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Abstrakt

“ Langtidseffekter pa horseln efter rorbehandling i barndomen - En litteraturstudie “
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Bakgrund: Sekretorisk mediaotit (SOM) &r vanligt i barndomen och orsakar en konduktiv
horselnedséttning som kan ha negativa effekter pé tal-och sprakutvecklingen. Den vanligaste
behandlingen mot SOM ér roérbehandling, men trots kortsiktiga fordelar dterstar en osékerhet

kring langsiktiga effekter pa horseln.

Syfte: Att undersoka langtidseffekter (> 5 &r) pa horseln efter rorbehandling 1 barndomen.

Material & Metod: Studien genomfordes 1 form av en beskrivande litteraturstudie. Tolv

originalartiklar inkluderades med en uppf6ljningstid mellan 5 och 25 ar.

Resultat: De flesta av individerna som genomgatt rorbehandling i barndomen hade hortrosklar
inom normalomrédet vid uppfoljning. Nagra studier rapporterade 10 dB forhdjda hortrosklar
och 1 vissa fall horselnedséttning (>20 dB HL). Sdmre horsel observerades sérskilt 1 utvidgat
hogfrekvensomrade (>8 kHz) (extended high frequency hearing), for individer som genomgatt

flera rorbehandlingar, eller for individer med samtidig trumhinnepatologi.

Slutsatser: Horselutfallen lag generellt inom normalomradet med begransad klinisk betydelse.
Utvidgad hogfrekvenshorsel kan vara mer pdverkad. Samtidig trumhinnepatologi verkar kunna

leda till simre horselutfall medan resultatet frén upprepade rorinsittningar dr inkonsekvent.

Nyckelord: langsiktigt horselutfall - rérbehandling - sekretorisk mediaotit - barndom -

horselnedséttning



Abstract

“ Long-term hearing outcomes after ventilation tubes treatment during childhood - A
literature review ”

Bachelor thesis: 15 ECTS

Program: Audiology

Course: Bachelor thesis in Audiology
Level: First-cycle

Term/year: Spring/2026

Supervisor: Hanna Gothberg

Examiner: André Sadeghi

Background: Otitis media with effusion (OME) is a common condition in childhood, which
leads to conductive hearing loss that may negatively affect speech and language development.
Ventilation tube (VT) insertion is a widely used treatment for OME, but despite the short-term

benefits, long-term effects on hearing outcomes remain uncertain.

Aim: To investigate long-term (> 5 years) hearing outcomes after ventilation tube treatment

during childhood.

Material & Methods: A literature review was conducted, including 12 original studies with

follow-up periods between 5-25 years.

Results: Most of the individuals treated with VTs during childhood had hearing outcomes
within normal limits at follow-ups. Some studies reported elevated hearing thresholds, up to 10
dB, and some cases of hearing loss (>20 dB HL). Poorer hearing outcomes were observed
particularly at extended high frequencies (>8 kHz), in individuals with repeated VT insertion

and in individuals with tympanic membrane pathologies.

Conclusion: Hearing outcomes were generally within normal limits with limited clinical
significance. Extended high-frequency hearing may be more affected, and tympanic membrane
pathology may contribute to poorer hearing outcomes, while repeated VT insertions' results are

inconsistent.

Key words: long-term hearing outcomes - ventilation tubes - otitis media with effusion -

childhood - hearing loss
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AOM
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HL

SNHL

PTA
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RCT

EHF

AC
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PTA4

HPTA3

BMT

PE tubes

AAO-HNS

PTFE

Otitis Media with Effusion

Acute Otitis Media

Ventilation Tubes

Hearing Loss

Sensorineural Hearing Loss
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World Health Organization
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1. Background

1.1. Introduction

Otitis media with effusion (OME) is a condition characterized by the accumulation of fluid in
the middle ear, typically without signs of an acute infection. It often occurs after an ear infection
or due to dysfunction of the Eustachian tube and may lead to temporary conductive hearing loss.
Conductive hearing loss associated with OME can reduce a child’s ability to hear, causing pain
and discomfort and negatively affecting the overall quality of life. Even mild hearing loss during
early childhood can disrupt everyday communication, which can have an impact on speech,
language, and psychosocial development (Paradise et al. 2001). Ever since its introduction in
1954 by Armstrong, ventilation tube (VT) insertion has been one of the most commonly used
interventions for the treatment of OME. Ventilation tubes can provide immediate relief from
pain and pressure, improve hearing (MacKeith et al., 2023), and potentially reduce
developmental consequences associated with persistent middle ear effusion (Paradise et al.

2001).

Previous reviews indicate that hearing often improves in the first few months following surgery,
although these benefits may decrease over time (Browning et al., 2010; MacKeith et al., 2023;
Steele et al., 2017). Concerns have been raised regarding possible long-term complications after
VT treatment, such as the risk of long-term hearing impairment, tympanic membrane changes,
persistent perforations and tympanosclerosis (Nagar et al., 2022; Knutsson et al., 2018).
However, the existing evidence is mixed leading to uncertainty regarding long-term clinical
outcomes. Since VT insertion is one of the most common pediatric surgical procedures, it is
especially important to understand and clarify both its benefits and potential long-term effects

on hearing.

This literature review aims to explore whether VT treatment during childhood is associated with

long-term hearing consequences later in life.
1.2. Otitis media

Otitis media 1s defined as inflammation of the middle ear mucous membrane and tympanic
membrane. It is a very common condition in children; 76-95% have one episode of otitis media
before 6 years of age. Risk factors include Down syndrome, human immunodeficiency virus

(HIV), acquired immunodeficiency syndrome (AIDS), and craniofacial anomalies like cleft



palate (Madell et al., 2019).

