
INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 
© 2026 IJNRD | Volume 11, Issue 2, February 2026 | ISSN: 2456-4184 | IJNRD.ORG 

 

IJNRD2602296 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)  

 

c935 

DIAGNOSTIC APPROACHES IN AUTOIMMUNE 

INNER EAR DISEASE: A SCOPING REVIEW OF 

CURRENT AND EMERGING STRATEGIES 
1Leena Thakare, 2Ayesha Shaikh, 3Diya Late, 4Priyanka Sawant 

1Assistant Professor, 2B. Pharmacy Student, 3B. Pharmacy Student, 4Assistant Professor 
1Department Of Pharmacy, 

1M. S. College of Pharmacy, Devghar, Maharashtra, Mumbai University, Maharashtra, India 
 

 

Abstract: In order to critically assess diagnostic methods for autoimmune inner ear disease (AIED), this review summarizes the most 

recent research. The goal is to examine new technologies and draw attention to the ongoing lack of a definitive diagnostic gold 

standard. The review examines important areas of progress, such as prospective serologic and functional biomarkers, sophisticated 

imaging techniques, and genetic testing, while concentrating on the shortcomings of current clinical and laboratory diagnostic criteria. 

The conclusion emphasizes that AIED is still a diagnosis of exclusion despite encouraging advancements, such as the study of inner-

ear-specific proteins (such as cochlin and prestin) and innovative imaging techniques. Clinical presentation, documented progressive 

hearing loss, and a favourable reaction to immunosuppressive treatment are all necessary. The validation of certain biomarkers and 

the development of uniform diagnostic criteria must be the top priorities for future research in order to enable earlier and more accurate 

diagnosis, which will enable prompt and efficient treatment. 
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________________________________________________________________________________________________________ 

 

INTRODUCTION 

McCabe's traditional description of AIED is bilateral sensorineural hearing loss that progresses quickly (over weeks to months) and 

reacts to immunosuppressive medication. Primary AIED is a rare condition [1]. The exact incidence of AIED is unknown since there 

is currently no reliable diagnostic test for the condition. However, the rate of abrupt sensorineural hearing loss is higher, occurring in 

one instance per 5,000 to 10,000 people annually, making it less prevalent [2]. The condition appears to be more prevalent in women 

aged 20 to 50 and is characterized by a fast-progressive, frequently fluctuating bilateral sensorineural hearing loss (SNHL) that 

develops over a few weeks to months [3]. Rheumatoid arthritis, disseminated vasculitis, Sjögren's syndrome, polychondritis, 

myasthenia gravis, Hashimoto's thyroiditis, Cogan's syndrome, Behçet's disease, sarcoidosis, Wegener's granulomatosis, and systemic 

lupus erythematosus are among the systemic autoimmune illnesses that coexist in 15–30% of patients. recurrent polychondritis with 

colitis ulcerosa. [4] 

 

 

 

 

 

 

Figure 1: Autoimmune Inner Ear Disease (AIED) can originate in the endolymphatic sac (black arrow) 

In the late 19th and early 20th centuries, the idea of autoimmune disorders started to take shape when conditions like systemic lupus 

erythematosus (SLE) and rheumatoid arthritis were observed, where it was thought that the body's own tissues were being attacked 

by the immune system. The finding of antinuclear antibodies (ANAs) in lupus patients was one of the seminal discoveries made in 

the mid-1900s that shed light on the autoimmune nature of some illnesses. Additionally, around this time, diagnostic assays to identify 
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these antibodies were developed. [5, 6] The finding of inner ear-specific autoantibodies in the sera of patients with AIED, its co-

occurrence with other autoimmune disorders, and its positive response to immunosuppressive medications all lend credence to an 

autoimmune-mediated mechanism, according to current literature. Clinical evaluation, SNHL demonstration with recurring audiologic 

testing, and immunomodulatory medication response are used to make the diagnosis of AIED, which is an exclusionary diagnosis. [7, 

8] There is no definitive and generally recognized marker for the diagnosis of AIED, despite the fact that a number of them have been 

reported, and the current laboratory tests are contentious. [9, 10] Although its usefulness has been disputed, the antibody to Heat Shock 

Protein-70 is the most commonly reported marker in AIED. [11, 12]  

Autoimmune disease prevalence varies greatly; some estimates place the total number of affected individuals in affluent nations 

between 5 and 8%. Genetic predisposition, environmental variables, and shifts in diagnostic standards and knowledge can all have an 

impact on the frequency and prevalence of particular autoimmune illnesses, which can vary over time. [13, 14] 

RESEARCH METHODOLOGY 

1.1 Search Method 

A comprehensive search of the literature, including publications published between January 2020 and December 2024, was carried 

out in the databases MEDLINE, INSPEC, and Web of Science Core Collection. Boolean operators were used to broaden or narrow 

the search parameters, which included "autoimmune inner ear disease" AND "diagnosis."  The following were the requirements for 

inclusion: 

1] Peer-reviewed papers released from January 2020 to December 2024;   

2] Research on diagnostic approaches, such as genetic markers, imaging methods, or sophisticated AIED testing;  

