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ABSTRACT

Background: Adenoid surface in patients suffering from secretory otitis
media is usually associated with bacterial biofilm. Adenoidectomy is
thought to be effective in treatment of cases associated with secretory
otitis media.

Aim of the study: : To Evaluat the role of adenoidectomy alone or in
combination with ventilation tube insertion in improving the outcome of
OM with effusion associated with adenoid hypertrophy.

Patients and Methods: This study included 40 children with recurrent
or persistent secretory OM despite proper medical treatment for 3-6
months. They were divided into 2 equal groups. Group A treated by
adenoidectomy with ventilation tube insertion and the group B was
treated by adenoidectomy alone. These patients were evaluated
preoperatively by plain X-ray nasopharynx lateral view and audiological
assessment, adenoid specimen was taken for scanning by electron
microscope for adenoid surface biofilm detection and grading.
Postoperatively, we followed up the patients for 1 year to assess
improvement and post-operative complications.

Results: At the 1st follow up visit, Group A had higher rate of
improvement than those who had adenoidectomy alone. Long term
follow up (1 year) show significant higher rate of complications in those
who were treated by adenoidectomy with ventilation tube 5 cases in
comparison to only 2 cases of in Group B. There was no significant
association between adenoid size and biofilm formation. Adenoid size
and biofilm extension grade had no significant relation to postoperative
outcome.

Conclusion: Removal of adenoid was associated with relieve of OME
with significant higher rate of complications in those undergoing
adenoidectomy with ventilation tube insertion.
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INTRODUCTION

Secretory otitis media is a condition characterized by

fullness and vestibular dysfunction causing excessive
clumsiness, awkwardness and recurrent falling.
Furthermore, unresolved middle ear effusion

accumulation of non-purulent mucoid or serous fluid
in the middle ear in absence of signs of acute
infection. Secretory otitis media is considered
chronic when effusion persists for 3 or more months
that detected either clinically or by tympanometry .
Persistent secretory otitis media is a common health
problem in pediatric age group that adversely affects
hearing due to fluid pressure on the tympanic
membrane that limits its vibratory movement in
response to sound waves. Sensorineural hearing loss
is also reported to be a sequel of persistent OM with
effusion. Hearing defect, further impairers the
learning ability and quality of life of such children 2.
Other complications include tinnitus , sense of ear
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provides a media for bacterial proliferation. 3

There is emerging evidence that infection from
nasopharynx pathogen has a key role in persistence
of secretory OM. In children the short length and
horizontal position of Eustachian tube predispose
them for spread of nasopharyngeal pathogen into the
cavity of the middle ear. Despite advances in medical
treatment, bacterial resistance to antimicrobial
medication represents a great barrier against
resolution of secretory OM. *

Bacterial biofilm is complex surface attached to
microbial communities that linked by self-produced
polymer matrix encapsulate the bacterial forming
microcolony that can survive and resist high



concentration of antibiotics. Formation of bacterial
biofilm making it difficult to treat the underlying
infection  leading to  increased risk  of
persistent/recurrent infection. Removal of the
colonized tissue is the only effective method to
eradicate biofilm associated infection. °

Poor Eustachian tube ventilation caused by
mechanical obstruction by enlarged adenoid is one of
the underlying mechanisms for persistent OM &,
Drainage of effusion through myringotomy with
ventilation tube insertion represents rapid effective
treatment. Adenoidectomy is another option for
treatment especially for those with enlarged adenoid
. However, surgical intervention did not always
provide satisfactory results. Surgery has many
complications that making surgical decision is
challenging with the need for proper judgment of
benefits to  hazards. Myringotomy  with
tympanostomy tubes insertion related complications
including purulent otorrhea, residual perforation,
tympanic membrane atrophy, tympanosclerosis, and
early extrusion of the tube leading to effusion re-
accumulation 8. The objective of this work was to
study the effect of bacterial biofilm on chronicity of
secretory OM and study the efficacy of
adenoidectomy alone for treatment of chronic
secretory otitis media.

PATIENTS AND METHODS

This prospective interventional analytic study was
conducted on 40 children with persistent or recurrent
OM despite proper medical treatment for 3-6 months.
They were selected from Otorhinolaryngology and
pediatric outpatient clinics, during the period from
September 2108 to March 2020. The study was
approved by the Research Ethics Committee of
faculty of Medicine- Al Azhar University. Parents of
all included children were informed about the study,
and written consents were obtained from them.

Inclusion criteria were children with secretory otitis
media and adenoid hypertrophy aged 5 to15 years old
of both sexes. Children with naso-facial
malformation, cleft palate, allergic rhinitis, history of
adenoid operation, previous tube insertion, any other
ear problem and patients who respond properly to
medical treatment were excluded from the study.