Eustachian tube dysfunction resulting from an upper respiratory tract infection is a common
cause of otitis media. The main microorganisms involved are Haemophilus influenzae,
Streptococcus pneumoniae, and Branhamella catarrhalis (Gelfand, 2016). Dysfunction of the
eustachian tube means that the tube does not open properly or is blocked, for example, by
swelling of the nasopharynx or by fluid as a result of an upper respiratory infection. Other factors
include inflamed adenoids, blockage by hypertrophic adenoids, or craniofacial abnormalities
such as cleft palate, as it affects the tensor palatini muscle (Gelfand., 2016). Children's
eustachian tubes are more horizontal than those of adults and are also shorter. These factors may
prevent the eustachian tube from ventilating and equalizing the pressure in the middle ear, and
also allow infectious secretions from the nasopharynx into the middle ear (Gelfand, 2016;

Madell et al., 2019)

Otitis media is described in different ways depending on the duration and progress of the disease,
if there is fluid in the middle ear, and what kind of fluid (serous, mucoid, suppurative, purulent,
or sanguineous) or if there is a bacterial infection going on at the same time (Gelfand, 2016).
Otitis media with effusion (OME) means that there is fluid in the middle ear without an ongoing
acute infection. This often results in conductive hearing loss. The condition is called Chronic
OME if the disease persists for 3 months or more. OME often comes as a result of acute otitis

media (AOM) (Gelfand, 2016; Madell et al., 2019).

AOM means that there is a bacterial infection in the middle ear with quick onset, causing signs
and symptoms of inflammation, like reddening and bulging of the tympanic membrane and
otalgia (ear pain). As mentioned before, it is commonly caused by an upper respiratory infection.
It is called acute when the duration is shorter than 3 weeks. The effusion in the middle ear can
be purulent (containing pus) or suppurative. Sometimes the tympanic membrane can rupture
from the pressure, and a purulent discharge can be seen in the ear canal (otorrhea). Other
symptoms of AOM are fever, dizziness, and conductive hearing loss. The definition of recurrent
AOM is repeated, separate episodes of AOM. Either 3 episodes in 6 months or 4 episodes in 12
months, with one episode under the last 6 months (Gelfand, 2016; Madell et al., 2018; Rosenfeld
et al., 2022).

1.3. Treatments for otitis media with effusion

Depending on the severity and development of OME, different treatments are considered, either

non-surgical or surgical. OME is a condition with a high rate of spontaneous resolution and
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therefore it is recommended to start with monitoring and support (also called watchful waiting)
for 3 months before surgical intervention is considered (National Institute for Health and Care
Excellence [NICE], 2023). During this time, the child can use autoinflation devices such as
Otovent nasal balloon or Valsalva maneuvers to help equalize middle ear pressure (Svensk
Forening for Otorhinolaryngologi, Huvud- och Halskirurgi [SFOHH] et al., 2019). If the child
does not have hearing loss associated with OME at the 3-month follow-up, no further follow-up
is needed. However, if hearing loss is present, ventilation tubes (VTs) insertion can be
considered with adenoidectomy (removal of the adenoids) as an adjuvant treatment, the latter
depending on the age of the child (National Institute for Health and Care Excellence, 2023).
Hypertrophic adenoids contribute to the blockage of the eustachian tube. Therefore, the removal
of adenoids can be helpful for children with middle ear effusion (Gelfand, 2016). Another
surgical treatment is myringotomy, which means that a small incision is made in the eardrum to
help drain the middle ear from the effusion (Gelfand, 2016). According to the clinical practice
guidelines by the American Academy of Otolaryngology-Head and Neck Surgery (AAO-HNS),
written by Rosenfeld et al. (2016), myringotomy is associated with less eardrum pathology than
the more common VT treatment, but VTs have a more dependable short-term impact on effusion

resolution.

Non-surgical treatments for OME include decongestants and intranasal or oral steroids,
discussed by Rosenfeld et al. (2016). However, these are not recommended as routine treatments
for OME, since there is no evidence supporting their effectiveness. Additionally, Rosenfeld et
al. (2016) do not recommend using antibiotics based on the risk for bacterial resistance, and
since research does not show any improvement on hearing. These recommendations regarding
non-surgical treatments are supported by SFOHH et al. (2019) and NICE (2023), adding that

hearing aids are also an alternative to VTs.

1.4. Ventilation tubes

1.4.1 Overview

Ventilation tubes (VTs) are primarily used to reduce hearing loss as a result of persistent middle
ear effusion (Rosenfeld et al., 2022). The tubes help drain the middle ear and equalize pressure.
Other common reasons for VT surgery are repeated infections in the middle ear or ear infections

that persist despite treatment with antibiotics (SFOHH et al., 2019; Rosenfeld et al., 2022).

Synonyms used in the literature for VTs include terms such as tympanostomy tubes, pressure

equalization tubes (PE tubes), and grommets. According to Knutsson et al. (2018), this



procedure represents one of the most frequently performed pediatric surgeries, as by the age of

three, approximately 6.8% of children in North America have undergone VT insertion.

1.4.2. General guidelines regarding surgery with ventilation tubes

VT surgery is considered for children with bilateral OME with a duration of at least 3 months,
hearing loss of 25 dB HL or greater (Pure Tone Average at four frequencies, PTA4), and
consequences on social function from hearing loss. Additionally, surgery is considered for
bilateral OME with a duration of at least 6 months and hearing loss of 25 dB HL or greater
(PTA4), or consequences on social function from hearing loss. A child can also receive VT
insertion because of recurrent acute otitis media of at least 3 episodes during a 6-month period
and, after referral to an ear, nose, and throat (ENT) department, one more episode during the
observation time of 1-2 months (SFOHH et al., 2019). However, children with disabilities that
may impact communication may receive VTs earlier since they are at greater risk of suffering
negative consequences from OME. It is not considered necessary for children with unilateral
OME to get surgery if there are no consequences for their everyday communication. During the
summer months, OME may resolve more easily, and therefore surgical intervention can be

postponed (SFOHH et al., 2019).

A clinical practice guideline regarding VT surgery (for children aged 6 months-12 years) has
been published by Rosenfeld et al. (2022). In addition to previous guidelines, Rosenfeld et al.
(2022) recommend that children should be followed up within 3 months after VT treatment, and
parents should be informed about the need for regular follow-up reexaminations until the VTs
extrude. Rosenfeld et al. (2022) do not recommend VTs to children with recurrent AOM without

middle ear effusion.

