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ABSTRACT

Background: Pediatric chronic otitis media is a common and clinically important condition that
contributes significantly to hearing impairment, recurrent infection, poor academic performance,
and long-term developmental difficulties in children. Persistent inflammation and oxidative stress
may play a major role in the progression and chronicity of the disease, yet these biological
mechanisms remain underexplored in routine clinical practice.

Objective: To evaluate the biochemical and pathological markers of oxidative stress and
inflammation in pediatric chronic otitis media and to assess their clinical, public health, and critical
care implications.

Methods: This cross-sectional clinical study was conducted from June 2024 to June 2025 at
Gujranwala Medical College, Gujranwala, Pakistan and Sahara Medical College, Narowal, Pakistan. A
total of 100 pediatric patients aged 3-14 years diagnosed with chronic otitis media were enrolled
through consecutive sampling. Clinical evaluation, otoscopic assessment, hearing assessment, and
biochemical analysis were performed in all patients. Serum malondialdehyde, total antioxidant
capacity, nitric oxide, C-reactive protein, interleukin-6, and tumor necrosis factor-alpha were
measured. Histopathological examination was performed in surgically managed cases.

Results: Most patients had unilateral disease, prolonged symptoms, and clinically significant hearing
impairment. Elevated levels of malondialdehyde, nitric oxide, C-reactive protein, interleukin-6, and
tumor necrosis factor-alpha were observed, while total antioxidant capacity was reduced. Higher
oxidative and inflammatory marker levels were significantly associated with greater disease severity,
hearing impairment, bilateral disease, and longer symptom duration. Histopathology revealed chronic
inflammatory infiltrate, granulation tissue, mucosal edema, epithelial hyperplasia, fibrosis, and
vascular congestion.

Conclusion: Pediatric chronic otitis media is associated with significant oxidative stress,
inflammatory activation, and pathological tissue injury. These findings highlight its broader clinical
and public health importance and support the need for earlier diagnosis, timely treatment, and
preventive intervention in affected children.

Keywords: Pediatric Chronic Otitis Media, Oxidative Stress, Inflammation, Malondialdehyde,
Interleukin-6, Tumor Necrosis Factor-Alpha, Hearing Impairment.

INTRODUCTION

Chronic otitis media (COM) is one of the most
prevalent and clinically relevant disorders of the
pediatric population, with recurrent upper
respiratory infections, untimely treatment,
overcrowding, low hygiene, and insufficient

access to expert ear care remaining among the
factors that perpetuate the disease in low- and
middle-income countries'. It is marked by the
persistent inflammation of the cleft of the
middle ear which is usually accompanied by the
perforation of the tympanic membrane,
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frequent or chronic otorrhhea, the varying
levels of conductive hearing loss and in some
instances with the gradual pathological
destruction of middle ear structures?. The
condition has an additional significance in
children since a long-term hearing loss in the
early years of development may negatively
influence the acquisition of speech, the
development  of  language,  schooling
achievements, socialization, and late-adult
quality of life. As recent world experience
demonstrates, the burden of otitis media-
related hearing is still disproportionately high in
South Asia and other resource-dependent
environments, which confirms its topicality as a
clinical as well as a general health issue>.
Pediatric chronic suppurative otitis media is one
of the most neglected types of chronic middle
ear disease in spite of its high burden®. There is
systematic evidence to indicate that chronic
suppurative disease still impacts millions of
people in the world with most of the affected
cases being found in low- and middle-income
areas and a significant proportion of the
children with the disease developing disabling
hearing loss®. In addition to the local ear
pathology, the disease represents a wider
overlap of infection, inflammation, nutrition,
socioeconomic deprivation, and gaps in the
health system. Pediatric COM in countries like
Pakistan, where frequent childhood infections
and late ENT presentation are still the norm,
should not be considered as a localized ear
disease but as an indicator of pediatric
susceptibility and inequitable access to
preventive and curative measures®.
Pathophysiology of chronic otitis media is
complicated and cannot be limited to the
persistence of microbial colonization only’.
Growing evidence indicates that oxidative stress
and sustained inflammatory stimulation could
be of primary importance in the pathogenesis
of the disease, damage to the mucosa,
chronicity, tissue remodeling, and
complications®. In chronic middle ear
inflammation, the activated neutrophils,
macrophages, and epithelial cells produce
excessive reactive oxygen species that may
overwhelm the endogenous antioxidant
defenses leading to cellular injury by lipid
peroxidation, protein oxidation, mitochondrial
dysfunction, and DNA damage. At the same
time, pro-inflammatory cytokines like C-reactive
protein, interleukin-6, and tumor necrosis
factor-alpha could also help in continuing
mucosal edema, epithelial hyperplasia, tissue
destruction, and slow healing. This biochemical-

