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Abstract:

Otitis Media with Effusion (OME) is characterized by the presence of middle ear fluid without signs of acute infection and is
primarily associated with Eustachian tube (ET) dysfunction. In children, ET immaturity, impaired middle ear ventilation, and
inflammatory conditions contribute to negative pressure and fluid accumulation. Younger age, particularly under seven years,
is a major risk factor due to anatomical and immunological immaturity. Additional predisposing factors include bottle feeding,
pacifier use, daycare attendance, exposure to secondhand smoke, allergic rhinitis, and recurrent upper respiratory tract infections.

Diagnosis is often subtle and relies on otoscopy, tympanometry, and audiological assessment. Tympanometry remains the gold
standard for detecting effusion, while audiometry typically demonstrates fluctuating conductive hearing loss, predominantly
affecting low frequencies. OME may negatively impact speech and language development, academic performance, and
behavior, particularly when hearing loss is persistent or asymmetric.

Most cases resolve spontaneously within three months; therefore, initial management focuses on observation, hearing
monitoring, and modification of risk factors. Surgical intervention with ventilation tube insertion is recommended for persistent
OME lasting longer than three months when associated with significant hearing loss or documented speech and learning
difficulties. Early identification and appropriate management are essential to prevent long-term auditory, cognitive, and
linguistic consequences.
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Introduction

Otitis media with effusion (OME) is defined as the presence of fluid
within the middle ear (ME) in the absence of local or systemic signs of
acute infection typically associated with acute otitis media (AOM), such
as otalgia, fever, or overt inflammatory changes [1-5]. In this condition,
fluid accumulates in the tympanic cavity without the characteristic
clinical features of active infection, often resulting in a subtle or
asymptomatic presentation. OME is widely regarded as the maximal
expression of Eustachian tube (ET) dysfunction, as the likelihood of
effusion formation increases proportionally with the degree of negative
pressure within the ME [3].

Children younger than seven years are at increased risk for developing
both OME and AOM, primarily due to immaturity of the immune system
and ET dysfunction [6]. Following an episode of AOM, persistence of
ME effusion is common, with fluid present in approximately 70% of cases
after two weeks, 40% after one month, 20% after two months, and 10%
after three months, until normal ME aeration is restored [7].
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Immunological immaturity plays a central role in this susceptibility.
Humoral immunity reaches near adult levels for immunoglobulin G (1gG)
by approximately five to six years of age, whereas other antibody classes,
including IgM and IgA, mature later, typically between 10 and 12 years
[8]. Cell-mediated immunity, including T-cell function, stabilizes around
six to seven years of age, although T-cell receptor diversity continues to
develop throughout adolescence [9]. In addition, mucosal immunity—
particularly secretory IgA—may not reach full maturity until late
childhood, contributing to prolonged inflammatory responses and delayed
resolution of ME effusion [10].

There is substantial clinical and experimental evidence supporting the
critical role of ET function in maintaining normal hearing and ME
homeostasis, and ET dysfunction is recognized as a key causal factor in
the development of otitis media [11]. Gas exchange across the ME
mucosa is the primary mechanism regulating ME pressure, while the ET
acts as a dynamic valve, releasing excessive positive pressure and actively
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equalizing negative pressure through muscular opening [12].
Inflammatory processes that alter mucosal thickness, vascular
permeability, and blood flow impair gas diffusion across the ME mucosa,
thereby disrupting pressure regulation and promoting effusion formation
[10,13].

Failure of the ET to adequately perform its essential functions—pressure
regulation, secretion clearance, and protection of the ME—Ileads to the
development of negative ME pressure due to insufficient ventilation [13].
This negative pressure promotes transudation of intravascular fluid into
the interstitial space and subsequently into the ME lumen, a process
strongly associated with effusion formation [14]. However, effusion may
also develop in the absence of markedly negative pressure, particularly
following inflammatory insults mediated by pro-inflammatory cytokines
[20]. Persistent negative pressure and chronic ET dysfunction may result
in tympanic membrane (TM) retraction, ME atelectasis, and, in advanced
cases, TM perforation with epithelial migration and cholesteatoma
formation [15].

