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Abstract 

There is an immediate need for additional research into the pathophysiology of otitis media because it 

is still a leading cause of antibiotic prescriptions, surgeries, and outpatient visits in India. However, 

new therapies for the prevention and treatment of this disorder have not been developed. Acute otitis 

media, chronic otitis media, and tympanostomy tube implantation have all recently had new therapy 

recommendations released. This article discusses exciting new technology that are being studied for 

innovative methods to improve the diagnosis of otitis media. New insights into genetics and mucosal 

immunology have shed light on the pathophysiology behind otitis media propensity. Treatment options 

for this condition could improve greatly as a result of future research into changing these 

pathophysiologic underpinnings, maybe by means of trans tympanic medication delivery devices. New 

methods for studying the causes, symptoms, and treatments of otitis media have made great strides in 

recent years. Clinical practice is anticipated to include strategies aimed at substantially altering the 

illness's diagnosis and treatment during the next few years.  

 
Keywords: Mucin MUC5B, optical coherence tomography, otitis media diagnosis, otitis media 

guidelines 

 

Introduction 

In otitis media (OM), an infection causes inflammation in the middle ear cleft and fluid to 

leak into the middle ear; this condition may occur with or without tympanic membrane 

rupture [1-2]. In India, the prevalence rates of ASOM range from 17–20%, CSOM from 7.8%, 

and OME from an unknown source [3]. Middle ear effusion (MEE) and sudden development 

of infection in the middle ear are symptoms of acute otitis media (AOM). Common 

symptoms include fever and otalgia, which are indicators of an infection. Chronic mucoid 

effusion without fever or otalgia is the hallmark of otitis media with effusion (OME) [4]. With 

80% of children having had OME by the time they are 10 years old, it is clear that this 

ailment is rather common. Emergence of new-onset OME may occur when the inflammatory 

process subsides but MEE continues after an AOM [5]. The most prominent sign of chronic 

semi-otitis media (CSOM), which is defined as inflammation of the middle ear and mastoid 

cavity, is the presence of persistent or recurrent ear discharge via a ventilation tube or a hole 

in the tympanic membrane [6]. When CSOM affects the ossicles in the middle ear, it causes 

conductive hearing loss. It also increases the likelihood of neurological issues and 

sensorineural hearing loss, which is a kind of permanent hearing loss caused by damage to 

the inner ear [6]. This disease is more common in countries with low or medium incomes, 

while its incidence varies substantially among countries [7]. 

 

Aetiopathogenesis 

Role of Eustachian tube  

Extremely important is the fact that the ET continues to malfunction in newborns even after 

the first AOM assault has passed. The ET plays a vital role in determining the likelihood of 

AOM's recurrence since their main duties include protecting, cleaning, and ventilating the 

middle ears. The tensor velum platinum muscle contracts every time the middle ear 

deglutitive, allowing air to equalize with ambient pressure and ventilating the middle ear. 

When the external auditory tube (ETT) becomes clogged, a negative pressure rises inside the 

middle ear, leading to effusion and aspiration of secretions from the nose and throat. The 

ability of polymorphonuclear cells to destroy germs is diminished when there is inadequate 

ventilation, which leads to a decrease in PO2. The middle ear becomes infested with aerobic
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 and anaerobic microbes due to impaired clearance. When 

the ET becomes abnormally flaccid and less compliant, 

however, reflux otitis occurs [8-9]. In young children, ET 

dysfunction is a major problem because to the small 

diameter and horizontal orientation of the ET, which causes 

a high incidence of AOM and several relapses of each viral 

infection. Damoiseaux et al. [10] included 210 AOM patients 

less than 2 years old in their prospective study, and the poor 

long-term prognosis was explained by this. 