Included children were randomly divided into two
groups based on the consecutive number of
enrollments those with odd number were included
into group A while those of even number were
included in group B:

Group A: Included 20 children who underwent
adenoidectomy operation with ventilation tube
insertion.

Group B: Included 20 children who underwent
adenoidectomy operation only without ventilation
tube insertion.

History and examination

All patients were subjected to detailed history taking
and thoroughly clinical examination was done with
special emphasis on ENT examination.
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Otorhinolaryngological assessment

All children were evaluated preoperatively by plain
X-ray nasopharynx lateral view to confirm the
adenoid hypertrophy and to measure the adenoid-
nasopharyngeal ratio according to Fujioka et al. [9].

Audiological assessment was performed preoperative
for all included children using pure tone audiometry
and tympanometry.

Intraoperative nasopharynx examination was done
using flexible nasal endoscopy to determine the
grade of adenoid hypertrophy (small, medium and
large). The ratio of adenoid tissue to choanal opening
was stated as a percentage. Patients were graded
based on the degree of obstruction into three grades.
Grade 1: <50% of choanal space was occupied by the
adenoid tissue, Grade 2: 50-75% choanal obstruction
and Grade 3: >75% choanal obstruction [10]. The
physician ~ who  performed the endoscopic
examination was blinded to the clinical and
radiographic findings.

Postoperatively, we followed up the patients for 1
year (after 2 weeks, 6 months and 12 months) to
assess improvement of the symptoms, audiology and
for detection of any complications.

Biofilm detection

Adenoid specimen was taken (for scanning electron
microscope for adenoid surface biofilm detection and
grading.

The fresh different size of specimens was
immediately fixed in 2.5% glutaraldehyde for 24
hours, washed in phosphate buffer (pH 7.4), post
fixed in 1% osmium tetroxide in phosphate buffer
(pH 7.4), and dehydrated in increasing concentrations
of alcohol. After dehydration, the specimens
underwent the critical drying point process and were
mounted on metal stubs with double-sided adhesive
tape. Then the samples were sputtered with a 15-nm-
thick layer of gold in a sputter apparatus (SPI
MODULE). The images were taken with the JEOL
SEM 5500LV (JEOL Ltd, Tokyo, Japan).

To examine the areas of interest on the surface of an
adenoid tissue specimen, we took sample SEM
images with a voltage of 15 kV and within a
magnification 600 times. We determined the biofilms
as the areas where multilayered remnants of tissue
and microorganisms exist. With respect to the
average biofilm extension, grade 1 (Figure 1), grade
2 (Figure 2), grade 3 (Figure 3), and grade 4 (Figure
4) biofilm formations were determined when less
than 25%, 25% to 49%, 50% through 75% and more
than 75% of sample surfaces were involved,
respectively.
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Figl:SEM image showing microbial biofilm less
than 25%

-,

Fig.2: SEM image showing microbial biofilm 25% to
49%

Fig.3:SEM image showing microbial biofilm 50%
through 75%

Fig.4: SEM image showing microbial biofilm more
than 75%

Statistical analysis

Data analysis was done using statistical package for
social science (SPSS Inc., Chicago, lllinois, USA)
version 22. Numerical data were expressed as mean
and standard deviation (mean * SD) and non-
numerical data were expressed as number and
percentage. Comparison between groups was done
using independent student t-test for numerical data
and chi square test for non-numerical data. The level
of significance was set as P-value <0.05.

RESULTS

The current study included 40 children with
persistent OM with effusion. Their age ranged
between 5 to 8 years old. They were 18 males and 22
females. Twenty of them were treated by
adenoidectomy alone while the remaining twenty
were treated by adenoidectomy with ventilation tube
insertion. There was no significant difference
between the 2 groups as regard age, sex, adenoid size
and biofilm extension as shown in table 1.

At the 1% follow up visit (2 weeks after operation),
children with adenoidectomy and ventilation tube
insertion had higher rate of improvement than those
who had adenoidectomy alone (90% vs 70%). Long
term follows up for 1 year show significant higher
rate of complications in those who were treated by
adenoidectomy with ventilation tube 5 cases in
comparison to only 2 cases of in those who were
treated by adenoidectomy alone as shown in table 2.

Neither of adenoid size nor biofilm extension grade
had significant relation to postoperative outcome as
shown in table 3.