This progressive pathological sequence is described by the Continuum
Theory, which proposes that otitis media evolves along a continuous
spectrum from serous or purulent inflammation to seromucoid, mucoid,
and ultimately chronic disease if spontaneous resolution or effective
treatment does not occur [15]. Structural and histological changes in the
epithelial and subepithelial layers of the ME are believed to drive this
progression, with luminal effusion caused by sustained negative pressure
representing one of the earliest markers of disease [21]. From this point
onward, the subepithelium and later the epithelium respond to the adverse
environment with histological modifications that may become irreversible
and define the long-term pathological course [15].

Anatomical characteristics of the pediatric ET further contribute to this
vulnerability. The ET undergoes significant growth throughout
childhood, with a linear increase in cartilage volume of approximately 20
mm3 per year until early adulthood [16]. Adult ET length is nearly twice
that observed before seven years of age [17]. In young children, the ET is
also more horizontally oriented, with angles as low as 10°, compared with
30-45° in adults, facilitating reflux of nasopharyngeal secretions and
pathogens into the ME [18]. This anatomical configuration reduces the
mechanical efficiency of the tensor veli palatini muscle and increases
susceptibility to ME inflammation and infection. Additional features—
including a narrower ET lumen, higher cartilage cell density with reduced
elastin content, smaller Ostmann’s fat pad, and increased mucosal folds—
further compromise ET function in children and predispose them to ME
pathology [17].

Chronic  inflammatory  conditions such as allergic disease,
laryngopharyngeal reflux, or incomplete resolution of AOM may
perpetuate ET dysfunction, maintaining a negative pressure environment
within the ME [18]. Prolonged ET dysfunction promotes continued
transudation of fluid from the mucosa and movement of intravascular
fluid into the ME lumen, thereby sustaining effusion and increasing the
risk of chronic disease [19].

Predisposing Factors for Acute Otitis Media and Progression to Otitis
Media with Effusion

Several environmental, behavioral, and inflammatory factors predispose
children to acute otitis media (AOM) and may contribute to the
persistence of middle ear effusion and progression to otitis media with
effusion (OME). Artificial feeding is a well-established risk factor, as
infants who are not breastfed or are exclusively bottle-fed present a higher
incidence of both AOM and OME [21,22]. Bottle-feeding is commonly
associated with a more horizontal feeding position, which facilitates
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reflux of milk into the Eustachian tube (ET), increasing the likelihood of
fluid and pathogen entry into the middle ear. In addition, the absence of
protective immune components found in breast milk—particularly
secretory immunoglobulin A (IgA)—reduces mucosal defense against
respiratory and middle ear infections [22].

Oral habits, including pacifier use and digit sucking, have been associated
with an increased risk of AOM through their impact on oropharyngeal
pressure dynamics and ET function [23]. Pacifier use is linked to a 20—
30% higher risk of AOM and may promote disease through several
mechanisms, including bacterial contamination of pacifier surfaces,
which favors nasopharyngeal colonization by pathogens such as
Streptococcus pneumoniae, and reduced spontaneous swallowing, a
physiological trigger for ET opening and middle ear pressure equalization
[23]. Digit sucking may exert similar effects, although the available
evidence supporting this association is less robust [23].

Early exposure to respiratory pathogens represents another important risk
factor. Children attending daycare centers or group childcare settings
experience two to three times more episodes of AOM during their first
year of life compared with those cared for at home [24]. This increased
susceptibility is closely related to group size and higher rates of
transmission of common pathogens, including Streptococcus pneumoniae
and Haemophilus influenzae, leading to recurrent upper respiratory tract
infections and sustained nasopharyngeal colonization [24].

Passive exposure to tobacco smoke is strongly associated with both AOM
and OME, increasing the risk by approximately 30-50% [25].
Secondhand smoke impairs ciliary function within the ET, compromising
secretion clearance and middle ear ventilation, while simultaneously
increasing nasopharyngeal colonization by pathogenic bacteria. In
addition, tobacco smoke exacerbates inflammation of the respiratory
mucosa, creating a favorable environment for recurrent infection and
persistent effusion [25].