pathological interactivity can be useful in
understanding why certain pediatric patients
acquire long course disease, frequent failure of
treatment, conductive hearing loss, ossicular
destruction or more inflammatory exudations
than others despite seemingly comparable
clinical conditions®.

Although this biologically plausible relationship
is present, until recently, most of the literature
on pediatric COM has been based on
microbiology, audiological impairment, surgical
outcomes, and clinical risk factors, with little
comparative emphasis on the combined
evaluation of biochemical indicators of oxidative
stress and pathological indicators of chronic
inflammation in children with the disease. This
is a significant gap since such markers can give
a more in-depth insight into the severity of the
disease, permanent mucosal damage, and the
risk of progression. The detection of
quantifiable systemic or local inflammatory and
oxidative changes could also aid in the prior risk
stratification and tailored surveillance and
subsequent biomarker-driven interventions in
the management of ear disease in children'%12,
The applicability of this issue is not limited to
outpatient otolaryngology. Pediatric chronic
otitis media in terms of public health enhances
preventable hearing disability, poor school
performance, low ability to communicate, and
high dependency on long-term healthcare!3. In
critical care and severe disease perspective,
chronic middle ear inflammation with no
treatment or inadequate management may
sometimes lead to mastoiditis, facial nerve
palsy, labyrinthine injury, intracranial extension,
meningitis, brain abscess, and sepsis-related
complications, particularly in the vulnerable or
immunocompromised children. Hence, the
knowledge of the biochemical and pathological
factors of persistent disease can be useful not
only in the daily care of diseases but also in the
identification of children who have the risk of
the severe development and the systemic load
of inflammation*.

Based on these issues, the current clinical study
aimed at measuring the biochemical and
pathological indicators of oxidative stress and
inflammation in children with chronic otitis
media, and in considering the connection of the
indicators to the burden of the disease and
broader issues of public health and critical care.
This research will add to a more mechanistic
and clinically significant conceptualization of
chronic ear disease in children, especially in
resource-constrained healthcare settings where
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delayed diagnosis and preventable
complications continue to be prevalent?®.

MATERIALS AND METHODS

This is a cross-sectional clinical study that took
place between June 2024 and June 2025 at
Gujranwala Medical College, Gujranwala,
Pakistan and Sahara Medical College, Narowal,
Pakistan. The aim of the study was to measure
biochemical and pathological indicators of
oxidative stress and inflammation among
pediatric patients with chronic otitis media and
to determine their potential public health and
critical care implications. The two institutions
were involved in patient recruitment, clinical
evaluation, sample testing, and correlation in
the laboratory.

The study was carried out on 100 pediatric
patients who had chronic otitis media. The
sample size was calculated based on the
feasibility of the study, the number of patients
per study period, and the requirement to get
adequate  biochemical and pathological
evidence on which appropriate statistical
comparison and clinical interpretation would be
carried out. The patients were recruited using
non-probability consecutive sampling of the
outpatient and inpatient units of
otorhinolaryngology = of the  respective
institutions.

The study included children between the ages
of 3 to 14 years of both sexes who satisfied the
clinical conditions of chronic otitis media, which
is the presence of ear discharge through a
perforated tympanic membrane at least three
months. Both unilateral disease and bilateral
disease patients were eligible. Only children
with acute otitis media alone, congenital ear
defects, known immunodeficiency disorders,
chronic systemic inflammatory diseases, severe
hepatic or renal dysfunction, malignancy, or
recent antioxidant supplementation were
excluded. Patients whose consent was not
given by their parents or guardians were also
not allowed to take part in the study.