1.4.3. Modern ventilation tubes

Several different types of VTs were developed over the years, using various materials such as
hard rubber, silver, aluminum, and gold. Currently, VTs are mainly made from plastics such as
silicone and fluoroplastics (polytetrafluoroethylene or PTFE), sometimes made from metals
including stainless steel, gold, and titanium (Nagar et al., 2022). As VTs represent foreign bodies
in the middle-ear, it is important to choose materials that are biocompatible in order to reduce
the risk of complications as well as to maintain their function (Nagar et al., 2022). According to
Nagar et al. (2022), PTFE and silicone are among the most frequently used materials due to
good tissue compatibility and favorable clinical outcomes. In some cases, different coatings of

silver oxide or antibiotics are applied on the tube’s surface in order to reduce infection,
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inflammation, and other tube-related complications (Nagar et al., 2022).

1.4.4. Ventilation tubes classification and complications

Although VTs come in different designs, they are often classified as short-term and long-term
tubes. The difference between the two types of VTs is based on how long they are designed to

remain in the tympanic membrane (Nagar et al., 2022).

Short-term tubes are most commonly used and designed to remain in place for approximately
8-15 months, usually being gradually extruded as the tympanic membrane heals. Long-term
tubes, on the other hand, have a longer retention time, usually over 15 months and up to 36
months. Long-term tubes are often used when prolonged ventilation of the middle ear is required

(Nagar et al., 2022).

Several complications may occur following the VT insertion procedure. Knutsson et al. (2018)
reported in their randomized study that the most common complication after ventilation-tube
treatment is infection and that 13.8% of the ears developed otorrhea, which refers to ear
discharge. This finding agrees with Nagar et al. (2022), who also describes otorrhea as the most
common complication after VT treatment. Other reported complications include
myringosclerosis, characterized by white calcified patches on the eardrum that rarely spreads to
the ossicle chain in the middle ear (Hidaka et al., 2022), and tympanosclerosis, which also
involves white calcified deposits but with possible spread to the ossicular chain (Gelfand, 2016).
Additional complications are atrophy of the eardrum, characterized by reduced elasticity and
stiffness (Hidaka et al., 2022), tube clogging, which refers to a blocking in the VT with blood,
wax or ear discharge, and persistent perforations that do not heal on their own (Nagar et al.,
2022). In a study by Knutsson et al. (2018), it is mentioned that long-term VTs are associated

with a higher risk for persistent perforations, most likely due to their long retention time.

1.5. Diagnosis, surgical procedure and clinical management

In order to determine the appropriate treatment, it is crucial that the methods used to establish
the diagnosis are as accurate as possible. These methods involve a careful assessment of the
middle ear condition, as well as assessment of the auditory function (SFOHH et al., 2019). The
diagnosis is determined by examining the tympanic membrane using pneumatic otoscopy, a
sealed otoscope in which controlled air pressure is applied, or by using otomicroscopy, which

has a higher sensitivity and specificity. When needed, tympanometry is used as an additional



test to complement the other clinical assessments and examinations (Frey Esgérd et al., 2024).
In addition, wideband tympanometry has been shown to be useful in the assessment of OME
and related middle ear conditions. According to Grais et al. (2021), it provides frequency-
specific information about middle ear function and demonstrates higher diagnostic accuracy
compared to conventional tympanometry. These assessments are then complemented by hearing

evaluation in order to assess the degree of hearing loss. (SFOHH et al., 2019).

The VT insertion takes place mostly under general anesthesia and it involves an ENT surgeon
performing a small incision in the anterior or inferior part of the tympanic membrane, also
known as myringotomy (MacKeith et al., 2023). The fluid from the middle ear is then removed
by suction and the VT is inserted into the eardrum (MacKeith et al., 2023). The main purpose
of inserting the tube is to reduce middle ear effusion, prevent fluid accumulation, restore

ventilation of the middle-ear, and improve hearing (Rosenfeld et al., 2022).
1.6. Effects on hearing

As mentioned before, OME may cause conductive hearing loss that often fluctuates with the

degree of middle ear effusion (Gelfand, 2016; Madell et al., 2019).

Several systematic reviews and randomized controlled trials (RCTs) have documented that VT
treatment may improve hearing in the short term. According to a meta-analysis by Steele et al.
(2017), VT insertion improved hearing by 9,1 dB compared to watchful waiting in the first 1-3
months. This benefit was not seen in the long-term (12-24 months). These findings are similar
to those found in a review including 19 RCTs by MacKeith et al. (2023). MacKeith et al. (2023)
concluded that VT treatment may have a beneficial effect on hearing in the short-and medium-
term (about 3-12 months) compared to other treatments (watchful waiting, autoinflation,
antibiotics, myringotomy, or hearing aids). However, this benefit was unclear in the long term
(>1 year). Nevertheless, it should be noted that MacKeith et al. (2023) rated the quality of
evidence as very low, indicating limited confidence in the estimated effects reported in the study.
The uncertainty of the evidence is because of methodological limitations in the included studies,
such as wide confidence intervals for the effect estimates, few participants, and risk of
performance and detection bias. In the previous review on the topic by Browning et al. (2010),
including 10 RCTs, the findings were similar. VT treatment appears to have a small benefit in
hearing outcome, but after 6-9 months, the effect diminishes and becomes less distinct from that

of non-surgically treated controls.



1.7. Effects on speech and language development

Hearing plays an important role in early childhood development and is essential for the
acquisition of speech and language. Since OME can cause conductive hearing loss, some
concerns have been mentioned about the potential impact on children's speech and language

development (Madell et al., 2018; Rosenfeld et al., 2022).

