partial recovery 272% -173% -11.5% -400.7%
Lack of recovery 4.1% 154% 16.3% -629.9%

Mean values are shown. Variation = (day 1 - day 8)/day 1 x 100%.

Table 6. Reduction/increase of TNFa, IL-6, IL-2 and IL-8 in correlation with the therapeutic outcome

TNFa IL-6 IL-2 IL-8

red. incr. red. incr. red. incr. red. incr.
Total/excellent recovery 15 (100) 0 (0) 4(26.7) 11 (73.3) 9(60) 6(40) 6(40) 9(60)
Partial recovery 6(100) 0 (0) 2(333) 4(66.7) 2(33.3) 4(66.7) 2(33.3) 4(66.7)
Lack of recovery 11(52.4) 10 (47.6) 19(90.5) 2(9.5) 14 (66.7) 7 (33.3) 13(61.9) 8(38.1)
Pearson’s x? value 13.125 16.780 2.154 2.457
p value 0.001 0.0001 0.341 0.293

Values are expressed as n (%). red. = Reduction; incr. = increase.

increase is a positive prognostic factor, showing strong correlation with good response to
ISSNHL treatment with intravenous administration of corticosteroids [x%(2) = 16.78, p =
0.0001]. On the other hand, the variations of both IL-8 and IL-2 do not have a statistically
significant influence on the outcome of the treatment.

Discussion
Nowadays, the inner ear is no longer considered to be an immunoprivileged site despite
the presence of the blood-labyrinthine barrier. This fact was first supported by Lehnhardt’s

report, followed by the results of McCabe’s seminal study [Lehnhardt, 1958; McCabe, 1979].
Animal models of ISSNHL have demonstrated the trafficking of lymphocytes from the systemic
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circulation into the inner ear, elucidating the absence of a strict anatomical barrier within the
cochlea [Vambutas et al,, 2009]. Two routes are assumed for the infiltration of inflammatory
cells in the cochlea: one is through the spiral modiolar vein from the systemic circulation and
the other is from the endolymphatic sac where inflammatory cells are locally produced
[Yoshida et al., 1999].

A viral infection, a systemic inflammatory disorder and physical, mental and metabolic
stress can trigger an innate immune response with production of circulating ligands such as
cytokines or reactive oxygen species within the inner ear [Merchant et al., 2008]. This immu-
nological cascade accounts for the breakdown of tight junctions between stria vascularis
endothelial cells, and consequently for the disruption of the blood-labyrinth barrier, leading
to degeneration of the organ of Corti, stria vascularis and spiral ganglion, resulting in ISSNHL
[Garcia Berrocal and Ramirez-Camacho, 2002]. The cochlear immune response can be acti-
vated transiently, explaining the spontaneous recovery of ISSNHL in many cases, whereas a
prolonged activation would lead to an irreversible damage [Ferri et al.,, 2012]. Cytokines and
adhesion molecules play a central role in the immune response in all mammalian tissues,
including the inner ear [Yoshida etal., 1999]. Therapeuticapproaches that target the secretion
of these molecules can suppress inflammation and restrict the tissue damage, providing a
prophylactic or therapeutic effect in cases of ISSNHL.