A thorough clinical history of the children was
taken after enrollment by their parents or
guardians. Data was documented about age,
sex, duration of symptoms, disease laterality,
ear discharge rate, hearing related complaints,
past medical treatments, frequent infections of
the upper respiratory system, and any history
that can be indicative of disease complications.
The overall physical examination and ENT
examination were done in every patient.
Otoscopic  observations  were  recorded
accurately, such as perforation of the tympanic

membrane, discharge, granulation tissue and
any apparent pathological alterations.
Whenever possible, hearing evaluation was
done by age-appropriate  audiological
assessment.

Venous blood samples were taken under aseptic
conditions among all the patients who were
included in biochemical analysis. The samples
were centrifuged and serum was isolated to
measure the chosen oxidative stress and
inflammatory biomarkers. Malondialdehyde,
total antioxidant capacity, and other
biochemical evidence of oxidative injury were
included in the oxidative stress profile based on
the laboratory facilities at hand. The
inflammatory markers were C-reactive protein,
interleukin-6, and tumor necrosis factor-alpha.
Standard lab methods and commercially
marketed assay kits were performed as per
instructions of the manufacturer and
institutional lab  procedures. All  the
measurements were carried out in controlled
conditions to  ensure reliability and
reproducibility of results.

To perform pathological studies, the patient
samples were taken as tissue samples that
underwent related ENT surgical procedures
during their treatment, including aural
polypectomy, granulation tissue biopsy, mastoid
exploration, or other specified surgical
procedures. These samples were submitted to
pathology department to undergo a
histopathologic analysis. The pathological
assessment was aimed at the occurrence and
extent of chronic inflammatory cells infiltrate,
epithelial hyperplasia, mucosal edema, fibrosis,
necrotic debris, vascular congestion, and
granulation tissue. The clinical severity and
biochemical profile of the patients was then
compared with the pathological results.

All the data obtained were coded into a
structured pro forma and then subjected to
analysis by means of SPSS version 26.0. Mean
+ standard deviation was used to express
quantitative variables (age, duration of disease,
and levels of biomarkers) whereas frequency
and percentage were used to express
qualitative variables (gender, laterality, and
pathological findings). Correlations between the
biochemical markers and clinical or pathological
variables were evaluated with the help of the
corresponding statistical tests. Comparison was
done using independent sample t-test or Mann-
Whitney U test in case of continuous variables
based on the distribution of the data, and chi-
square test in the case of categorical variables.
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A p-value below 0.05 was taken as statistically
significant.

The research was carried out following the
permission of pertinent institutional ethical
review committee. Parents or legal guardians of
all the children to be enrolled provided informed
consent in writing beforehand. All the patient
information was kept confidential and all the
procedures were implemented in compliance
with the accepted ethical principles of research
that involves human subjects.

RESULTS

The present study involved a total of 100
pediatric patients who were diagnosed with
chronic otitis media clinically. Every patient was
provided with the necessary clinical and
biochemical evaluation, and histopathological
analysis was provided to individuals who had
surgical intervention within the time of the
study. The general results indicated that chronic
otitis media among children was linked to a
long-term disease, high frequency of hearing
loss, high level of oxidative stress markers, high
level of inflammatory load, and high levels of
pathological tissue alterations.

The demographic and the baseline clinical
profile of the study population indicated that
the chronic otitis media was more prevalent
among children aged 6 to 8 years as they

constituted 34.0% of the study population
(n=34) and then with children aged 9 to 11
years who constituted 28.0% of the study
population (n=28). The 3-5 years age group
contributed 21.0% (n=21) of patients, while
the 12-14 years age group accounted for
17.0% (n=17). The average age of the patients
was 8.2 and the standard deviation was 2.9.
Male children were somewhat more affected as
compared to females with 58.0% of them
(n=58) being male and 42.0% (n=42) female.
As per disease laterality, 61.0% (n=61) of
children were unilaterally diseased and 39.0%
(n=39) were bilaterally diseased with chronic
otitis media. Analysis of symptom duration
showed that 46.0% (n=46) of children had 7-
12 months of symptoms, 36.0% (n=36) of
children had over 12 months of symptoms, and
only 18.0% (n=18) of children had 3-6 months
of disease. Clinically, 41.0 (n=41) of them had
mucoid  discharge, 37.0 (n=37) had
mucopurulent discharge, and 22.0 (n=22) had
purulent discharge. Notably, hearing
impairment (72.0% n=72), granulation tissue
on otoscopy (31.0% n=31), recurrent upper
respiratory tract infections history (49.0%
n=49), prior antibiotic treatment (67.0% n=67)
was observed in a significant number of
patients as indicated in Table 1.