An important goal of VT insertion is to improve hearing and reduce the occurrence of OME,
which may be associated with speech and language development difficulties in some children.
As stated by Fahmy et al. (2025), speech and language developmental outcomes vary among
children and may depend on factors such as the timing of VT insertion, the severity and duration
of OME, as well as health status, socioeconomic conditions, and environmental factors. The
same systematic review included studies involving children aged 2—5 years - a period considered
sensitive for cognitive and language development - and reported improvements, especially
within the first nine months following the intervention. In contrast, long-term developmental

outcomes were not clearly determined.
1.8. Motivation for the study

Since OME is a condition that occurs during a critical period in speech and language
development, even a temporary hearing loss might create concerns regarding its potential impact
in the long-term. Many children experience a fluctuating conductive hearing loss due to fluid in
the middle ear, which may affect their auditory function during developmental stages. The
clinical practice guidelines by Rosenfeld et al. (2022) suggest that VT insertion can improve
hearing in the short term. The same guidelines, however, point out that long-term benefits, such
as hearing outcomes, remain uncertain. While VT treatment may provide immediate hearing
improvement, the potential long-term effects on hearing are not fully understood. Furthermore,
it remains unclear whether repeated VT insertions increase the risk for long-term hearing

impairment or other related complications.

The World Report on Hearing (WHO, 2021) emphasizes that early identification and
intervention are crucial in order to prevent long-term impacts. Therefore, studying the long-term
effects on hearing is beneficial from both a clinical and social perspective. Considering the large
number of children receiving VT treatment, even limited long-term negative outcomes may have
significant public health implications. Further knowledge regarding long-term hearing outcomes

is essential in order to support evidence-based clinical decision-making and may help determine
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whether VT treatment should be used more restrictively in specific situations.

Despite existing reviews indicating uncertainty about long-term hearing outcomes after VT
insertion, the evidence remains inconsistent. In addition, the interpretation of existing findings
is complicated by the fact that studies define and assess “long-term effects” using varying
follow-up periods. Consequently, it remains difficult to determine how VT treatment may affect

hearing later in adolescence and adulthood.

A literature review is therefore relevant in order to summarize and clarify current evidence, to
identify patterns investigating long-term hearing outcomes extending into adolescence and
adulthood, as well as to evaluate the clinical relevance of potential hearing long-term effects
following VT treatment during childhood. Additionally, previous reviews have mainly focused
on randomized controlled trials (RCTs), whereas evidence from surgical or clinical registries
and prospective cohort studies may also contribute valuable insights into long-term outcomes,

as highlighted by MacKeith et al. (2023).

2. Aim and Research questions

2.1. Aim

This literature review aimed to investigate the long-term effects of ventilation tube treatment on

hearing in children who experienced otitis media with effusion (OME) or recurrent AOM during
childhood. By examining outcomes = 5 years after ventilation tube insertion, the study sought

to clarify how this common condition and its treatment may impact hearing later in life.

2.2. Research Questions

e How does ventilation tube treatment during childhood affect auditory function in the
long-term > 5 years after VT insertion?
e Does repeated ventilation tube treatment increase the risk of permanent hearing loss later

in life?



3. Material and method
3.1. Sample

3.1.1. Inclusion criteria

e Studies that examine hearing in teenagers and adults with a history of OME or recurrent
AOM and ventilation tube treatment between 0-14 years of age.

e Studies that examine consequences on hearing more than 5 years after VT insertion.

e Papers published after 2000.

e Papers written in English.

e Original papers.

® Peer reviewed.

3.1.2. Exclusion criteria

e Studies published before 2000.

e Studies exclusively investigating specific tympanic membrane conditions
related to ventilation tube insertion that are not relevant to otitis media with
effusion outcomes.

e Studies exclusively including children with cleft palate.

e Studies exclusively including children with neurological disorders, syndromes,

or other significant developmental disabilities.

3.2. Study design:

This thesis was conducted as a descriptive literature study, in which a total of 12 original
scientific papers were selected based on their relevance to the research aim and questions. The
purpose of the study was to synthesize findings from previous research in order to provide an

overview of the current state of knowledge in the field.
3.3. Data collection

The data collection was conducted through systematic searches in two databases: PubMed and
CINAHL. Similar search terms were used in both databases. Several filters, such as language,
time frame, and article types, were applied in order to identify papers that met the inclusion
criteria. During the database searches, papers were reviewed and selected by titles, followed by

an assessment of the abstracts. The selected papers were then evaluated based on their relevance
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and quality. In addition, four papers were added to the final selection, through manual searches

of the reference lists of relevant studies (Fig.1).

Total search hits from
2 database:
2941
Excluded papers:
2872
Reviewed papers by Reviewed papers by
title: 107 abstract: 50

Final selected papers:
12

Figure 1. Article selection progress

Table 1. Search scheme for data collection

Date | Database Search Filters Nr. of | Reviewed | Reviewed Selected
hits by titles at abstract | papers
level
19/2 | PubMed middle ear ventilation OR ear Past 20 143 10 6 4
tube* OR grommet* OR years

transmyringeal tube* OR
tympanostomy tube* AND
hearing loss OR “hearing
impairment” AND child* OR
“early childhood” OR child,
preschool AND long term
adverse effects OR treatment
outcome OR follow-up studies
OR long-term AND “secretory
otitis media” OR “middle ear
effusion” OR otitis media with
effusion

25/2 | PubMed "middle ear ventilation" OR Past 20 2,587 | 41 6 0
"ear tube" OR "ear tubes" OR | years
grommet* OR "transmyringeal
tube" OR "transmyringeal
tubes" OR "tympanostomy
tube" OR "tympanostomy
tubes" AND hearing loss OR
"hearing impairment" AND
child* OR "early childhood"
OR child, preschool AND long
term adverse effects OR
treatment outcome OR follow-
up studies OR long-term AND
"secretory otitis media" OR
"middle ear effusion" OR otitis
media with effusion) NOT
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(Cleft Palate)) NOT (Review))
NOT (Systematic Review)