Inflammatory conditions of the upper airway, particularly allergic rhinitis,
play a significant role in ET dysfunction and effusion development.
Nasopharyngeal mucosal edema caused by allergic inflammation can
obstruct the ET, impair middle ear ventilation, and promote fluid
accumulation [26]. Children with allergic rhinitis have an approximately
1.8- to 2-fold increased risk of developing OME, especially in cases of
persistent disease, due to chronic nasopharyngeal inflammation and
ongoing ET dysfunction [26,27]. Chronic nasal obstruction, frequently
associated with adenoid hypertrophy, may also lead to habitual mouth
breathing, which alters oropharyngeal pressure patterns and further
compromises ET function [29].

The association between swimming and OME remains controversial.
Some evidence suggests that frequent exposure to chlorinated pool water
may irritate the upper airways, particularly in atopic children,
predisposing them to nasopharyngeal inflammation and subsequent ET
dysfunction [28]. Finally, recurrent viral upper respiratory infections,
including those caused by respiratory syncytial virus and rhinovirus,
induce inflammation of the ET mucosa and facilitate secondary bacterial
colonization of the nasopharynx, thereby increasing the risk of OME
development [30].

Middle Ear Ventilation and Diagnostic Assessment

Middle ear (ME) ventilation is a dynamic process, as ME aeration
conditions fluctuate over time rather than remaining constant. Accurate
assessment of these variations is essential for the diagnosis and
monitoring of otitis media with effusion (OME), particularly in children,
in whom clinical manifestations are often subtle [3].
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Clinical evaluation alone is frequently insufficient for diagnosing OME.
The condition predominantly affects children under seven to eight years
of age and is commonly associated with nonspecific symptoms, including
attention and concentration difficulties, learning problems, hyperactivity,
and behavioral changes. Subjective auditory complaints such as hearing
loss, aural fullness, or tinnitus are uncommon in this age group [3].
Potential consequences of persistent OME include delayed speech and
language development, articulation errors, and poor academic
performance, underscoring the importance of objective assessment
methods [3].

Otoscopy remains an essential component of the diagnostic evaluation,
allowing visual inspection of the tympanic membrane (TM).
Conventional otoscopy, pneumatic otoscopy, fiber-optic or video
otoscopy, and microscopic examination may all be used to assess TM
appearance and mobility. In OME, the TM typically appears opaque and
thickened, with an absent or diffuse light reflex; it may be retracted and
may show air bubbles or fluid levels ranging from clear to yellow or rust-
colored [3]. Pneumatic otoscopy can provide indirect information
regarding TM and ossicular chain mobility. However, otoscopy is
inherently subjective and does not allow precise determination of ME
pressure. Regardless of the technique used, otoscopic findings can only
suggest normal or abnormal ME status and cannot accurately quantify ME
aeration [3].

Audiological assessment is therefore a critical component of OME
evaluation and should be tailored to the child’s age and level of
cooperation. Whenever possible, testing should be performed by an
experienced speech-language pathologist or audiologist with expertise in
pediatric assessment. Behavioral hearing evaluation may be used in
younger children, while conditioned audiometry, speech detection
thresholds, and air- and bone-conduction threshold testing with
headphones can be performed in older children, including those as young
as three to four years of age. Even small air—bone gaps should be carefully
interpreted, as they may reflect clinically significant conductive hearing
loss associated with ME effusion [3].

Among audiological tools, acoustic immittance testing (tympanometry)
plays a central role. Tympanometry is a noninvasive, objective, and rapid
examination and may be the only feasible test in very young children. It
provides quantitative information about ME aeration by measuring ME
pressure. Normal aeration is characterized by a Type A tympanometric
curve (0 to —100 daPa), negative ME pressure by a Type C curve (<—100
daPa), and the presence of effusion by a flat Type B curve, typically
observed at pressures between —400 and —600 daPa [31]. By translating
otoscopic impressions into numerical values, tympanometry serves as
both a diagnostic and monitoring tool. Serial tympanometric
measurements allow precise assessment of disease progression or
resolution by documenting whether ME aeration remains stable,
deteriorates, or improves over time [31].