3] English-language publications. [15]  

According to the Systematic Reviews and Meta-Analyses (PRISMA) declaration, this study was in compliance. Relevant papers from 

2011 to December 2021 were found using the Scopus, PubMed, ISI, Google Scholar, and Cochrane Library databases. The following 

keywords were applied to the remaining databases: multiple sclerosis, vitiligo, autoimmune illnesses, systemic lupus erythematosus, 

rheumatoid arthritis, sensorineural hearing loss, abrupt hearing loss, and inflammatory bowel disease. [16] The full text of the 

remaining articles was assessed for subject inclusion criteria, number of subjects, treatment type and duration, audiologic and 

vestibular evaluations, blinding, randomization, and follow-up. After review articles, animal studies, and other publications lacking 

information about outcomes following treatment for AIED were removed. Final inclusion was restricted to studies that reported 

outcome data for AIED participants receiving any kind of treatment other than oral steroids alone, with a focus on data that was 

gathered prospectively. [17] 

1.2 Inclusion and Exclusion Criteria 

Controlled clinical trials, randomized controlled trials, and prospective and retrospective cohort studies are the requirements for 

inclusion. This article did not include case reports, reviews, in vitro experiments, or case studies. [16]. For this review, the following 

criteria had to be met: (a) studies that treated AIED with audiometric data on hearing outcomes; (b) studies that were either prospective 

or retrospective in nature; and (c) studies that were published between April 1990 and April 2020. Based on trends in AIED research, 

dates were chosen. The following were excluded: (a) case reports; (b) studies with fewer than four participants; and (c) studies that used 

subjective hearing monitoring without audiometric data. [18, 19] 

1.3 Data Extraction 

A systematic data extraction process was used to record important information about the diagnostic techniques investigated, such as 

their corresponding clinical impacts, specificities, and sensitivities. To maintain uniformity and reduce potential bias, a standardized 

data extraction template was used during the extraction procedure. To integrate and condense the results, a narrative synthesis approach 

was used. [15] Audiometric data, treatment mode, study design, sample size, and reported vestibular symptoms were among the 

information that was retrieved. Hearing improvement was the main result, and vestibular symptoms were the secondary result. 

Significant variation existed between studies in the methods used to evaluate the results of primary and secondary research. Instead of 

combining the findings from all the studies, a qualitative comparison was done. [18, 19] The research was solicited by two writers (LX 

and ZC). [16]  

CURRENT DIAGNOSTIC APPROACHES 

Reliable pathognomonic testing and standardized diagnostic criteria are currently lacking for the diagnosis of AIED. Immunomodulated 

cochleovestibular illnesses are therefore diagnosed based on clinical symptoms, laboratory testing [which shows that antibodies or 

activated T cells against inner ear antigens are present in the serum], and the positive response to immunosuppressive therapy. To 

exclude retro cochlear diseases, a magnetic resonance imaging (MRI) assessment should be conducted for SNHL [20]. The Rauch 

criteria, which include "bilateral sensorineural hearing loss of at least 30 dB at any frequency and evidence of progression in at least 

one ear on two serial audiograms performed three months apart," can be used to suspect AIED in pure tone audiograms. [21]. Primary 

AIEDs can be challenging to diagnose. As of yet, neither immunologic nor serologic testing has proven to be accurate enough to provide 

a conclusive diagnosis. [22]. To summarize, the diagnosis of primary AIED is made based on clinical evaluation, the presence of 

progressive sensorineural hearing loss on monthly audiometric assessments, and above all a favorable reaction to corticosteroid therapy. 

The diagnosis might be supported by the existence of a positive Western blot. [23] Since there is now substantial evidence that 

immunological pathways play a role in the aetiopathogenesis of inner ear damage, none of the tests that have been suggested for the 

diagnosis of AIED are practical or effective in clinical settings as of this writing. [24]  

2.1 Clinical Diagnosis- 

It can be distinguished from a number of other diagnostic options by its advancement over the course of days to months. [25] As a 

result, autoimmune inner ear disease is still determined by exclusion rather than by positive results. Many times, the presence of 

concurrent autoimmune disorders, such as systemic lupus erythematosus, Cogan's syndrome, and others, can be used to identify patients 
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who present with autoimmune inner ear disease. [25, 26-28] Although they are not a diagnostic indicator for autoimmune inner ear 

disease, their co-occurrence with inner ear illness should encourage the doctor to move forward with an immunological laboratory 

workup. Lastly, the clinical manifestation of Meniere's disease can be similar to that of autoimmune inner ear disease [29, 30].  