 

Role of bacteria and virus  
During the first year of life, newborns typically get RSV 

(respiratory syncytial virus). A prospective study [11] 

included 42 babies with bronchiolitis, ranging in age from 2 

months to 24 months. Of them, 26 developed AOM either at 

enrollment or within 10 days, and 10 had OME. From the 

whole group of patients observed for three weeks, just six 

were able to avoid both AOM and OME. A more recent 

research corroborated these findings when it showed that 

31% of patients with middle ear effusions that still 

contained RSV antigen returned after receiving effective 

treatment for their first episode of AOM [12]. Seventy 

percent of AOM patients may have microbes found in their 

middle ear fluid when the test is conducted [9]. The two most 

common types of bacteria found in human samples are 

Streptococcus pneumoniae and Haemophilus influenzae [13]. 

Important facts about the bacteria causing AOM could be 

revealed by nasopharyngeal aspirate culture [14–17]. 

 

Other risk factors  

Due to their immature immune systems, young children are 

unable to combat encapsulated pathogens. Because of this, 

not only does ET dysfunction explain AOM's long duration, 

but too explains the significant likelihood of recurrence. 

Additional risk factors include being a smoker, having 

younger siblings in the household, and a family history of 

AOM. In a 1997 publication of a prospective study on 2,253 

children aged 2 months to 2 years, these traits were found 
[18]. At the 12-month mark, 79% of patients had OME, 

whereas at the 24-month mark, 91% did. Lower 

socioeconomic status and frequent exposure to other 

children at home or at day care facilities were the most 

significant risk factors. The results were unaffected by 

breastfeeding or being around cigarette smoke. 

 

Signs and symptoms of Otitis Media  

Only half to two-thirds of children with AOM report 

experiencing ear discomfort, despite it being the most 

prevalent symptom [19, 20]. Preverbal children may 

experience ear pain more acutely if they are pulled, stroked, 

or held, if they cry for an extended period of time, or if their 

sleep or activity patterns alter [21]. Symptoms such as nausea, 

vomiting, fever, and lack of specificity do not differentiate 

between URTI and AOM in children [22]. MEE is critical for 

the diagnosis of AOM and OME; without it, neither disorder 

can be determined [21]. Overdiagnosis of AOM is common, 

and one reason for this is the difficulty in confirming MEE 

in primary care settings [23-25]. Possible causes of ear 

discharge or visible discharge in the external ear canal 

include acute otitis externa, chronic stenosis of the middle 

ear (CSOM), acute tympanic membrane perforation (AOM), 

or draining ventilation tubes (ASVT). One important feature 

that may be noticed by otoscopy to diagnose AOM is a 

bulge of the tympanic membrane [21]. 

Diagnostic Modalities 

In order to diagnose AOM, an otoscopy is performed. To 

further assess the illness, a symptom severity scale may be 

used. Pneumatic otoscopy is the gold standard for 

diagnosing OME, with otomicroscopy and tympanometry 

rounding out the panel. Parents have the option to assess 

MEE using acoustic reflectometry. While otoscopy or 

otomicroscopy may detect CSOM-related tympanic 

membrane perforation, suctioning out ear discharge may be 

necessary for precise visualization. The main diagnostic 

method for OME is pneumatic otoscopy because to its 

strong diagnostic accuracy [26]. Due to the typical 

appearance of the tympanic membrane and the moderate or 

nonexistent nature of ear-related symptoms, otoscopy alone 

may fail to detect OME in the absence of a pneumatic bulb. 

Contrarily, pneumatic otoscopy helps avoid false diagnoses 

of OME caused by anomalies in the tympanic membrane 

surface that do not include MEE [26]. Pneumatic otoscopy 

improves diagnostic accuracy in comparison to otoscopy 

alone [28–29] and is a strong predictor of otomyositis media 

efficacy [20, 27]. The therapeutic uses of pneumatic otoscopy 

do, however, differ by locale. Training medical residents in 

pneumatic otoscopy is challenging [21], but it may be made 

better using a structured computer software that incorporates 

both static and moving images of the tympanic membrane 
[24]. Tympanometry enables the objective measurement of 

middle ear function as well as tympanic membrane 

movement [30]. When compared to pneumatic otoscopy, 

tympanometry has a lower specificity (50–75% vs. 80%), 

but it is just as sensitive (range: 90–94%) in diagnosing 

OME [31]. Although tympanometry is more successful and 

easier to use than pneumatic otoscopy in treating OM in 

children, problems with equipment cost and training make it 

difficult to implement in primary care settings [32]. Another 

measurement obtained by tympanometry is the amount of 

air in front of the probe. In children, this normally ranges 

from 0.3 to 0.9 ml. It is recommended to use a 1,000 Hz 

probe tone for newborns less than 6 months of age while 

doing tympanometry, since the 226 Hz tone is not 

responsive to MEE [33]. 