Assessment by a speech-language pathologist is also fundamental, as it
evaluates speech and language acquisition and helps guide therapeutic
decision-making. A normal speech and language evaluation may suggest
recent-onset OME that has not yet caused developmental impairment,
allowing for a more conservative medical approach. In contrast, abnormal
findings indicate interference with learning and communication processes
and warrant timely intervention to minimize long-term consequences.
Optimal hearing is critical for oral language acquisition, and early
childhood represents a sensitive period during which auditory “windows
of opportunity” open and close rapidly, making early diagnosis and
appropriate management essential [31].

Prevention Priorities in Otitis Media with Effusion

Auctores Publishing LLC — Volume 34(1)-1041 www.auctoresonline.com
ISSN: 2690-4861

Copy rights@ Manoel de Nobrega,

Preventive strategies in OME focus on minimizing both local middle ear
damage and the functional consequences of auditory impairment.
Persistent negative ME pressure may lead to structural alterations,
including horizontalization of the malleus handle, retraction pocket
formation, mucosal changes within the ME, and, in advanced cases,
cholesteatoma development secondary to TM retraction. Although less
common, long-standing disease may also contribute to sensorineural
hearing loss [31].

Equally important is the prevention of auditory dysfunction caused by
sound attenuation and distortion. In OME, negative ME pressure is not
static but fluctuates over time, resulting in variable and unpredictable
hearing levels. For children in critical stages of oral language
development, this auditory instability can be particularly harmful, leading
to delayed speech and language acquisition, restricted vocabulary growth,
and poor academic performance. Psychosocial and behavioral
consequences may also emerge, including social withdrawal, reduced
auditory attention, difficulty following instructions, poor concentration,
and compensatory hyperactivity or restlessness. In some cases, motor
coordination problems, such as clumsiness or frequent falls, may occur,
potentially related to vestibular dysfunction or attentional deficits [31].

Severity of Hearing Loss and Psychosocial Impact in Otitis Media
with Effusion

The hearing loss associated with otitis media with effusion (OME) is
typically conductive, bilateral, and of mild to moderate degree, with
average thresholds ranging from 18 to 35 dB HL at frequencies critical
for speech perception [32]. Although often labeled as “mild,” this level of
hearing loss has clinically significant consequences, particularly in noisy
domestic and educational environments. Children with OME frequently
demonstrate impaired word recognition, especially in acoustically
challenging settings such as classrooms, where background noise and
reverberation are common [32].

Between the ages of 6 and 11 years, children with hearing thresholds
within this range show significantly poorer cognitive, linguistic, and
reading skills compared with peers who have better hearing sensitivity
[33]. These findings highlight that the functional impact of OME-related
hearing loss extends well beyond simple audibility deficits.

Functional Impact According to Degree and Configuration of
Hearing Loss

Minimal hearing loss (16-25 dB HL) is associated with difficulty
perceiving distant or soft speech, such as a teacher’s voice at distances
greater than one meter. In noisy classrooms, this degree of loss may result
in the omission of approximately 10% of the speech signal, which is
particularly detrimental during early school years when verbal instruction
predominates [32].

Mild hearing loss (26-40 dB HL) leads to more pronounced speech
perception deficits, with losses of approximately 25-40% of speech
information at thresholds around 30 dB HL, increasing to as much as 50%
at thresholds between 35 and 40 dB HL. High-frequency consonants are
especially affected. In the absence of amplification, children with mild
hearing loss often struggle during group discussions, particularly when
speakers are not facing them or when the listening environment is
reverberant or noisy [32].

Unilateral hearing loss, characterized by normal hearing in one ear and
minimal to mild loss in the other, also carries important functional
consequences. These children experience deficits in sound localization
and significant difficulty understanding speech in noise, particularly in
classrooms where the signal of interest may originate from different
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directions. Speech presented on the affected side may be poorly detected
even at normal conversational levels [32].

Fluctuating Conductive Hearing Loss in OME

A defining characteristic of OME-related hearing loss is its fluctuation
over time. Negative middle ear (ME) pressure resulting from Eustachian
tube dysfunction leads to hearing loss that varies in severity, improving
or worsening as ME aeration changes. In addition to attenuation, negative
pressure causes sound distortion, which also fluctuates and further
compromises speech perception. Importantly, negative ME pressure
invariably produces some degree of conductive hearing loss [34].