Adenoid size did not have significant association
with biofilm formation or postoperative outcome
among our studied children as shown in table 4.

denoidect Independent
adenoidectomy ; student t test/ chi
Clinical data with ventiation | 24engieeetomy square test
tube insertion n=20
n=20 /%2 p-
value
1,8.3%
Age (year) Y 6.140£1.165 0.839 | 0.407
Sex (n, %)
Male 8 (40%) 10 (50%) 0.404 | 0.525
female 12 (60%) 10 (50%)
Adenoid
enlargement 0 0
Mild 5 (25%) S(25%) | 3394 | 0.183
Moderate 11 (55%) 6 (30%)
sever 4 (20%) 9 (45%)
Biofilm extension
Grade 1(< 25%) 2 (10%) 3 (15%)
Grade 2 (25%-49%) 5 (25%) 5 (25%) 0.577 | 0.902
Grade 3 (50%-75%) 8 (40%) 6 (30%)
Grade 4>75% 5 (25%) 6 (30%)

Table 1: Comparison of clinical data of the studied
groups




adenoidectomy Independent
with adenoidectomy | studentt test/
Clinical data ventilation alone chi square test
tube insertion n=20 2 p-
n=20 t/X value
Follow up at 2
weeks
Resolved OM 18 (90%) 14 (70%) 2.500 | 0.114
Unresolved 2 (10%) 6 (30%)
oM
Follow up at 6
Res’:ﬁ;‘;hom 15 (75%) 20 (100%) 5714 | 0.017*
Complicated 5 (25%) 0(0%)
Follow up at
12 month 5 (25%) 2 (10%) 1.558 | 0.212
Complicated
Uncomplicated 15 (75%) 18 (90%)

*significant . OM: otitis media

Complication in group A 5 cases were early
extrusion 1lcases, recurrent OM 2 cases, lotorrhea, 2
residual perforation (one case may presented by more
than one complication)

Complications in group B were recurrent OM 2 cases
Table 2: medical course during follow up of the
studied children

Clinical data Uncomplicated | Complicated | Independent
cases cases student t test/
n=33 n=7 chi square test

Xt | p-
value

Age (year) 585710899 | 6333+1164 | , 0. | 0.255

Sex (n, %)

Male 14 (42.4%) 4(57.2%) | 0505 | 0.477
Female 19 (57.6%) 3 (42.8%)
Adenoid enlargement
Mild 6 (18.2%) 4 (57.1%)
Moderate 15 (45.4%) 2 (286%) | 760 | 009
Severe 12 (36.4%) 1 (14.3%)
Biofilm extension
Grade 1 4 (12.1%) 1(14.3%) | 4 54s
Grade 2 7 (21.2%) 3 (42.8%) : 0.627
Grade 3 12 (36.4%) 2 (28.6%)
Grade 4 10 (30.3%) 1 (14.3%)

Table 3: Comparison of clinical data, adenoid size

and bacterial biofilm between complicated and

uncomplicated children

Adenoid enlargement Ch'tse(ggare
Mild Moderate Severe X2 p-
(n=10) (n=17) (n=13) value
Biofilm
extension
Grade1 | L (102;0) g(ﬂ.ez;o) 1 (27.710$) 85 | 3000
Grade2 | 2 (30%) (11.8%) | 3(23.1%) | 55 | 0.20
Crade 3 | 3(30%) | 8(47.1%) | 3(23.1%)
Gradea | 1(10%) | 4(235%) | 6 (46.1%)
Outcome
Resolved OM 15 "
0,
Recurrent 6 (60%) (88.2%) (92.3%) 5.3 0.257
OM 2 (20%) 08
1(5.8%) | 1(7.7%)
Other 2 (20%) 1 (5.8%) 0(0%)
complications .

OM: otitis media
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Table 4: The relation between adenoid size and
bacterial biofilm formation among studied children
(n=40)

DISCUSSION

In addition to adenoid induced mechanical
Eustachian tube dysfunction, adenoid bacterial
colonization and biofilm formation may contribute to
persistent secretory otitis media . In cases that
failed medical treatment for 3 months, surgical
intervention is the most effective treatment option.
There is controversy regarding the best surgical
intervention technique. *?

In the current study we evaluated the long-term
outcome after the two common surgeries for
treatment of secretory otitis media in children (either
adenoidectomy  combined with insertion of
ventilation tubes or a

adenoidectomy alone). Despite initial higher rate of
improvement among those who underwent
adenoidectomy with ventilation tube insertion in
comparison to those who underwent adenoidectomy
alone (90% vs. 70%) but long term follows up
showed better outcome in those who underwent
adenoidectomy alone with significant higher
resolution rate (100% vs 75%) at 6 months follow up
and lower rate of complication (10% vs 25%) at 1
year follow up.