 

2.2 Laboratory Diagnostic Evaluation- 

While none of the laboratory tests for autoimmune inner ear disease are completely sensitive or specific, they are all generally helpful 

predictors of how well corticosteroid therapy will work [31, 32]. Antigen-specific or antigen-nonspecific assessments of immune 

function are the two categories of laboratory tests used to identify the disease. [32, 31] On the other hand, only a few research labs offer 

antigen-specific procedures such as the lymphocyte transformation test, the migration inhibition assay, indirect immunofluorescence, 

and Western blot analysis of cochlear antigens. These tests seem to be helpful in determining which patients will benefit from steroid 

treatment. Despite having excellent sensitivity and specificity, they are not perfect. [33, 32] In these patients, a corticosteroid trial is 

necessary. [25, 32]  

2.3 Response to Corticosteroid Therapy 

In order to diagnose autoimmune inner ear disease, the third requirement is a favorable response to corticosteroid therapy. A test of 

corticosteroid treatment or corticosteroid and cyclophosphamide treatment is part of it [29, 25, 34]. A corticosteroid treatment that 

reverses or stabilizes the hearing loss validates the probable diagnosis. [26]. 

EMERGING DIAGNOSTIC APPROACHES 

The diagnosis of AIED necessitates a thorough evaluation of the patient's situation because there is no gold standard. In line with the 

higher incidence of autoimmune illnesses in women, AIED is somewhat more prevalent in women than in men. Usually, onset occurs 

between the ages of 20 and 50. [35]  

3.1 Biomarkers and Autoantibodies  
The biomarkers that were found were also categorized according to their clinical use, which included pathologic, prognostic, and 

diagnostic. The original publications found 55 molecular (Table 1) and 10 functional biomarkers (Table 2) associated with inner ear 

pathology, in addition to numerous other biomarkers that were mentioned in passing in review articles (Table 3). [36].  

Biomarker Classification—Three of the functional biomarkers were predictive, two were prognostic, and seven were diagnostic. Based 

on the reviewers' determination of whether or not the study achieved its own predetermined goals, we established another classification.  

3.1.1 Molecular Biomarkers (Tables 1 and 3)  

Protein Biomarkers Particular to the Inner Ear that Are Detectable in Serum, Plasma, or Peripheral Blood 

Protein Biomarkers  

a) Mulry and Parham contained a thorough explanation of the functions of protein biomarkers. The proteome study made it possible 

to identify a large number of distinct inner ear proteins, some of which are present specifically within the inner ear and others of which 

can be detected in peripheral blood. Otolin-1, prestin, and matriline are the proteins that can cross the blood-labyrinthine barrier and be 

found in the blood.  

b) Otolin-1 is a 70 kDa glycoprotein that is connected to the tectorial membrane and inner ear sensory hair cells. Drilling time 

positively correlates with significantly elevated levels in inner ear damage cases in mastoidectomies, demonstrating its role. [37] Sacks 

and Parham discovered a profound association between osteoporosis, benign paroxysmal positional vertigo (BPPV), and otolin-1 levels. 

[22]  

c) Prestin is a cochlear outer hair cell (OHC) motor protein that weighs 80 kDa. One possible sign of OHC damage is the presence 

of prestin in serum. This was initially proposed by Parham while researching the hearing loss in Wistar rats brought on by noise 

exposure. In cases of ISSHL with successful treatment and hearing threshold restoration, this latter study also proposed the predictive 

significance of lowering prestin levels.  

d) Matrilin-1 is a 148 kDa protein that is exclusive to cartilage and is mostly found in the tracheal and nasal cartilage of the upper 

airways. It has been shown to correlate with cartilage inflammation and can be identified in the serum of patients who have recurrent 

chondritis (RC).  

    

3.1.2 Biomarkers of Inflammation  

 Antibody Biomarkers 

a) Anti-type II collagen antibodies—According to Arnaud et al., 33% of patients with recurrent polychondritis have antibodies 

against type II collagen in their blood.   

b) Antinuclear antibodies (ANA)—Patients suffering from Meniere's disease (MD) have ANA blood titers that are 21–28% higher. 

[37] Additionally, blood levels of anti-U1RNP, antiendothelial cell, and IgG-type anticardiolipin antibodies were higher in patients with 

mixed connective tissue disease (MCTD) who experienced sudden sensorineural hearing loss [SNHL] than in individuals with MCTD 

who did not. Patients with MCTD who had SNHL had higher serum levels of interferon γ and tumor necrosis factor-α than those who 

did not, but they also had fewer natural regulatory T cells (CD4 + CD25) overall. [38] However, 15–30% of patients suffering from a 

bilateral progressive sensorineural hearing loss, which may be autoimmune inner ear disease (AIED), may also have another 

autoimmune disease at the same time [39]. There was no relationship between the age or length of MCTD onset and the estimated 

46.4% of MCTD patients who had SNHL, according to Hajas et al. [39] Other antibodies, such as anticardiolipin (aCL) or anti-

endothelial cell antibodies (AECA), may influence the clinical manifestations and the progression of the disease. Antinuclear antibodies 

and anti-U1RNP were identified as characteristic of the disease. [40, 41] Factor H and B, fibrinogen α and γ, β actin, and pigment 

epithelium-derived factor proteins were all overexpressed in plasma samples taken from MD patients, according to profiling. [42] At 

the same time, apolipoprotein I, vitamin D binding proteins, and β-2 lipoprotein I were all under expressed in comparison to controls. 
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Additional research is required for confirmation because of the small sample size. [43]. A high number of white blood cells (WBC) was 

uncommon in their cohorts, they discovered, although erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) indicated 

disease activity and response to treatment. [44] Haasse and Prassad verified the significance of C-reactive protein (CRP) and updated 

the inflammation biomarkers by adding cytokines (TNF-α & interleukin-6) and enzymes (synthase). [45] They also underlined how 

important IL-6 is as a proinflammatory cytokine. [46] Despite the initial assumption that anti-phospholipid antibodies were involved in 

the activation of microthrombi formation in the inner ear in instances with SSNHL [47], none of the 60 patients in the study by Süslü 

et al. showed anti-phospholipid IgM or IgG antibodies [48].  