The expression of TNFa has been the subject in a number of research protocols on the
pathogenesis of ISSNHL. TNFa is a proinflammatory cytokine that is secreted by activated
macrophages, T cells, B cells and fibrocytes, inducing infiltration of the immunocompetent
cellsinto the tissues and amplifying the immune response [Van Wijk et al., 2006]. TNFa postu-
lates as a first messenger for primary immune cells, increases the expression of human
leukocyte antigens and high-affinity IL-2 receptors and exerts multiple stimulatory effects on
T cells by binding to specific receptors [Akdeniz et al., 2004]. In hair cells, TNFa plays its role
via two receptors: the combination of TNFa with TNF receptor 1 (p53 protein) induces apop-
tosis, whereas its combination with TNF receptor 2 (p75 protein) activates Jun N-terminal
kinases (JNK) and nuclear factor-kappaB (NF-kB) which function as antiapoptotic agents
[Zou et al., 2005]. So far, TNFa has been implicated in the pathophysiology of different types
of sensorineural hearing loss, i.e. in SNHL postbacterial meningitis or in SNHL due to ototoxic
drugs [Aminpour et al.,, 2005; So et al., 2008; Kim et al., 2011]. In cisplatin-induced hearing
loss, TNFa activates NF-kB, MAPKs and STAT pathways, which, in turn enhance its expression,
resulting in inner ear degeneration and manifestation of SNHL. It is possible that in a similar
way, TNFa production may lead to apoptosis of inner ear cells in ISSNHL. Moreover, recent
studies have demonstrated that TNFa is implicated in the pathogenesis of ISSNHL via acti-
vation of the sphingosine-1-phosphate (S1P) signaling pathway, through which it induces a
proconstrictive state at the cochlear microcirculation [Scherer et al., 2010]. This fact under-
lines the possibleimplication of a proinflammatory cytokine, notonly in the immune-mediated
hearing loss, but additionally in ISSNHL that results from vascular occlusion.

In our study, we demonstrated that TNFa reduction between the 1st and 8th day of intra-
venous corticosteroid administration is associated with hearing restoration. Our result
supports the study by Demirhan et al. [2013] which showed that TNFa posttreatment values
are elevated in the treatment nonresponders and complies with both clinical trials and case
reports in the literature that favor the use of TNFa inhibitors in the treatment of ISSNHL
[Staecker and Lefebvre, 2002; Satoh et al., 2002, 2003; Van Wijk et al.,, 2006; Demirhan et al.,
2013]. With the exception of our study and the one recently published by Demirhan et al., the
variation of TNFa expression has not been evaluated in other research protocols. Ren et al.
[1998] showed that plasma levels of TNFa and IL-6 in patients with ISSNHL were significantly
higher and Voronkin et al. [1999] revealed a more active production of TNFa in the super-
natant of cultivated mononuclears from patients with ISSNHL compared to the control group,
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whereas there is one study showing lower TNFa titters in ISSNHL [Suslu et al., 2009]. The
expression of TNFa has been outlined as a possible prognostic factor of the response to corti-
costeroid treatment in ISSNHL and, additionally, as a promising target for novel therapeutic
approaches.

IL-6, a well-known mediator of acute inflammatory reactions, is also upregulated in the
early phases of a cochlear inflammatory response. Despite the fact that IL-6 expression at the
early stages of cochlear inflammatory response is lower than that of TNFa and IL-1, its impli-
cation in ISSNHL is critical [Yoshida et al., 1999; Fujioka et al., 2006]. IL-6 is known to act as
a proliferation factor of B cells or plasma cells, resulting in antibody production locally as an
antioxidative agent by inducing antiapoptotic gene expression, including the bcl gene family,
and moreover, it has been implicated in the atherogenic process [Akdeniz et al., 2004; Fujioka
et al, 2006; Cadoni et al,, 2014]. In the inner ear, IL-6 expression is observed in the spiral
ligament, the stria vascularis and the spiral ganglion neurons [Fujioka et al., 2006].

In a number of different types of sensorineural hearing loss, researchers have outlined
the implication of IL-6. In the noise-damaged mice cochlea, blockade of IL-6 signaling
suppressed inflammation and resulted in hearing restoration [Wakabayashi et al., 2010]. In
cisplatin-induced hearing loss, IL-6 is implicated via STAT3 and NF-kB activation, routes that
can also be involved in the pathogenesis of ISSNHL [Kim et al., 2011]. Additionally, different
types of systemic stress can converge at NKCA reduction, IL-6 upregulation and neutrophil
count increase, inducing sensorineural hearing loss via pathological activation of NF-kB
cellular pathway [Masuda et al.,, 2012]. In ISSNHL, 174G/G and the C-572G polymorphisms of
the IL-6 gene are significantly associated with a higher risk of hearing loss due to vascular
occlusion [Hiramatsu et al., 2012; Cadoni et al,, 2014]. On the other hand, a case control study
revealed no difference between IL-6 levels in patients with ISSNHL compared to the control
group [Haubner et al,, 2011]. Our study outlines a statistically significant positive correlation
of IL-6 increase during intravenous corticosteroid treatment and hearing restoration. This
result implies a possible antiapoptotic/antioxidative effect of IL-6 during the inner ear
immune response. Itis possible that IL-6 elevation can induce antiapoptotic genes’ expression,
for example the bcl family genes, leading to restoration of hair cell function, and consequently,
recovery in cases of ISSNHL.