In agreement with our findings, Damoiseaux and
Rovers [13] concluded that ventilation tube insertion
seem to have only a short- term benefit in subjects
with secretory otitis media as it allows rapid release
of middle ear retained fluid. Mikals and Brigger
systematic review and meta-analysis demonstrated
that failure rate was higher in children treated by
tympanostomy  tube placement (31.8%) in
comparison to those who were treated by
adenoidectomy (17.2%). Boonacker et al ** showed
that children underwent adenoidectomy had higher
clinical improvement with failure rate of 16% at 12
months follow up. Hao et al ** reported that
adenoidectomy with ventilation tube insertion is
more effective with shorter duration of effusion cure
and lower rate of recurrence than ventilation tubes
alone in treating children with secretory otitis media
(19.77% vs 6.12%)).

Adenoidectomy has been emerged as an effective
surgical intervention for those with
persistent/recurrent secretory otitis media. Resolution
of symptoms after adenoid removal is not only
attributed to removal of enlarged hypertrophied
adenoid tissue and relieve of mechanical obstruction
leading to better aeration and drainage of retained
fluid in middle ear and improve Eustachian tube
function but also removal of the colonized bacterial
biofilm at adenoid tissue that act as source for
recurrent resistant infection Y.  Xu et al ®
demonstrated that pathogenic microorganisms
isolated from the middle ear effusion were similar to
that isolated from adenoid tissues of children with
secretory otitis media. Furthermore, infection from
adenoid tissue can be transmitted through ascending
pathway to middle ear cavity causing effusion. °
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Among our included children all of them showed
bacterial biofilm formation isolated from adenoid
tissue. There was no significant association between
adenoid size and biofilm formation. In agreement
with our findings, Saafan et al 2 reported that biofilm
formation in 74 % of adenoid specimen from
children with chronic OM with effusion in
comparison to 42% from adenoid of children who
had hypertrophied adenoid without middle ear
effusion with no significant relation between adenoid
size and biofilm formation. A lower prevalence of
bacterial biofilm in adenoid tissue was reported by
Kania et al 2! who found 63.5% bacterial biofilm in
adenoid of children with chronic secretory otitis
media.

This high prevalence of bacterial biofilm among our
studied children could explain the high-resolution
rate among our studied children with only 4 cases of
recurrence of OM (90%) after removal of adenoid
regardless of the insertion of ventilation tube.
Furthermore, adenoidectomy with or without
ventilation tube insertion was effective for decreasing
the recurrence of OM with effusion regardless of the
size of adenoid suggesting that the ineffectiveness of
antibiotic medications in those children may be
caused by nasopharyngeal biofilm forming bacteria.
The distribution of biofilm producing bacteria in the
nasopharynx plays an important role in the
development of recurrent OM with effusion in
children with higher risk in those who had bacterial
biofilm isolated from adenoid tissue located near the
ostium of Eustachian tube suggesting that colonized
adenoids act as a reservoir for bacteria 2. Evidence
showed that formation of bacterial biofilm is
associated with increased antibiotic resistance and
enhance the bacterial survival leading to recurrent or
persistent OM %,

Follow up of our studied children showed higher rate
of complications in those who underwent ventilation
tube insertion while recurrence of OM was similar
between both groups. Complications included early
extrusion, otorrhea and residual perforation. In
accordance with our findings, Saki et al [24] found
high rate of complications among children treated by
ventilation tube insertion in the form of transient
otorrhea (12.5%), delayed otorrhea (8.2%), tympanic
membrane atrophy (27.8%) tympano-sclerosis
(37.9%), and persistent perforation (2.4%). Vahedian
et al ® reported that complications related to
ventilation tube insertion were otorrhea (2%),
tympanosclerosis (12.2%), atrophy (6.8%), residual
perforation (1.5%), and recurrent OM (3.9%).

The small number of included children represent a
major limitation of the current study however the
long follow up for one year increase the strength of
the study findings.

CONCLUSION

Bacterial biofilm is a key element in persistence of
adenoid chronic mucosal inflammation and may act
as a reservoir for infection in children with
recurrent/persistent oM with significant
improvement after removal of the infectious source
in the nasopharynx irrespective of the adenoid size
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which just acts as a mechanical factor for
obstruction of the Eustachian tube. Regardless the
surgical intervention method, removal of adenoid
was associated with relieve of OM with significant
higher rate of complications in those undergo
adenoidectomy with ventilation tube insertion. Our
findings add evidence that adenoidectomy alone
without tube insertion is sufficient to achieve
improvement in patients with secretory otitis media.

Hence, we can avoid exposing children to
tympanotomy and tube insertion long term
complications.
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