 

3.1.3 Antiviral Antibodies  

Antibodies to CMV, herpes zoster, herpes simplex type 1, influenza B, and mumps were detected in the serum of patients with idiopathic 

abrupt deafness. The direct relationship between the viral infection and hearing loss is unclear, though, as there was no correlation 

between the antibody titer and hearing loss, and the Henle–Koch postulates could not be met.   

3.1.4 Other Biomarkers  

a) Complement factor H contributes to the alternative complement activation pathway as a glycoprotein. But age-related macular 

degeneration, hemolytic uremic syndrome, and membranoproliferative glomerulonephritis were all associated with a mutation in a gene 

that codes for complement factor H. Additionally, it was higher in cases of otitis media with effusion, which was recently linked to MD 

[37].  

b) Beta-2 glycoprotein 1 (beta-2GP1) is an additional glycoprotein that interacts with phospholipids on the surface of injured cells to 

bind to negatively charged molecules (heparin, dextran sulfate) and stop the intrinsic blood coagulation cascade from activating. 

Recently, autoantibodies that target beta-2GP1 have been found in sensorineural hearing loss patients.[49]   

c) Beta-actin is a structural protein that is necessary for the integrity of the cytoskeleton and for the stereocilia's structure in hair cells. 

Mutations that may change the polymerization of actin filaments in the cytoskeleton and other organelles have been linked to both 

dystonia with nonsyndromic hearing loss and autosomal dominant hearing loss.  

d) Vasopressin is a hormone that controls the osmotic pressure of body fluids. Higher amounts of vasopressin were found in the acute 

stage of Meniere's disease, according to retrospective research. This matches the findings of Kumagami et al., who suggested that the 

release of vasopressin may cause a vertigo attack in Meniere's illness by reducing fluid reabsorption in the endolymphatic sac and 

causing endolymphatic hydrops in guinea pigs. Another investigation on animals showed that when inner ear pressure is compressed, 

plasma vasopressin levels drop.   

e) Vitamin D binding protein (VDBP) acts as a scavenger of actin, shielding cells from the harmful effects of intravascular actin 

polymerization. It is also referred to as Gc-globulin (group-specific component globulin). In terms of mechanism, VDBP has been 

demonstrated to decrease platelet aggregation and increase the ex vivo coagulation time.   

f) Glucocorticoids and brain-derived neurotrophic factor (BDNF) have been supported by Rüttiger and colleagues. The 

concentration of BDNF in human serum is significantly higher (factor of 200) than in human plasma, and it has been more closely 

associated with tinnitus and hyperacusis.  

3.1.5 Inner-Ear-Specific Biomarkers Detected in the Perilymph or Inner Ear Structures  

a) Cochlin is a protein that is expressed in the vestibule and cochlea [37], and it plays a significant role in the diagnosis of perilymphatic 

fistula. Its sensitivity and specificity are 100% and 86.4%, respectively. [50] Additionally, it was discovered that autoimmune inner ear 

disease and MD [51] both overexpress cochlin [52]. Cochlin was consistently found in the crista ampullaris, utricle, or perilymph, 

despite evidence of its function. Along with otospiralin [53], otoraplin [37, 54], and oncomodulin, other proteins that may be present in 

the inner ear include prestin, otoancorin, otogelin, α-tectorin, β-tectorin, and otoconin-90.   

b) Heat shock proteins [HSP] belong to a family of cytoplasmic chaperone proteins that control how other proteins fold. Pennisi et al. 

found that HSP90 is a crucial chaperone protein that plays a role in stress responses. [37] It is HSP90 that is necessary for protein 

maturation, not de novo protein folding. Schmitt et al.'s observational investigation of heat shock proteins in 39 perilymph samples 

taken during ear surgery brought to light the challenge of getting control individuals to provide perilymph samples. [55] The similar 

difficulty was observed when staining for the monocyte-macrophage biomarker 27E10 in temporal bone studies of the sensorineural 

consequences of chronic otitis media. The scala tympani was proposed by Jókay et al. as the site of lymphocyte-macrophage interaction, 

generating SNHL, despite difficulties with sample accessibility. [56]  