 

Symptoms severity scale for AOM  
Several validated parent-reported symptom measures have 

been developed to assess the severity of AOM. There are 

seven items on the AOM Severity of Symptoms Scale 

(AOMSOS), and the answer possibilities range from "no," 

"a little," or "a lot" for the frequency of fever [34], irritability, 

trouble sleeping, trouble eating, ear pain, and ear tugging 

within the past twelve hours. Although children with normal 

ears may also exhibit some or all of these symptoms to 

varying degrees, the aggregate AOMSOS score may 

differentiate between children with and without AOM. One 

alternative measure of severity, the AOM Faces Scale 

(AOMFS), uses a seven-point scale with 1 representing no 

difficulty at all and 7 representing a major one [35].  

 

Acoustic Reflectometry  

The quantity of sound that is reflected off the tympanic 

membrane is measured by acoustic reflectometry; a higher 

reflectivity is associated with a higher chance of middle ear 

explosion (MEE) [36]. Compared to tympanometry, it has a 

number of benefits, such as being easy to use, not requiring 

a hermetic seal, and being available in an economical 

consumer form [37]. In order to keep tabs on their child's 
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 middle ear health, parents may use these features. Other 

tests show that reflectometry is not as sensitive or specific. 

Due to its high specificity and negative predictive values, 

reflectometry is superior than tympanometry in eliminating 

MEE in children.  

 

Image-Based Ultrasound 

Optical coherence tomography (OCT) is a noninvasive 

imaging technique that detects changes in human tissues in 

real time. With a low-intensity light source, it creates 2D 

and 3D structure photographs with resolution on the micron 

scale. Because fluid particles scatter the imaging signal, the 

resulting image of reflected light may be utilized to 

determine fluid properties and differentiate between fluid 

and air [38]. 

 

Management 

The misuse of antibiotics in modern times is leading to an 

increase in bacterial resistance. Antibiotics are prescribed by 

the American Academy of Pediatrics (AAP) for children 

less than 2 years old with a severe sickness (fever > 39.8 

degrees, considerable otalgia, or toxic appearance) or a 

bilateral infection. Recent studies have shown that 

antibiotics are effective in alleviating symptoms and 

illnesses in these cases [39–40], with 10 days of treatment 

being better than 5 [41]. In cases when the patient's age 

exceeds 2, their otitis media is not severe, or if the diagnosis 

is uncertain, "watchful waiting" is recommended. The first 

line of treatment usually involves a high dosage of 

amoxicillin (90 mg/kg). If your kid is allergic to amoxicillin, 

there are two great oral cephalosporin alternatives: cefdinir 

and cefuroxime. If symptoms do not improve after 72 hours, 

it is recommended to administer injectable ceftriaxone or a 

high-dose of amoxicillin-clavulanate. As an alternative to 

cephalosporins, patients with severe type I penicillin 

allergies should use clindamycin (30-40 mg/kg daily, 

divided into three doses) [42]. When AOM keeps happening, 

myringotomy should be considered. The latest guidelines 

state that if a patient has had three episodes in the last six 

months or four events in the last year, and if a neurologist or 

otolaryngologist finds middle ear effusion (MEE) in either 

ear during the examination, tubes should be put [43]. After 

three months, OME usually improves without any further 

treatment. If MEE continues for more than three months, a 

referral to an otolaryngologist and a hearing test will be 

required. When OME persists for more than three months, 

surgical intervention may be necessary. This is particularly 

true for children who are at increased risk for other 

developmental delays, including Down syndrome, autism, 

late language acquisition, permanent hearing loss, 

craniofacial abnormalities, blindness, or any combination of 

these conditions. According to the guidelines made in 2016, 

children should be tested every three to six months until the 

MEE is no longer present. Antibiotics should not be given 
[26]. Other than placebo and spontaneous remission, no 