Besides TNFa and IL-6 that are produced at the early stages of cochlear inflammatory
response, there is a number of cytokines, such as IL-2 and IL-8, induced in later stages. IL-2
emanates from the endolymphatic sac, regulating the expression of sSICAM-1, which, in turn,
changes the characteristics of the spiral modiolar vein. Thus, IL-2 allows immune cells from
the circulation to access the inner ear, leading to the formation of fibro-osseous matrix, ulti-
mately resulting in the degeneration of the inner ear and consequently ISSNHL [Garcia
Berrocal and Ramirez-Camacho, 2000, 2002]. However, the damage caused by the expression
of IL-2 was shown to be reversible [Kubo et al., 1998]. Unfortunately, our study could not
reveal a pattern between the variations of IL-2 during ISSNHL treatment and the disease
outcome. On the other hand, our results show that the increase of IL-8 during treatment
correlates with poor therapeutic outcome in ISSNHL, although this correlation is of no statis-
tical significance. IL-8 is expressed in cultured spiral ligament fibrocytes after stimulation by
TNFa and IL-1f [Yoshida et al.,, 1999]. In vivo, the interactions of leukocytes with endothelial
cells induce IL-8, which in turn influences the infiltration of inflammatory cells and the main-
tenance of the immune response [Lukacs et al., 1995]. The installation of IL-8 in the middle
ear cavity can affect inner ear function by accumulation of inflammatory cells, although the
organ of Corti and the stria vascularis appeared to be intact [[guchi and Anniko, 1998]. These
data suggest a possible implication of IL-8 in the pathogenesis of ISSNHL. However, Haubner
et al. [2011] failed to prove significantly different levels of IL-6 and IL-8 comparing patients
with ISSNHL and healthy controls. The lack of statistical significance in the correlation
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between IL-8 variations and the therapeutic outcome can be attributed to the number of
patients included in our study. It is possible that an increased number of patients in future
studies would confirm the correlation and enhance its statistical significance.

Conclusions

[tis obvious that different pathways are involved in the pathogenesis of ISSNHL, many of
which intersect, underlining the complexity of this disease. At present time, the direct evalu-
ation of the cellular responses in the inner ear is impossible. However, the development of
animal models that mimic the disease entity, as well as indirect diagnostic tools, such as sero-
logic testing for different agents, can be used to unravel its pathogenesis. Over the lastdecades,
the attention was drawn to the implication of proinflammatory cytokines in the pathophysi-
ology of ISSNHL. Prior to our study, the variation of cytokine expression in patients with
ISSNHL has not been examined in correlation with the therapeutic result of intravenous corti-
costeroid administration, with the exception of the study by Demirhan et al. [2013] in which
only the variations of TNFa expression were examined. Our study elucidates that there is a
strong correlation between a positive therapeutic result and a TNFa reduction or an IL-6
increase. Thus, TNFa and IL-6 can be used as prognostic factors for the treatment outcome.
Additionally, IL-8 increase reflects negatively on the therapeutic result, implying a negative
prognostic value, which was not confirmed as statistically significant. The implication of
proinflammatory cytokines in the ISSNHL pathophysiology renders them targets for new
therapeutic approaches. Future studies on the evaluation of systemic stress and the
measurement of inflammatory biomarkers in patients with ISSNHL must be designed in order
to achieve better insight on its pathophysiology. These studies are expected to outline new
targets for therapeutic approaches and unravel novel prognostic factors, thus contributing in
the development of more effective therapeutic strategies.
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