1972

CINAHL

("Otitis Media with Effusion")
OR ("otitis media with
effusion" OR OME OR "glue
ear" OR "secretory otitis
media" OR "serous otitis
media") AND
("Tympanostomy Tubes") OR
("ventilation tube*" OR
"tympanostomy tube*" OR
grommet* OR "PE tube*" OR
"pressure equalization tube*")
AND ("Hearing Loss,
Conductive") OR "Hearing"
OR (hearing OR "hearing loss"
OR audiolog* OR "hearing
outcome*" OR "auditory
function") AND ("Infant" OR
"Child, Preschool") OR
(infant* OR toddler* OR
preschool* OR child*)

Peer-
reviewed

122

14

1972

CINAHL

("Otitis Media with Effusion")
OR ("otitis media with
effusion" OR OME OR "glue
ear" OR "secretory otitis
media" OR "serous otitis
media") AND
("Tympanostomy Tubes") OR
("ventilation tube*" OR
"tympanostomy tube*" OR
grommet* OR "PE tube*" OR
"pressure equalization tube*")
AND ("Hearing Loss,
Conductive") OR "Hearing"
OR (hearing OR "hearing loss"
OR "hearing outcome*" OR
"auditory function") AND
("Infant" OR "Child,
Preschool") OR (infant* OR
toddler®* OR preschool* OR
child*)

Peer-
reviewed
Past 20
years

53

19/2

CINAHL

("Otitis Media with Effusion")
OR ("otitis media with
effusion" OR OME OR "glue
ear" OR "secretory otitis
media" OR "serous otitis
media")AND
("Tympanostomy Tubes") OR
("ventilation tube*" OR
"tympanostomy tube*" OR
grommet™* OR "PE tube*" OR
"pressure equalization tube*")
AND ("Hearing Loss,
Conductive") OR "Hearing"
OR (hearing OR "hearing loss"
OR "hearing outcome™*" OR
"auditory function") AND
(("Infant" OR "Child,

Peer-
reviewed

Past 20
years

36

11

11




Preschool") OR (infant* OR
toddler* OR preschool* OR
child*)) AND ((long-term
outcome™ OR follow-up OR
extended follow-up)) NOT
cleft palate
27/2 | Manual Peer- 31 23 4
- search in reviewed
22/3 | the Past 25
reference years
lists of
selected
sources
Total 12
3.4. Data analysis

All papers included in this literature review were read by both authors. Appendix 1, included at
the end of this paper, was used for the quality assessment, and the studies were divided equally
between the authors for this process. Since not all questions in Appendix 1 were applicable to
every paper, the following thresholds were used for classification: >75% high quality, 50-75%
medium quality, and <50% low quality. A brief summary of each paper is presented in Appendix
2.

3.5. Ethical considerations

Only peer-reviewed original papers approved by an ethical review board were considered and
included in this study. The findings from the selected papers were presented objectively and
accurately, ensuring that they were faithfully represented without intentional misinterpretation.
All relevant data addressing the research questions were reported as objectively and neutrally as
possible. All references and citations were managed in accordance with the APA 7 reference
guide. Possible weaknesses of the included studies have been taken into consideration, such as
small sample sizes, follow-up lengths, and other different methodologies. These factors may

have influenced the results and conclusions of the review.

4. Results

Twelve original papers were included in this literature review, published between 2003 and
2023. Research was conducted in Denmark, Sweden, the Republic of Korea, Canada, Finland,
the Netherlands and the USA. The included papers are prospective (n=8), retrospective (n=3)

long-term cohort studies, and a retrospective case series chart review. The shortest follow-up is
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5 years after VT insertion, while the longest is 25 years. The participants range from teenagers
to adults who received VTs in childhood for OME or recurrent AOM when they were 0-14 years
old. Four studies have explicitly excluded participants with cleft-palate. Since this was not
specified in the other studies, it was assumed that children with cleft palate were excluded;
however, this cannot be stated with certainty. The studies' outcome measures are pure-tone
hearing thresholds and pathological changes to the tympanic membrane. Since the aim of this

literature review is to investigate hearing outcomes, the focus will be on hearing thresholds.
4.1. Research Question 1

e How does ventilation tube treatment during childhood affect auditory function in the

long-term > 5 years after VT insertion?

4.1.1. Overall hearing outcome

The long-term impact of VT treatment on hearing is an area of ongoing investigation. Results
from the longitudinal cohort studies included in this literature review have shown that most
individuals have hearing thresholds within the normal limits (<20 dB HL) at follow-ups ranging
from 5-25 years. In some long-term follow-up studies, Khodaverdi et al. (2013) and Cayé-
Thomasen et al. (2008), the average hearing thresholds were reported to be below 20 db HL, 25
years after VT treatment. According to them, there was no significant difference in hearing
outcome between the treatment groups and nontreatment groups or between ears at the tested
frequencies. Khodaverdi et al. (2013) reported a small elevation, up to 5 dB at high frequencies
above 4 kHz, in subjects who received VT and this elevation was associated with tympanic

membrane pathology, such as eardrum atrophy and myringosclerosis.
4.1.2. Hearing thresholds differences

Small differences in elevated hearing thresholds among VT treated groups were reported in
other studies (Daly et al., 2003; Kaffenberger et al., 2020; Valtonen et al., 2005), although they
occur in a small number of participants, suggesting that hearing loss is rather uncommon. Daly
et al. (2003) and Kaffenberger et al. (2020) found that between 3 - 4% of the participants had
hearing thresholds above 20 dB HL at the § years and 10 years follow up, respectively. Similar
results were found by Valtonen et al. (2005) in their 14-year follow-up study, where the standard
pure tone audiometry (AC+BC) showed that 5.5 % of the subjects had hearing loss with
thresholds above 15 dB HL.
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Slightly higher prevalence of hearing loss among participants treated with VTs was reported by
both Sederberg-Olsen et al. (2018) and Pauli et al. (2023) in each of their 25 years follow-up
studies. Although majority of the subjects, i.e. 89% (152 ears), had normal hearing after air-
conduction audiometry (0.5 — 2 kHz), Sederberg-Olsen et al. (2018) concluded that 9.4% had
hearing thresholds between 21-30 dB HL and 1.6% had thresholds above 30 dB HL. These
findings are in line with those reported by Pauli et al. (2023), who observed that approximately
10% of the VT-treated group had poorer hearing outcomes at final follow-up, with a mean

difference of 4.6 dB compared to the control group.