Table 1. Demographic and Clinical Characteristics of the Study Population

Variable Frequency (n=100) Percentage (%)
Age Group (years)
3-5 years 21 21.0
6—8 years 34 34.0
9-11 years 28 28.0
12-14 years 17 17.0
Gender
Male 58 58.0
Female 42 42.0
Laterality of Disease
Unilateral 61 61.0
Bilateral 39 39.0
Duration of Symptoms
3—6 months 18 18.0
7—12 months 46 46.0
>12 months 36 36.0
Type of Ear Discharge
Mucoid 41 41.0
Mucopurulent 37 37.0
Purulent 22 22.0
Hearing Impairment on Assessment

Present 72 72.0
Absent 28 28.0
Granulation Tissue on Otoscopy 31 31.0
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History of Recurrent URTI

49 49.0

History of Previous Antibiotic Use

67 67.0

Biochemical evaluation found that a huge load
of oxidative stress and systemic inflammatory
activation exist in the enrolled children. The
mean value of serum malondialdehyde (MDA),
which measures lipid peroxidation and oxidative
membrane damage, was 5.63 £ 1.14 nmol/mL,
and it was found to be high enough to denote
the presence of a significant amount of
oxidative stress among the study population.
There was also a high level of nitric oxide (NO)
with the mean of 39.86 * 7.92 pmol/L,
indicating increased activity of reactive nitrogen
species and inflammatory signaling.
Inflammatory burden was also manifested by a

mean level of C-reactive protein (CRP) of 8.94
+ 3.18mg/L, a mean level of interleukin-6 (IL-
6) of 17.81 £ 5.09pg/mL and a mean level of
tumor necrosis factor-alpha (TNF-alpha) of 21
Conversely, the average total antioxidant
capacity (TAC) was 0.94 0.22 mmol/L, and
there was relative depletion of antioxidant
defenses. Together, these biochemical results
imply that pediatric chronic otitis media is
correlated with sustained oxidative and
inflammatory stress as opposed to being
confined to local infective process as described
in Table 2.

Table 2. Serum Oxidative Stress and Inflammatory Biomarkers in Pediatric Chronic Otitis Media

Biomarker Mean + SD
Malondialdehyde (MDA) (nmol/mL) 5.63 + 1.14
Total Antioxidant Capacity (TAC) (mmol/L) 0.94 + 0.22
Nitric Oxide (NO) (pmol/L) 39.86 + 7.92
C-Reactive Protein (CRP) (mg/L) 8.94 + 3.18
Interleukin-6 (IL-6) (pg/mL) 17.81 £ 5.09

Tumor Necrosis Factor-alpha (TNF-a) (pg/mL) 21.46 + 5.84

The assessment of clinical severity indicated
that most children had moderate disease, which
constituted 43.0% (n=43) of the entire study
population. The chronic otitis media in severe
was detected in 31.0% (n=31) of the patients
and only 26.0% (n=26) as mildly diseased.
These results suggest that almost three-
quarters of the patients (74.0%) reported

moderate-to-severe disease, which is an
indication of late diagnosis, prolonged
inflammatory  process, and progressed
pathology at the time of specialist care. This
trend indicates the clinical significance of
pediatric chronic otitis media in the research
environment, and it is presented in Table 3.