3.1.6 Biomarkers of Oxidative Stress (Damage)  

Haase and Prassad examined antibodies against cardiolipin and Saccharomyces cerevisiae [ASCA], and they categorized oxidative 

stress biomarkers into three categories: protein modification [3-nitrotyrosine protein carbonyls], DNA adduct [8-

hydroxydeoxyguanosine], and lipid peroxidation [including malondialdehyde and F2-isoprostane]. [45] Since free radical activity is 

reflected in NIHL, malondialdehyde, 4-hydroxynonenal, nitrotyrosine, and inducible NO synthase [iNOS] are among its stress 

indicators. [57] Apoptosis may also be mediated by other proteins, like cytochrome C, and enzymes, like caspases, which may contribute 

to the degeneration of auditory nerve fibers. The two-hit mechanistic response of idiopathic sensorineural hearing loss is cochlear 

ischemia followed by reperfusion damage. [37] Increased levels of several biomarkers, such as malondialdehyde, which shows the 

activity of free radicals, are seen in the cochlea in cases of drug-induced ototoxicity. While endogenous antioxidants like glutathione 

and antioxidant enzymes like superoxide dismutase, catalase, and glutathione peroxidase are reduced in levels, the transcription factor 

nuclear factor-erythroid 2-related factor-2 (Nrf2), which is a key regulator of antioxidant enzyme expression, protectively increases 

these enzymes against ototoxicity. [58] In animal models of injury to vestibular hair cells, there is an increase in the production of NF-

kB and proinflammatory steroids. [59]  
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3.1.6 Functional Biomarkers (Table 2 and 3)  

Event-related potential P1, N1, and P2 Complex (CAEP). The event-related potential for auditory neuropathy spectrum disorders was 

the emphasis of Campbell et al., whereas Mostafa et al. attempted to use it as a measure of improved amplification when comparing 

cochlear implants with hearing aids. [37] Brainstem auditory evoked responses (ABR). The primary three waves, I, III, and V, of the 

ABR have been shown to be a reliable biomarker for sensorineural hearing loss brought on by lead poisoning, according to Counter and 

Buchanan. [60] Dewey assessed the effects of noise exposure and concluded that fMRI was a useful addition to the ABR. The I/V 

amplitude ratio was employed as a biomarker on the ABR side for both low and high noise exposure groups [61].  

a) Functional magnetic resonance imaging (fMRI). In children with hearing loss who had cochlear implants before the age of 36 

months, Deshpande et al. discovered a relationship between post-cochlear implant speech language-auditory performance and the 

activation of the angular gyrus, supramarginal gyrus, middle temporal gyrus, precuneus, medial frontal gyrus, orbital gyrus, cingulate 

gyrus, subgyral, and middle occipital gyrus. [61].  

b) A temporary threshold shift (TTS). To forecast how long a person would be exposed to noise, Moshammer et al. used the TTS. 

It was suggested that OAE suppression by contralateral activation of the medial olivocochlear reflex was a predictor of workers' 

susceptibility to NIHL. OAE measurement enables the functional evaluation of the OHCs, which are the main targets of NIHL.   

c) Electrovestibulography (EvestG). Even though Garrett et al. came to the conclusion that separating the reaction into acceleration 

and deceleration would help differentiate between Meniere's disease and Benign Paroxysmal Positional Vertigo [BPPV], the findings 

indicated that the DC component merits more investigation. [37]. 

Table 1. Molecular biomarkers related to the inner ear in humans. 

Author Year Study 

Type 

Level of 

Evidence  

Met 

Objectives  

Biomarker Key Source  Category Ref 

Archibald et 

al.  

2010 Blind 

retrospectiv

e     chart 

review  

3b Yes B7-H1 

expression in 

lymphocytes  

Fresh frozen 

vestibular 

schwannoma 

Tissue 

Diagnostic [37] 

Edvardsson 

Rasmussen 

et al. 

2018 Observatio

nal 

4 Yes Alpha-2-HS-

Glycoprotein 

Perilymph 

aspirated 

through 

round 

window 

membrane  

Prognostic [37] 

Schmitt et al.  2018 Observatio

nal 

3b Partially Heat shock 

proteins  

Perilymph & 

Cochl. T 

Diagnostic [55] 

Lee et al.  2017 
Observatio

nal 
1b Yes 

Autoimmunity; 

elevated sera 

CRP & ESR in 

addition to 

many other 

proteins 

specific for 

autoimmune 

inner ear 

disease, or 

sudden SNHL 

Blood Diagnostic [10] 

Kim et al.  2014 

Prospective 

correlationa

l 

3b Partially 

Neuro-

immunology 

antigens 

involved in 

immune  

Reactions  

Endolympha

tic sac 

luminal fluid 

from 3 

patients & 

peripheral 

blood from 

10 patients  

Diagnostic [37] 

Betancur et 

al.  

2018 Prospective 

correltional 

1b Yes Anti-

centrosome 

antibodies, 

MSA-2 

CENTP-

F/MSA-3, Nu-

MA/MSA-1  

Serum Diagnostic [48] 

Hajas et al.  2009 
Prospective 

correltional 
2b Partially 

T cell count, 

IgG antibodies 

Anti-

endothelial cell 

antibodies 

[AECA]; High 

Plasma & 

Serum  
Diagnostic [38] 
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levels of anti-

U1RNP, IgG 

type aCL & 

AECA 

Ikezono et 

al.  