Elevated hearing thresholds were also found by two large cohort studies, each having the follow-
up at 18 years of age. De Beer et al. (2004) included 358 participants and reported that VT
treatment in early childhood was associated with a mild hearing loss of 4-9 dB compared with
those who did not receive VT treatment. Augustsson et al. (2005) conducted an even larger
cohort study of 951 Swedish conscripts and reported that elevated hearing thresholds were more
common among individuals treated with VT during childhood. However, thresholds exceeding
20 dB were mainly observed at isolated frequencies between 0.5 and 3 kHz. In an ear-level
analysis, Augustsson et al. (2005) reported that in the right ear, the hearing thresholds were
elevated more evenly across frequencies, while on the left ear, elevated thresholds were more

common at 8 kHz.

Studies with shorter follow-up periods showed similar results. Stenstrom et al. (2005) studied
the effects on hearing 6-10 years after VT treatment. Hearing thresholds were between 2 - 8§ dB
higher at all tested frequencies (0.25 - 6 kHz) in the VT group compared to the medical treated
group. Moreover, VT insertion was associated with higher risk for tympanic membrane
pathology. In the retrospective study by Hong et al. (2014), it was found that hearing loss was
more common among individuals who had more than one VT insertion (36.3%) compared to

those with only one insertion (18.2%) or no VT treatment (4.4%).
4.1.3. High-frequency hearing loss

More significant hearing deteriorations were presented by some studies, particularly in the
extended high frequency (EHF) range. Pauli et al. (2023) found that hearing loss at these
frequencies, 10-16 kHz, was more common among the VT group compared to the healthy group,

with 31% having hearing thresholds above 20 dB HL.

Another 10-year follow-up study by Hakansson et al. (2015) showed similar findings regarding
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EHF hearing outcomes, reporting approximately 10—15 dB poorer hearing thresholds at

frequencies between 8 and 16 kHz compared to the standard frequency range.

In summary, findings regarding long-term hearing outcome vary across the studies included,
with some presenting no significant or only small hearing differences, while others reporting
elevated hearing thresholds among individuals treated with VTs and a small proportion having
mild hearing loss. Moreover, findings suggest that hearing in the high-frequency range,
especially over 8 kHz, may be more affected than hearing at the standard tested frequencies (see
Table 2). Although VT treatment during childhood does not appear to be associated with

significant long-term hearing deterioration, some differences in hearing thresholds have been

observed among VT-treated individuals.

Table 2. Summary of long-term hearing outcomes after ventilation tubes treatment

Study Follow-up Main results from pure- Comments
tone audiometry
Khodaverdi et al. (2013) 25 years No significant difference; < | Associated with tympanic
5 dB (HF) membrane pathology
Cayé-Thomasen et al. (2008) 25 years No significant difference
Daly et al. (2003) 8 years 2-5 % HL>20dB HL increased with number
of VTs
Kaffenberger et al. (2021) 10 years 3.7% documented HL 44% conductive HL
44% SNHL
Valtonen et al. (2005) 14 years 5.5% PTA4>15dB Mostly conductive HL
Sederberg-Olsen et al. (2018) | 25 years 89% normal hearing; 9.4%
=21-30dB; 1.6% >30 dB
Pauli et al. (2023) 25 years 10% PTA4 >20 dB; 31% EHF (10-16 kHz) more
HPTA3 >20 dB affected; only multiple VTs
had PTA4 HL
De Beer et al. (2004) 18 years AC 4-9 dB poorer vs Repeated VTs associated
controls with greater HL
Augustsson et al. (2006) 18 years Elevated thresholds >20 dB | More common at 500 Hz—8
at isolated frequencies kHz; no correlation with
number of VTs
Stenstrom et al. (2005) 6—10 years VT group 2.1-8.1 dB Tympanic membrane
poorer thresholds pathology associated with
+10 dB HL
Hong et al. (2014) Mean 8.4 VT1:159dB; VT2: 17.8 Repeated VTs and TM
years dB; OBS: 10 dB pathology associated with
poorer hearing
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Hékansson et al. (2015) 10 years 10—15 dB poorer thresholds | EHF deterioration associated
at 8—16 kHz with TM pathology

Abbreviations: HL: Hearing loss; VT1: Ventilation tubes first time, VT2: Ventilation tubes more than
once; AC: Air Conduction; PTA4: Pure Tone Average at 4 Frequencies; EHF: Extended High

Frequencies; TM: Tympanic Membrane.

4.2. Research Question 2

e Does repeated ventilation tube treatment increase the risk of permanent hearing loss later

in life?

4.2.1 Repeated ventilation tubes

Augustsson et al. (2006) examined the screening results at conscription for boys with a history
of OME compared to boys without a history of OME. However, no correlation between the
number of ventilation tube insertions and elevated hearing thresholds was found. Hong et al.
(2014) examined hearing outcomes in two VT groups: those who received tubes once (VT1)
and those who received tubes more than once (VT2). As mentioned before, hearing loss was
more common in the VT2 group, but the differences in AC thresholds between the groups were
not significant. Valtonen et al. (2005) came to the conclusion that VT treatment, including
multiple VTs, is a safe treatment from a hearing perspective. They report that 13 (5.5%) of 237
ears had hearing levels worse than 15 dB at the follow-up, which were mainly related to

unsuccessful otological outcomes such as retractions and perforations.

On the contrary, de Beer et al. (2004) report on a deterioration of hearing acuity in participants
receiving VTs more than once. When this group was compared with the group that received
only one insertion, the pure tone average was 3 dB HL poorer for the group that received
multiple insertions (p < 0.05). Pauli et al. (2023) found that all subjects with hearing loss in the
VT group (defined as PTA4 > 20 dB) had received re-surgeries two or more times bilaterally.
Additionally, Daly et al. (2003) reported an increase in hearing loss (defined as average hearing
level of > 20 dB or higher or any threshold > 30 dB or higher) with the number of ventilation
tubes at years 3 and 8 of follow-up. However, they also suggested that it is uncertain whether
this is attributable to OME persistance and severity or the VT treatment itself, as all subjects in

the study received VTs and patients who receive VTs generally have worse disease.