Table 3. Distribution of Patients According to Disease Severity

Disease Severity Category Frequency (n=100) Percentage (%)
Mild 26 26.0
Moderate 43 43.0
Severe 31 31.0

There was an observed very important
relationship between the level of biochemical
markers and the severity of the disease. The
mean MDA level in children with mild disease
was 4.71 £ 0.82 nmol/mL and there was an
increase to 5.52 + 0.91 nmol/mL and finally to
6.58 £ 1.03 nmol/mL in moderate and severe
groups respectively (p<0.001). Likewise, the
NO levels rose gradually as mild disease,
moderate disease, and severe disease
advanced to 33.84 £ 5.61 pmol/L, 39.21 £ 6.34
pmol/L, 45.94 £ 7.11 pmol/L respectively
(p<0.001). Another pattern of increase was
noted in inflammatory markers. Mean CRP

increased from 6.11 + 1.72 mg/L in mild
disease to 8.77 + 2.21 mg/L in moderate
disease and 11.46 * 2.84 mg/L in severe
disease. Mean IL-6 increased from 13.92 + 3.41
pg/mL in mild disease to 17.44 + 4.12 pg/mL in
moderate disease and 21.88 £ 4.95 pg/mL in
severe disease. Likewise, mean TNF-a
increased from 16.97 + 3.66 pg/mL in mild
cases to 21.02 + 4.33 pg/mL in moderate cases
and 2591 * 5.08 pg/mL in severe cases.
Conversely, TAC reduced greatly with the
severity of the disease,

with 1.12 £ 0.17 mmol/L in the mild disease,
0.95 £ 0.18 mmol/L in the moderate disease,
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and 0.73 £ 0.14 mmol/L in the severe disease
(p<0.001). These results point heavily to the
fact that the more clinical severity, the more

oxidative damage, the more inflammatory
activation, and the less antioxidant defense, as
depicted in Table 4.

Table 4. Comparison of Biomarker Levels According to Disease Severity

Biomarker Mild (n=26) Moderate (n=43) Severe (n=31) P-
Mean £ SD Mean = SD Mean = SD value
MDA (nmol/mL) 4.71 + 0.82 5.52 + 0.91 6.58 + 1.03 <0.001
TAC (mmol/L) 1.12 £ 0.17 0.95 + 0.18 0.73 £ 0.14 <0.001
NO (umol/L) 33.84 £ 5.61 39.21 + 6.34 45.94 + 7.11 <0.001
CRP (mg/L) 6.11 £ 1.72 8.77 £ 2.21 11.46 + 2.84 <0.001
IL-6 (pg/mL) 13.92 + 3.41 17.44 + 4.12 21.88 + 4.95 <0.001
TNF-a (pg/mL) 16.97 £+ 3.66 21.02 + 4.33 25.91 + 5.08 <0.001

The present study had hearing impairment as a
significant clinical outcome and had a strong
connection with disease burden. Out of 72
children with hearing impairment, 35 (48.6)
were bilaterally diseased, whereas 4 (14.3)
were among 28 children with no hearing loss
(p=0.002). Similarly, the duration of disease of
31 (43.1) children with hearing impairment was
above 12 months and only 5 (17.9) children in
the non-hearing impairment group had a
disease duration above 12 months (p=0.021).

In children with hearing loss, granulation tissue
was found in 28 (38.9%) and in children with
no hearing deficits, 3 (10.7%) only (p=0.008).
Similarly, 29 (40.3%) of children with hearing
impairment had severe disease, compared with
only 2 (7.1%) in the non-hearing-impaired
group (p=0.001). These findings suggest that
hearing impairment in chronic otitis media
among children is closely correlated to
advanced, longer-lasting and structurally
meaningful disease as in Table 5.

Table 5. Association of Hearing Impairment with Disease Characteristics

. Hearing Impairment Hearing Impairment
Variable Pres?ent (?1:72) Absgnt (|I: =28) p-value
Bilateral disease, n (%) 35 (48.6%) 4 (14.3%) 0.002
Duration >12 months, n (%) 31 (43.1%) 5 (17.9%) 0.021
Granulation tissue, n (%) 28 (38.9%) 3 (10.7%) 0.008
Severe disease, h (%) 29 (40.3%) 2 (7.1%) 0.001