nonsurgical therapies for MEE have been shown to be more 

effective at this time. Therefore, new therapeutic approaches 

are urgently needed to lessen the surgical burden on young 

children. Infections, delayed speech development, hearing 

loss, and the risk of middle ear damage in the long run are 

all signs of chronic otitis media (COM) [44–46]. Research has 

shown that topical quinolones are more effective than 

topical antiseptics, systemic antibiotics, and no 

pharmaceutical treatment in eliminating CSOM-related 

auditory discharge in the short term (less than four weeks) 
[47-48]. The advantage of quinolones is that they are not 

ototoxic [49], however, there is currently equivocal data 

comparing the effectiveness of eardrops containing 

quinolones to those without [48]. Based on the little study that 

has been conducted, it seems that patients with CSOM 

would not have any greater benefit from a combination of 

systemic and topical antibiotics compared to topical 

antibiotics alone [47]. According to two reviews that 

compared two different autologous graft materials—i.e., 

temporalis muscle fascia tympanoplasty and cartilage 

tympanoplasty—to repair tympanic membrane perforation, 

the former resulted in fewer postoperative perforations and 

no differences in hearing. Novel, noninvasive treatments for 

otitis media may be on the horizon, thanks to recent 

advances in our knowledge of the immunologic pathways 

that drive the disease's growth. In order to describe MEE, 

unbiased large-scale proteome profiling was used, which 

revealed that the primary mucin glycoprotein found in COM 

effusions is MUC5B [52]. Also, several neutrophil 

extracellular traps (NETs) that connect with MUC5B were 

the primary macromolecular components of MEE [53]. 

Muc5b null mice have severe, spontaneous middle ear and 

upper airway infection [54], demonstrating that Muc5b is 

essential for defense of the middle ear and upper airway. 

Interestingly, there has been a recent association between 

mutations in the fucose transferase FUT2 gene and an 

increased chance of developing otitis media (55). This 

finding raises the idea that mucin glycosylation impacts 

innate immune responses in the middle ear. Although NETs 

and MUC5B serve as beneficial antimicrobial defense 

structures, it is crucial to promptly remove them from 

airway surfaces in order to prevent the harmful effects of 

inflammation [56-57]. In some cases, bacteria are able to 

persist despite bactericidal antibiotic treatment or elude 

immune responses because middle ear NETs may integrate 

into bacterial biofilms [58]. One new approach to treating 

chronic otitis media is to remove middle ear NETs using 

DNAse treatment [59]. 

 

Transtympanic drug delivery  

If children could be effectively medicated transtympanicly 

without undergoing surgery, systemic antibiotics, pain, or 

general anesthesia, the current treatment for AOM or 

COME would be much improved, if not revolutionized. 

When treating AOM, it is possible to topically apply higher 

doses of antibiotics to the middle ear without worrying 

about systemic adverse effects. Potentially available 

medications in COM or CSOM could target mucin 

viscosity, biofilms, or NETS. There have been several 

developments in the field of transtympanic drug delivery 

techniques in recent years. Perhaps the most well-

established approach showing safety and effectiveness in 

chinchilla models is the application of chemical 

permeability augmentation agents to allow the filtration of 

drugs, such antibiotics, into the ear. A new approach has 

been published that demonstrates the active delivery of 

small molecules (or drugs) into the middle ear in ex-vivo 

mice [61]. Finally, a transtympanic method has been 

proposed by some researchers [62] that involves using 

magnets to propel magnetic nanoparticles encased in drugs 

across the tympanic membrane. In the next years, clinical 

trials will likely use one or more of these strategies. 
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 Conclusion  

Research into novel methods for the detection, evaluation, 

and treatment of otitis media has made great strides in recent 

years. Approaches of drastically altering the disease's 

diagnosis and treatment are anticipated to be implemented 

into clinical practice over the next several years. 
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