Classic experimental work by Feldmann [34] demonstrated that a
negative ME pressure of approximately —100 daPa (or —100 mmH-O)
results in a conductive hearing loss of about 5 to 10 dB, predominantly
affecting low frequencies below 1 kHz. This occurs due to reduced
efficiency of sound transmission through the ossicular chain. When ME
pressure reaches —400 daPa, hearing loss becomes more pronounced,
potentially ranging from 15 to 25 dB, again mainly at low frequencies. At
this level, increased tension of the tympanic membrane and stiffness of
the tympano-ossicular system further impair sound transmission [35].

Clinically, a child with bilateral hearing thresholds around 28 dB due to
OME may struggle to hear soft speech, barely perceive normal
conversational speech, or fail to detect salient sounds such as a crying
infant [35]. These examples illustrate that the real-life impact of “mild”
conductive hearing loss can be substantial.

Developmental and Cognitive Consequences

The functional impact of mild hearing loss is consistently underestimated.
Children aged 6 to 11 years with pure-tone averages between 15 and 30
dB HL demonstrate significantly poorer cognitive, linguistic, and reading
abilities than children with better hearing thresholds [36]. The degree of
hearing loss associated with OME may range from no measurable loss to
moderate loss, reaching levels as high as 55 dB HL in some cases [36].
Although the average hearing loss in children with OME is approximately
28 dB, nearly 20% exhibit thresholds of 35 dB or greater [37,38].

The first and second years of life represent critical periods for speech,
language, and cognitive development. Any degree of hearing loss during
these sensitive windows may have long-lasting consequences, including
poorer academic performance later in childhood [37-39]. Fluctuating
hearing loss caused by OME during the first year of life degrades the
quality of auditory input, particularly speech signals. Early auditory
deprivation may lead to altered perception of the linguistic code, resulting
in inadequate phonological representation and impaired early language
acquisition.  Additional consequences include atypical auditory
electrophysiological and psychoacoustic processing, attention and
behavioral difficulties, deficits in auditory selective attention, higher-
order auditory processing disorders, and reading difficulties. These
effects may be further compounded by genetic susceptibility and
environmental factors such as parental interaction and stimulation
[37,38].

Psychosocial and Neurodevelopmental Effects

From a neuropsychological perspective, Chase [41] evaluated infants with
otitis media and observed their interactions with caregivers. The study
demonstrated that children with more frequent episodes of otitis media
were less attentive, less responsive during structured parent—child
interactions, and more likely to exhibit irregular sleep patterns, feeding
difficulties, and delayed sphincter control. Parents were also affected,
experiencing poorer sleep quality, which reduced their capacity to provide
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structured learning activities and to sustain their child’s attention during
interactions.

Longitudinal data from Hall, Munro, and Heron [42], derived from the
Avon Longitudinal Study of Parents and Children (ALSPAC), further
elucidate the developmental impact of OME. This large cohort study
assessed developmental changes in speech recognition thresholds (SRT)
between 2 and 5 years of age in children with different otitis media
statuses. In children without otitis media, mean SRT improved by
approximately 5 dB between 31 and 43 months and between 31 and 61
months, reaching an average of 23 dB at five years of age and improving
further to a mean adult SRT of 18.6 dB. The total gain in SRT from age
two to adulthood was approximately 11 dB [42].

Children with unilateral OME demonstrated SRTs that were 4 to 5 dB
worse than those of children without otitis media, likely reflecting the loss
of binaural hearing advantages, which normally confer an approximate 3
dB benefit for speech perception. In contrast, children with bilateral OME
showed significantly impaired SRTs at all ages (p < 0.001), with an
average deficit of 15 dB compared with children without otitis media,
independent of age. The greatest effect was observed at 31 months,
reflecting poorer baseline auditory development at this stage.
Functionally, a five-year-old child with unilateral OME performed
similarly on speech perception tasks to a three-year-and-seven-month-old
child without otitis media. Importantly, children who had normal
tympanometric findings at five years of age did not exhibit long-term SRT
deficits, underscoring the importance of early resolution of middle ear
dysfunction [42].