The histopathological study was conducted on
38 surgically treated patients and the results
demonstrated significant chronic inflammatory
and repair tissue alterations. Chronic
inflammatory cell infiltrate was the most
frequent pathological finding observed in
94.7% (n=36) of the specimens. The presence
of granulation tissue was found in 71.1%
(n=27) of the cases, and the presence of
mucosal edema was found in 63.2% (n=24).
Fifty seven point nine percent (n=22) exhibited

epihelial hyperplasia, fifty two point six percent
(n=20) had vascular congestion and forty seven
point four percent (n=18) had fibrosis. Necrotic
debris was detected in 28.9 (n=11) out of
cases, which means that some children had
more  destructive  inflammatory  tissue
alterations. Such histopathological observations
are in line with long-term inflammatory
stimulation, mucosal growth, tissue
remodelling, and healing efforts as provided in
Table 6.

Table 6: Histopathological Findings in Surgically Managed Patients (N=38)

Histopathological Feature Frequency Percentage (%)
Chronic inflammatory cell infiltrate 36 94.7
Granulation tissue formation 27 71.1
Mucosal edema 24 63.2
Epithelial hyperplasia 22 57.9
Fibrosis 18 47.4
Vascular congestion 20 52.6
Necrotic debris 11 28.9
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The duration of disease and levels of
biochemical markers were also found to be
having statistically significant correlation. The
positive correlation between serum MDA and
disease duration was observed (r=0.482,
p<0.001), which revealed that oxidative
membrane injury was more associated with a
longer disease duration. Similarly, NO showed a
positive correlation (r=0.438, p<0.001), while
inflammatory markers such as CRP (r=0.419,

p<0.001), IL-6 (r=0.454, p<0.001), and TNF-a
(r=0.467, p<0.001) also increased significantly
with longer disease duration. Meanwhile, TAC
was found to be significantly negatively
correlated with the time of the disease (r=-
0.401, p<0.001), indicating that antioxidant
capacity is depleted with time. These findings
suggest that long-term disease adds to the
cumulative  oxidative and inflammatory
damage, which is indicated in Table 7.

Table 7: Correlation of Biochemical Markers with Duration of Disease

Biomarker Correlation Coefficient (r) p-value
MDA 0.482 <0.001
TAC -0.401 <0.001
NO 0.438 <0.001
CRP 0.419 <0.001
IL-6 0.454 <0.001

TNF-a 0.467 <0.001

Overall, the results of the present study clearly
demonstrate that pediatric chronic otitis media
is associated with clinically meaningful oxidative
stress, inflammatory activation, and
pathological tissue damage. Numerical
evidence indicated that the levels of oxidative
and inflammatory biomarkers, the antioxidant
capacity, the degree of hearing impairment, and
the degree of pathological changes increased
gradually with increased disease severity,
bilaterality, and duration in children. These
results are a solid argument in favor of the idea
that chronic otitis media in children is a
biologically dynamic and increasingly harmful
inflammatory process with significant clinical,
developmental, and population health
outcomes.

DISCUSSION

The present study demonstrated that pediatric
chronic otitis media is associated with a
substantial burden of oxidative stress, systemic
inflammatory activation, and pathological tissue
injury®®. The general results revealed increased
levels of malondialdehyde, nitric oxide, C-
reactive protein, interleukin-6, and tumor
necrosis factor-alpha as well as decreased total
antioxidant capacity, which indicated that
chronic otitis media in children is not only a
localized ear infection but a biologically active
inflammatory disease with quantifiable systemic
outcomes. Also, histopathology showed
presence of chronic inflammatory cell infiltrate,
granulation tissue formation, mucosal edema,
epithelial  hyperplasia, fibrosis, vascular
congestion and necrotic debris, which also

indicated the existence of enduring tissue-scale
inflammatory damage!!*2,

Among the most significant results of the
current investigation was the high increase in
the level of malondialdehyde, which indicates
the high levels of lipid peroxidation and
oxidative membrane damage!3. This is an
indication that reactive oxygen species play a
proactive role in the pathogenesis of chronic
otitis media in children'*. Continued microbial
infection and chronic inflammation of the
middle ear probably results in the stimulation of
inflammatory cells like neutrophils and
macrophages which cause excessive generation
of free radicals. These reactive species are able
to injure cell membranes, impair epithelial
integrity, extend mucosal edema and delay
middle ear mucosa healing. The elevated levels
of nitric oxide found in the current study also
confirm the presence of oxidative and
nitrosative stress in disease development, with
nitric oxide being observed to elevate during
chronic inflammatory conditions, and possibly
play a role in the irritation and inflammatory
response of local tissues®.