16



4.2.2 Eardrum pathology

The role of eardrum pathology as a potential explanation for hearing loss is worth mentioning.
Several studies acknowledge that VT-treated subjects/ears have a higher prevalence of eardrum
pathology compared to control groups (Hékansson et al., 2014; Hong et al., 2014; Pauli et al.,
2023; de Beer et al.,, 2004) or compared to the other ear receiving a different treatment
(Khodaverdi et al., 2012; Caye-Thomasen et al., 2008). Some studies are also reporting an
increase in eardrum pathology with the number of VTs (Hakansson et al., 2014; Hong et al.,
2014; Cayé-Thomasen et al., 2008). Eardrum pathology is associated with slightly elevated
hearing thresholds in the higher frequencies (Hékansson et al., 2014) and with 10 dB HL
significantly poorer mean hearing thresholds (Stenstrom et al., 2005). Similarly, de Beer et al.
(2004) found a mean pure tone average of 3.4 dB HL worse hearing in the group with eardrum
pathology compared to those without (p<<0,001). Eardrum pathology was not a prerequisite for
hearing loss, nevertheless, most subjects with hearing loss had both eardrum pathology and a
history of VT treatment. As mentioned before, Hong et al. (2014) did not find a significant
difference in AC hearing thresholds between the group receiving repeated VTs (VT2) compared
to the group receiving one insertion (VT1). On the other hand, since the VT2 group presented
more eardrum pathology and worse hearing than the VT1 group compared to the OBS group,
Hong et al. (2014) reported a potential risk for hearing loss and eardrum pathology with repeated

VT insertions.

In contrast, both Cayé-Thomasen et al. (2008) and Khodaverdi et al. (2012) conclude that
hearing loss related to eardrum pathology is too small to be significant. However, Khodaverdi
et al. (2012) noted that even a small hearing loss can be of significance for the individual as it

is added to the effects of presbyacusis years later.

A summary of results for multiple VTs and eardrum pathology can be seen in Table 3. Hearing

loss is defined as it is described in that specific paper.
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Table 3. Summary of results for multiple VTs and eardrum pathology

Study Main results — | Main results — Risk of hearing | Comments
multiple VTs | eardrum pathology | loss
Augustsson et al. No association No
(2006) with elevated
thresholds
Hong et al. (2014) HL was more Higher prevalence Potential risk
common in with multiple VTs
VT2, but no
significant
difference in AC
thresholds
Valtonen et al. Multiple VT is No HL related to
(2005) safe unsuccessful
otological

outcomes not to VT
treatment

de Beer et al.

3 dB HL poorer

3.4 dB HL poorer pure

Yes, HL is more

increased with
the number of
tubes

(2004) pure tone tone average severe in subjects
average with repeated VTs

Pauli et al. (2023) All subjects with Yes HL defined as
HL had received PTA4>20dB
VTs two or
more times

Daly et al. (2003) HL prevalence Yes HL defined as

average hearing
level > 20 dB or
any threshold >
30 dB HL or
higher

Haékansson et al.
(2014)

Higher prevalence
with multiple VTs

Slightly elevated mean
hearing thresholds in
the higher frequencies

Yes, slightly in the
higher frequencies

HL related to
pathology is up to
about 5 dB pure tone
average

Stenstrom et al. Higher prevalence in Yes
(2005) the VT group
10 dB HL significantly
poorer mean hearing
thresholds
Cayé-Thomasen et Higher prevalence No
al. (2008) with number of tubes
HL is too small to be
significant
Khodaverdi et al. Higher prevalence in No
(2012) the VT-treated ear
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5. Discussion

The aim of this literature review was to investigate the long-term hearing outcomes following
VT insertion during childhood. Overall, the findings indicated no clinically significant
differences in hearing outcomes at follow-ups, although small differences were observed in
certain frequency ranges, suggesting that most individuals who received VTs at an early age
have hearing thresholds within normal limits. Studies show inconsistent findings regarding the
effect of repeated VTs on hearing outcomes. Overall, the findings show that repeated VTs are
related to elevated hearing thresholds. However, some suggest that these findings are not

statistically significant.

5.1. Result Discussion

Previous research (Rosenfeld et al. 2022, MacKeith et al. 2023) indicates that VT treatment is
an effective intervention for OME and generally leading to improved hearing outcome in the
short-term. In the latest review done on this topic, long-term (> 1 year) benefits on hearing
outcomes from VT treatment compared to other treatments were unclear (MacKeith et al. 2023).
However, MacKeith et al. (2023) did only include RCTs where only 3 of the reviewed RCTs
had long-term follow-up (up to 10 years). On the other hand, this literature review investigated
12 papers with long-term follow-up of up to 25 years. The overall findings of this literature
review suggest that VT treatment during childhood may be associated with long-term hearing
deterioration later in life, although the clinical significance remains uncertain. Compared to
medically treated or healthy groups, elevated hearing thresholds have been noted among VT
treated individuals (de Beer et al. 2004, Augustsson et al. 2006, Sederberg-Olsen et al. 2018),
although these differences are generally small and inconsistent across studies. However, the
long-term hearing outcomes can be influenced not only by the VT treatment itself but also by
other factors, such as the severity of the middle-ear disease, recurrent infections, repeated VT

insertions and tympanic membrane pathology.