2018 Prospective 

correlationa

l cohort 

2b Yes Perilymph-

specific protein 

Cochlin-

tomoprotein 

[CTP] 

MEL 

[Middle ear 

lavage] & 

Peripheral 

blood 

[Plasma & 

Serum 

Diagnostic [50] 

Berti et al.  2013 Observatio

nal study 

3b No Inner ear  

autoantibodies 

Serum Prognostic [37] 

Sacks & 

Parham 

2015 Prospective 

pilot 

clinical trial  

2b No Otolin-1 Serum Diagnostic [37] 

Haase & 

Prasad  

2016 Research 

guidance 

papers 

1a Yes Biomarkers of 

oxidative 

stress; 

biomarkers of  

inflammation 

Peripheral 

blood 

Diagnostic [45] 

Aoki et al. 2007 Retrospecti

ve cohort 

2b No Plasma 

osmolality; 

plasma 

Vasopressin 

levels  

Plasma Diagnostic [37] 

Parham et al. 2014 Retrospecti

ve 

controlled 

cohort 

3b No Otolin-1 Serum Diagnostic [37] 

Jókay et al. 2001 Retrospecti

ve 

observation

al 

2b Yes Staining for 

27E10 in 

chronic otitis 

media  

Temporal 

bones from 

autopsies  

Pathogenic [56] 

Hansen & 

Linthicum  

2004 Retrospecti

ve 

observation

al 

4 Yes ERB2 & E3, 

Neuregulin  

Pathological 

specimens of 

vestibular 

schwannoma 

Diagnostic [37] 

Chiarella et 

al. 

2012 Cohort 2b Partially  Beta 2 

glycoprotein, 

beta actin, 

complement 

factor-H, vit. D 

binding protein  

Plasma Diagnostic [43] 

Table 2. Functional biomarkers related to the inner ear in humans. 

Author Year Study Type Level of 

Evidence  

Met  

Objectives  

Biomarker Category Ref 

Mostafa et 

al.  

2014 Correlational  

cohort 

1b Partially P1 CAEP Diagnostic [37] 

Dimitrijevic 2016 Correlational  

thesis 

2b No Envelope 

following response  

Diagnostic/ 

Prognostic 

[37] 

Counter & 

Buchanan 
2002 Correlational 2b No 

Brainstem 

Auditory evoked 

responses  
Diagnostic [60] 

Campbell 2011 Descriptive 4 No 

P1 component of 

the cortical 

auditory evoked  

potential  

Treatment [37] 

Dewey et al. 2018 Observational 1b No Regions of Interest 

[ROIs] on fMRI 

Diagnostic [37] 
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Feuerstein et 

al. 

2015 Observational 5 No Temporal 

Threshold Shift 

[TTS]  

Predictive [37] 

Moshammer 

et al. 

2015 Pre- and post, 

correlational 

1c Yes Temporal 

Threshold Shift 

[TTS]  

Diagnostic [37] 

Coffey et al. 2016 
Prospective 

observational 
2b Yes 

Auditory 

Frequency 

Following 

Response [FFR]  

Diagnostic [37] 

Choi et al. 2017 

Secondary 

analysis of a 

double-blinded 

randomized 

clinical trial 

2b Yes  

Electrode 

impedance 

fluctuations  

Prognostic [57] 

Deshpande 

et al.  
2016 

Prospective 

correlational 
1b Yes 

Preoperative fMRI 

activation in 

angular and 

cingulate gyri and 

prefrontal cortex  

Predictive [61] 

Table 3. Review article of biomarkers related to the inner ear. 

Author Year Level of 

Evidence  

Met 

Objectives  
BioMarker Key Source Classification Category Ref 

Evans & 

Halliwell 
1999 2a Yes 

Reactive oxygen 

and nitrogen  

Species  

Review of 

intracellular & 

extracellular 

antioxidants  

Molecular 

Pathophysiology/ 

Therapeutic 
[37] 

Arnaud et 

al.  
2014 2a Partially 

CII Ab & cell 

immunity in 

relapsing 

polychondritis  

Review of 

immunity in 

serum 

Molecular 
Pathogenic 

model 
[37] 

Okano  2014 5 Too broad Immune markers  

Review of 

immunity in 

serum  

Molecular 

Pathophysiology/ 

Therapeutic [37] 

Alawieh et 

al.  
2015 1a Yes 

Biomarkers of 

inflammation  

Review of 

immunity in 

plasma  
Molecular Diagnostic [37] 

Barozzi et 

al. 
2015 2a No 

Inner ear  

melanocytes  

Review of 

aggregated inner 

ear melanocytes  

papers  

Molecular Diagnostic [37] 

Rüttiger et 

al.  
2017 5 Yes 

Overview of both 

functional & 

molecular [e.g., 

BDNF]  

Evoked potentials 

+ Aggregated IHC 

& OHC 

biomarkers in 

animal & human 

studies  

Functional and 

Molecular 

Diagnostic/ 

Pathognomonic 
[37] 

Mulry & 

Parham  
2020 2a Yes 

Inner 

ear/preclinical 

models: 

[Otoconin 90/95, 

Otogelin, 

Otoancorin, 

Cochlin, α-

tectorin, β-

tectorin.] 