The inflammatory marker profile of the current
research was also very significant. High levels
of C-reactive protein, interleukin-6 and tumor
necrosis factor-alpha show that chronic otitis
media in children results in a persistent
inflammatory reaction beyond that of the ear?®.
Interleukin-6 and tumor necrosis factor-alpha
are key pro-inflammatory cytokines that are
involved in the recruitment of leukocytes,
vascular permeability, tissue edema, and
amplification of chronic inflammation. Their
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elevation in this study implies that chronic
inflammation by the mediation of cytokines can
be significant in the continuance of chronic
otitis media, mucosal expansion, and tissue
remodeling. Such inflammatory processes could
also be the reason as to why some patients
remain in prolonged discharge, progressive
hearing loss, and recurrent disease even after
being exposed to antibiotics before!”.

The second significant finding was the decrease
in the total antioxidant capacity. This
observation implies  that  endogenous
antioxidant defense systems would be limited in
response to sustained oxidative stress'®, To put
it simply, the protective biochemical
mechanisms of the body seem incapable of
counteracting the chronic oxidant burden
produced in the course of chronic inflammation
of the middle ear. This relative excess of
oxidants over antioxidants can be among the
significant processes that contribute to disease
persistence, inability to achieve full recovery of
the mucosa and develop more serious forms of
chronic otitis media®®.

These findings have additional clinical
implications on the severity-based analysis of
the current research. Malondialdehyde, nitric
oxide, C-reactive protein, interleukin-6, and
tumor necrosis factor-alpha were highest in
children with severe chronic otitis media with
the lowest total antioxidant capacity recorded?°.
This is a clear indication that the deteriorating
clinical disease correlates with the deteriorating
biochemical disturbance. This pattern is a
strong indication that oxidative stress and
inflammation are not accidental findings and
are tightly connected with the disease severity.
Possibly, these biochemical indicators can in the
future be used as an adjunctive indicator of
disease burden or risk of progression especially
in children with chronic symptoms, bilateral
disease, persistent discharge or recurrent
treatment failure?!.

Another significant conclusion of the current
study was hearing impairment which was found
in the majority of the registered children. More
to the point, hearing loss was significantly
correlated with bilateral disease, disease
duration, granulation tissue, and severe disease
category?2. 1t is a clinically significant finding
since it demonstrates that hearing loss in
chronic otitis media in children is closely
associated with more developed inflammatory
and structural disease. Practically, children that
present late, those who have persistent
inflammation over a long duration, or those who
acquire granulation tissue, are at risk of having

severe auditory dysfunction. This result has
implications in the wider developmental scope
of chronic otitis media since childhood hearing
loss may adversely influence speech
development, learning capacity, classroom
performance, and psychosocial development*®,
The biochemical observations are also
reinforced by the histopathological findings of
this research. The preponderance of chronic
inflammatory cell infiltrate is evidence of
ongoing mucosal immune activity, whereas
granulation tissue formation and mucosal
edema indicate active chronic inflammation and
tissue response to recurrent damages8.
Epithelial hyperplasia implies continuous
stimulation of the mucosa and fibrosis means
chronic healing with scarring. Vascular
congestion and necrotic debris observed in part
of the specimens indicates that in a sub-group
of children, the inflammatory response can be
more destructive and violent. Combined with
earlier tissue-level observations, these results
indicate that pediatric chronic otitis media is
linked to a continuum of chronic tissue
inflammation and repair, and not a static
infection®11,

Another significant outcome of the current
research is the positive association between the
duration of the disease and the presence of
oxidative-inflammatory ~ biomarkers'?2.  The
malondialdehyde, nitric oxide, C-reactive
protein, interleukin-6 and tumor necrosis
factor-alpha levels in children increased with
the duration of illness and the total antioxidant
capacity of the children reduced over time. This
implies that late diagnosis and chronic disease
activity could cause cumulative biochemical
damage with time. It also implies that early
diagnosis and immediate treatment can serve
to alleviate the long-term inflammatory and
oxidative load among the children with the
disease!s.