Surgical Management: Ventilation Tube Insertion

Ventilation tube (VT) insertion remains the most widely used surgical
intervention for otitis media with effusion (OME) in children, particularly
in cases of persistent disease associated with hearing loss or
developmental risk. Evidence consistently demonstrates that VT
placement provides meaningful short-term benefits in middle ear aeration,
hearing thresholds, and quality of life.

The landmark study by Hellstrém, Groth, Jargensen et al. (2011) [43]
showed that VT insertion is associated with significant short-term
improvements in children’s health-related quality of life. Meta-analytic
data indicate that VT placement reduces the prevalence of OME by
approximately 32% during the first postoperative year and improves
average hearing thresholds by 5 to 12 dB [44]. In addition, a non-
randomized study demonstrated improved caregiver perception of speech
and language outcomes following VT insertion, particularly among
children with pre-existing developmental delays, highlighting the
potential benefit of early auditory rehabilitation in vulnerable populations
[45].

Complications Associated with Ventilation Tubes

Complications related to VT insertion are relatively common but are
generally transient or of limited functional significance. The most
frequently reported adverse event is otorrhea. Approximately 16% of
children experience otorrhea within the first four postoperative weeks,
and up to 26% develop otorrhea at some point while the VT remains in
place [46]. In the United States, most ventilation tubes remain functional
for 8 to 18 months, during which approximately 7% of children
experience recurrent otorrhea episodes [46].

A prospective Dutch study reported a higher otorrhea incidence (52%)
when children were followed closely and systematically; however, only
3.9% of cases evolved into chronic otorrhea lasting three months or
longer. Identified risk factors included younger age, VT placement for
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recurrent acute otitis media (RAOM), the presence of older siblings in the
household, and frequent upper respiratory tract infections [47].

Other complications occur less frequently and include obstruction of the
VT lumen (7-10%), granulation tissue formation (approximately 4%),
premature tube extrusion (4%), and medial displacement of the VT into
the middle ear cavity (<0.5%) [46,48]. Structural tympanic membrane
(TM) sequelae, such as tympanosclerosis, focal atrophy, or retraction
pockets, are often detected on follow-up but are usually non-progressive
and clinically insignificant.

Persistent Tympanic Membrane Perforation

Persistent TM perforation is among the most clinically relevant long-term
complications of VT insertion. The reported incidence varies from 1% to
6% of ears following tube extrusion [49]. Large population-based data
from a Medicaid cohort demonstrated a persistent perforation rate of
approximately 3% seven years after VT insertion [50]. Similarly, O’Neil,
Cassidy, Link, and Kerschner [51] reported a 1% rate of persistent
perforation after spontaneous VT extrusion, with 2.6% of children
requiring surgical removal of retained tubes that failed to extrude
spontaneously. Repeat VT insertion and older age at the time of surgery
were identified as significant risk factors for persistent perforation. When
spontaneous closure does not occur, surgical repair with myringoplasty or
tympanoplasty may be required.

Overall, although VT-related complications are not uncommon, the
majority are self-limited and must be weighed against the potential
benefits of improved hearing, auditory stability, and developmental
outcomes in appropriately selected children.

Conclusion

Otitis media with effusion is a highly prevalent pediatric condition
primarily resulting from Eustachian tube dysfunction and influenced by
anatomical, immunological, and environmental factors. Although often
self-limiting, OME may lead to fluctuating conductive hearing loss with
significant consequences for speech and language acquisition, academic
performance, and psychosocial development, particularly during critical
periods of early childhood.

Accurate diagnosis, with emphasis on tympanometry and age-appropriate
audiological assessment, is essential to identify children at increased risk
of developmental impairment. Management should be individualized,
incorporating careful observation, mitigation of modifiable risk factors,
and timely surgical intervention when indicated. Tympanotomy with
ventilation tube insertion remains an effective treatment for persistent
OME associated with documented hearing loss or developmental impact,
offering meaningful short-term improvements in hearing and quality of
life.

Early recognition and appropriately timed intervention play a pivotal role
in minimizing long-term auditory, cognitive, and educational sequelae,
underscoring the importance of a structured, evidence-based approach to
the management of otitis media with effusion.
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