Vestibular 

biomarkers: 

Cochlin & Otolin- 

Review of 

aggregated data of 

proteins specific 

to the inner ear, 

some of which 

could be detected 

outside the inner 

ear  

Molecular Diagnostic [37] 

https://ijnrd.org/
http://www.ijnrd.org/


INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 
© 2026 IJNRD | Volume 11, Issue 2, February 2026 | ISSN: 2456-4184 | IJNRD.ORG 

 

IJNRD2602296 IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)  

 

c942 

 

3.2 Imaging Evaluation  

The assessment of AIED's impact on the inner ear has greatly improved because of developments in imaging technologies. Both 

computed tomography (CT) and magnetic resonance imaging (MRI) are essential diagnostic tools, particularly when clinical symptoms 

are similar to those of other hearing loss causes. Even while cochlear enhancement on MRI is not unique to AIED, it can be a sign of 

inner ear inflammation that is compatible with the condition. MRI with intratympanic gadolinium enhancement has demonstrated 

promise in identifying inflammatory alterations and visualizing inner ear structures. Moreover, when inner ear pathology is suspected, 

gadolinium [Gd]-enhanced MRI with 3D fluid-attenuated inversion recovery (FLAIR) imaging is especially helpful. By aiding in the 

differentiation of AIED from other illnesses, these imaging approaches not only improve diagnostic precision but also enable earlier 

detection and customized therapies.  

3.3 Genetic Testing  

Finding susceptibility factors for AIED through genetic testing has been increasingly useful, especially in instances with idiopathic or 

familial clustering. [62]. Notably, some haplotypes of the human leukocyte antigen (HLA), such as HLA-B27, B35, B51, C4, C7, and 

A1-B8DR3, have been studied for their possible use as prognostic indicators in hearing loss associated with AIED. [24-30] Furthermore, 

a higher risk of sudden SNHL has been linked to genetic variations in the interleukin-1 receptor (IL-1R) genes. Genetic testing helps 

with risk assessment, provides important insights into disease causes, and guides individualized treatment plans by detecting genetic 

predispositions. 

  

3.4 Diagnostic Therapy  

The ability to respond to steroid treatment is seen as a crucial clinical factor in the diagnosis of AIED. Treatment's backbone, 

corticosteroids, are frequently utilized as a diagnostic and therapeutic technique. A good response might aid in the diagnosis's 

confirmation; these responses are usually characterized by better hearing and fewer vestibular problems. The danger of relapse after 

reducing steroids and the diversity in treatment response, however, make it difficult to use this method alone for diagnosis. According 

to certain research, steroid therapy is 14–70% successful. [62]   

TREATMENT  

The first step in treatment should be a one-month steroid challenge at a daily maximum of 60 mg at 1 mg/kg. After reaching a plateau 

of recovery, steroid responders are reduced over eight weeks to a maintenance daily dose of 10 to 20 mg for roughly six months. They 

are then kept on full-dose therapy with monthly audiometry. Nonresponders are patients who do not improve after the 4-week steroid 

challenge, and they are eased off of steroids during a 12-day period. [63] When opposed to systemic administration, intratympanic 

therapy has two major advantages: it includes localized direct drug delivery to the afflicted site and creates much larger levels of steroids 

in the perilymph. It has also been demonstrated to improve hearing in people who are refractory to steroids. Combined with 

rheumatology, biologic or other immunosuppressive medication should be started if hearing loss persists after systemic and 

intratympanic steroids. With daily injections, 70% of steroid-resistant patients reported improved hearing, demonstrating the potential 

effects of the IL-1β antagonist anakinra. According to these authors, anakinra should be taken into consideration as a possible therapy 

option for patients who do not pass the one-month steroid challenge because of the encouraging early data, supporting biochemical 

evidence, and dearth of alternative treatment choices. [64] The standard starting dose for oral prednisolone is 60 mg [1 mg/kg/day], and 

it should be taken for at least four weeks. [65] It should be maintained and decreased gradually over a period of six months if hearing 

improves. After four weeks, tapering is carried out over a period of twelve days if no improvement is observed [66]. Patients who are 

resistant to intratympanic dexamethasone can benefit from intratympanic methylprednisolone, which was reported to have the highest 

concentration in the perilymph when compared to hydrocortisone and dexamethasone. Nowadays, these medications are taken in 

conjunction with steroids to lessen the negative effects of high doses of steroids. Steroid nonresponders are also treated with these as 

an option. An effective way to raise the hearing threshold is using anakinra. [67] A time-tested treatment option, corticosteroids are to 

be initiated as the first line of treatment and maintained for at least four weeks prior to tapering. Between 50 and 70 percent of cases 

respond to steroids. [66].  