The implications of this study to public health
are very crucial. Pediatric chronic otitis media is
a well recognized but seldom addressed disease
in developing nations, where late seeking of
health care, low access to ENT, frequent
respiratory diseases, overcrowding, improper
hygiene, and improper use of antibiotics
promote chronicity'®. The large percentage of
children with a long duration of symptoms,
hearing loss, frequent upper respiratory tract
infection and prior exposure to antibiotics in the
study is indicative of broader systemic and
social determinants of disease persistence.
Thus, chronic otitis media cannot be regarded
as the health concern of otolaryngology only
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but also as the significant child health and social
health problem. Early school hearing screening,
parental education program, timely referral
systems, and better pediatric ENT services can
be used to mitigate the burden of disease and
avoid long-term disability .

The relevance of the study to the critical care is
also critical. Most instances of chronic otitis
media are treated at an elective level, but
serious or untreated cases may lead to severe
complications that may include mastoiditis,
facial nerve injury, labyrinthine dissemination,
intracranial infection, meningitis or brain
abscess!®.

The harsh inflammatory and oxidative
phenotype observed in the advanced cases in
this paper indicates that stronger biological
functioning may occur in children having severe
illness. Although the intracranial or life-
threatening complications were not directly
evaluated in the current study, the evidence
suggests that the ongoing biochemical and
pathological inflammation could be used to
explain the reason why certain patients are
pushed to more severe disease states when
they are not treated'’.

The current paper has a number of strengths.
It assessed pediatric chronic otitis media in a
multidimensional manner by integrating clinical
examination, biochemical examination and
histopathological results.

It also examined differences based on severity
and associated biomarkers with hearing loss
and duration of disease, and the results were
more clinically relevant. More so, the research
was carried out in two hospitals and this
enhanced the variety of patient recruitment®13.
Nevertheless, the research has its limitations as
well.

The cross-sectional design does not permit
causal interpretation and only a single time
point of biomarker measurements was
conducted. The sample size was rather small,
despite being sufficient to analyze it clinically.
Histopathological examination was only done in
surgically treated cases and thus tissue results
might not be an accurate depiction of all
children with chronic otitis media.

Also, microbiological culture, antibiotic
sensitivity analysis, and long-term follow-up
were missing. The future research must
incorporate  bigger multicentric  cohorts,
longitudinal follow-up, microbiological
correlation and potentially comparison to
normal controls to derive more mechanistic and
prognostic inferences!®22,

CONCLUSION

In conclusion, the present study showed that
pediatric chronic otitis media is associated with
significant  oxidative stress, elevated
inflammatory  cytokine activity, reduced
antioxidant defense, and clear pathological
evidence of chronic tissue injury. The elevated
concentrations of malondialdehyde, nitric oxide,
C-reactive protein, interleukin-6, and tumor
necrosis factor-alpha along with the reduction
of total antioxidant capacity all show that this
disease is not a transient local infection but a
long-term  biochemical inflammatory load.
Destructive and progressive nature of the
condition was further proven by
histopathological findings of chronic
inflammatory infiltrate, granulation tissue,
mucosal edema, epithelial hyperplasia, fibrosis,
and vascular congestion. It was also found that
the biochemical and pathological burden is
more pronounced in children with severe
disease, prolonged symptom duration, bilateral
involvement, and hearing impairment. The
results indicate that oxidative stress and
inflammatory markers could be potentially
useful as auxiliary predictors of disease severity
and progression in chronic otitis media in
children. On the whole, chronic otitis media
among children cannot be underestimated as a
significant clinical and population health issue
with significant implications in the areas of
hearing, development, education, and long-
term wellbeing. To decrease the burden of
disease and avoid the unnecessary
complications in children with the disease, early
diagnosis, timely treatment, periodic hearing
evaluation, and more effective preventive
measures on the level of public health are
necessary.
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