In situations where high doses of steroids are prohibited or when hearing loss recurs during the maintenance or steroid weaning period, 

adjuvant therapy with immunosuppressive drugs may be suggested. Steroid-resistant AIED is difficult to treat, and there are currently 

no accepted standards for doing so. Eliminating circulating antibodies, antigens, immune complexes, and other immunological 

mediators from the blood is the function of plasmapheresis in AIED. As an adjuvant treatment for primary AIED patients with elevated 

antibody titers or secondary AIED patients with coexisting systemic autoimmune illness, plasmapheresis may be useful in steroid-

resistant instances. [67] For adults, the first course of treatment is a 4-week therapeutic trial of 60 mg of prednisone per day. Patients 

who do not respond to steroid treatment are quickly weaned off of the medication over a period of one to ten days. During a one-month 

period, patients who do react to treatment are tapered more gradually. [68] Typically, the first treatment trial for prednisone involves an 

oral dose of 1 to 2 mg/kg/d for 4 weeks. Patients who show improvement should continue for an additional 1-2 months before a gradual 

taper is implemented. Due to the substantial morbidity linked to prolonged systemic steroid use, transtympanic steroid injection is 

becoming more and more popular as a therapy option. Potential benefits include the absence of systemic levels with elevated cochlear 

fluid levels and ease of administration. [69] It has also been discovered that methotrexate, a folic acid antagonist, is an effective treatment 

with fewer possible long-term systemic side effects than steroids [70]. One possible treatment option is plasmapheresis, particularly if 

hearing loss persists after the use of the most effective medicinal treatments. [71] 

FUTURE DIRECTION  

Finding more precise biomarkers and creating standardized diagnostic standards should be the top priorities of future studies. By 

combining proteomic, metabolomic, and genomic research, new diagnostic indicators may be found and a deeper understanding of the 

pathophysiology of AIED facilitated. Further improving diagnosis accuracy may also be possible by developing imaging methods and 

investigating the function of immune profiling. The validation of these methods and the establishment of consensus guidelines for the 
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diagnosis and treatment of AIED depend on cooperative, multicenter investigations. [62] In order to create a more dynamic and 

individualized treatment plan for every patient, mobile tablet audiometry—using an iPad audiometer—has become a dependable method 

of tracking a patient's clinical development over time. [64] 

 

CONCLUSION 

A clinical diagnosis of exclusion is essential to the diagnosis of autoimmune inner ear disease (AIED), which is still a complicated and 

difficult disorder. No one pathognomonic test has gained widespread acceptance despite substantial research into serologic biomarkers, 

sophisticated imaging, and genomic profiling. Progressive sensorineural hearing loss, ruling out other causes, and a favorable reaction 

to corticosteroid treatment are still the three criteria used to make the current diagnosis. Significant limitations in our knowledge of its 

pathogenesis are highlighted by the variability of suggested biomarkers and inconsistent treatment outcomes. In the future, it will be 

crucial to develop precise, confirmed diagnostic criteria and find trustworthy biomarkers using integrated multi-omics techniques. In 

order to incorporate these new diagnostic techniques into clinical practice, further cooperative, multicenter research is crucial. This will 

eventually allow for earlier intervention and enhance long-term patient outcomes. 

Future initiatives ought to concentrate on: 

• Creating uniform diagnostic standards,   

• Confirming particular biomarkers by multi-center research,   

• Using multi-omics techniques to identify disease processes,  

• Create tailored treatments with better safety records.  

 

 

ABBREVIATIONS 

 AIED – Autoimmune Inner Ear Disease 

 SNHL – Sensorineural Hearing Loss 

 SLE – Systemic Lupus Erythematosus 

 ANAs – Antinuclear Antibodies 

 PRISMA – Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

 MRI – Magnetic Resonance Imaging 

 CT – Computed Tomography 

 Gd – Gadolinium 

 FLAIR – Fluid-Attenuated Inversion Recovery 

 HLA – Human Leukocyte Antigen 

 IL-1R – Interleukin-1 Receptor 

 BPPV – Benign Paroxysmal Positional Vertigo 

 OHC – Outer Hair Cell 

 RC – Recurrent Chondritis 

 MD – Meniere’s Disease 

 MCTD – Mixed Connective Tissue Disease 

 aCL – Anticardiolipin Antibodies 

 AECA – Anti-Endothelial Cell Antibodies 

 WBC – White Blood Cells 

 ESR – Erythrocyte Sedimentation Rate 

 CRP – C-Reactive Protein 

 TNF-α – Tumor Necrosis Factor Alpha 

 CMV – Cytomegalovirus 

 BDNF – Brain-Derived Neurotrophic Factor 

 HSP – Heat Shock Proteins 

 ASCA – Anti-Saccharomyces cerevisiae Antibodies 

 iNOS – Inducible Nitric Oxide Synthase 

 Nrf2 – Nuclear Factor Erythroid 2–Related Factor 2 

 CAEP – Cortical Auditory Evoked Potential 

 ABR – Auditory Brainstem Response 

 fMRI – Functional Magnetic Resonance Imaging 

 TTS – Temporary Threshold Shift 

 OAE – Otoacoustic Emissions 

 NIHL – Noise-Induced Hearing Loss 

 EvestG – Electrovestibulography 

 FFR – Frequency Following Response 

 ROIs – Regions of Interest 

 CTP – Cochlin-Tomoprotein 

 OCEBM – Oxford Centre for Evidence-Based Medicine 
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