Although relatively small, the inconsistencies in hearing outcomes observed between studies
may be explained by the variation in their assessment methods. One difference is the variation
in hearing assessment regarding the frequencies tested. While several studies have used the
standard pure-tone audiometry and tested frequencies between 0.25 - 8 kHz (Khodaverdi et al.,
2013; de Beer et al., 2004), others have tested only some frequencies, such as Cayé-Thomasen

et al. (2008) who tested at 0.25 - 1k - 4 kHz, and Hong et al. (2014) who tested between 0.5 and
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3 kHz. Two of the studies included high-frequency range above 8 kHz beside the standard
frequencies (Pauli et al. 2023, Hékansson et al. 2014) while one used screening audiometry at

20 dB HL (Augustsson et al., 2006).

Differences in designs in the included studies are another aspect that may explain why hearing
outcomes vary from one study to another. Factors such as sample size, participants drop-out
rates, follow-up duration and hearing assessment methods, make it difficult to compare results
and may influence the results. Also, the definition of what is considered a hearing loss or normal
hearing differs between studies or is not mentioned, which MacKeith et al. (2023) also
acknowledges. A reduction in average hearing thresholds is often referred to as “hearing loss”
in the literature, although it may not meet the WHO definition of hearing loss used (WHO/SDR,
2021), where hearing loss is defined as PTA4 > 20 dB. This discrepancy is relevant, as it
complicates the interpretation of findings in relation to research question 2 regarding the risk of

hearing loss.
5.1.1. Repeated ventilation tubes

Studies show inconsistent findings regarding the effect of repeated VTs on hearing outcomes.
Augustsson et al. (2006) reported no correlations between the number of tubes and elevated
hearing thresholds. However, they did not elaborate on how they came to that conclusion and
did not report any statistical information on the matter. Valtonen et al. (2005) concluded that
VT (including multiple VTs) treatments are safe and not the source of hearing loss. This
conclusion was based on the fact that only 13 out of 237 ears had hearing loss, most ears had
healed, and the average hearing was within normal limits for the whole group. Therefore,
Valtonen et al. (2005) did not associate the unsuccessful otological outcomes causing hearing
loss with VT treatment. A limitation described by Daly et al. (2003) regards the difficulty in
distinguishing between the effects of OME severity and the effects of VT treatment. This topic
is addressed in chapter 5.1.4.

5.1.2. Eardrum pathology

The overall findings suggest that eardrum pathology has a negative impact on hearing in the

long-term, with disagreements on whether the related hearing loss is significant or not.

Similar to the findings of this literature study, Rosenfeld et al. (2022) found that eardrum

pathology such as myringosclerosis, atrophy, and retraction pockets are more prevalent in
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subjects treated with VTs. Nevertheless, Rosenfeld et al. (2022) adds that the mentioned
eardrum pathology, except myringosclerosis, most often resolves over time. Some of the
included studies are detailed about the changes of specific eardrum pathology over time,
however, this is not discussed in this literature review. Neither do we explore in detail which
specific tympanic membrane pathologies have the greatest impact on hearing, as this would

represent a distinct research question and falls outside the purpose of the present thesis.
5.1.3. Impact of extended high frequencies (>8 kHz) on speech perception

The high-frequency hearing losses, above 8 kHz, identified in the studies by Pauli et al. (2023)
and Hakansson et al. (2014), are often referred to as extended high-frequency hearing (EHF).
Although frequencies above 8 kHz are not typically included in standardized audiometry,
according to Hunter et al. (2020), they contribute to speech perception especially in more
challenging listening situations with a lot of background noise. The EHF range seems to provide
additional acoustic information that supports speech discrimination and clarity, which can
explain why some individuals with clinically normal hearing thresholds still experience some

difficulties understanding speech in noisy situations (Hunter et al., 2020).

Although hearing thresholds are often normal within the standard clinical frequency range,
subtle changes in the EHF range may indicate early or hidden auditory dysfunction. Hunter et
al. (2020) and Hékansson et al. (2014) highlight the importance of extended high-frequency
(EHF) hearing when evaluating long-term auditory outcomes, suggesting that EHF hearing loss
may represent an early indicator of cochlear damage that is not detected by conventional
audiometric assessment. This has important clinical implications for evaluating long-term
hearing following VT treatment in childhood. Individuals may present with normal hearing
thresholds on standard audiometry, while still experiencing listening difficulties in more
demanding acoustic environments. Integrating EHF testing into standard pure-tone audiometry
may therefore contribute to a more comprehensive understanding of possible long-term auditory
consequences following VT treatment, help detect early or hidden hearing loss and potentially

predict further hearing deterioration.
5.1.4. Control groups

A commonly addressed issue is the difficulty of distinguishing between effects of disease and
effects of treatment. This, if not properly considered, can lead to confounding by indication

(Stenstrom et al., 2005) since VT candidates often have more severe disease. Disease load
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(severity) is not always defined in the papers, but de Beer et al. (2004) describe it as the number
of type B tympanograms and AOM episodes before the first VT insertion or the subject's fourth
year of life. This issue is directly connected to how the sampling of subjects to control groups
is done. Not all studies included control groups and several studies addressed this
methodological challenge using different designs, which is a limitation that may affect the

overall conclusions of this literature review.
5.1.5. Types of hearing loss

Only approximately half of the papers included studied both air and bone conduction
assessment, which prevents further analysis of the type of hearing loss. According to Hakansson
et al. (2014), a possible sensorineural component can be involved in the worse hearing in the
VT-treated group. Both a conductive and sensorineural component was found by de Beer et al.
(2004), with the sensorineural hearing loss possibly being progressive. As mentioned before,
the hearing loss found by Valtonen et al. (2005) was mostly conductive related to OME and
eardrum pathology such as retractions and perforations. Only one participant was found with a
symmetric, slight sensorineural hearing loss with unclear etiology. Furthermore, 2 ears were
found with a mixed sensorineural and conductive hearing loss. Two studies (Daly et al., 2004;
Stenstrom et al., 2003) do not specify the type of hearing loss; it may be reasonable to assume
that the hearing loss reported in these studies is conductive. Finally, the remaining study by
Pauli et al. (2023) does not specify the type of hearing loss. However, they discuss whether a
sensorineural component may be involved in high-frequency hearing loss (10-16 kHz), based

on previous studies.
5.2. Methodological Discussion

The literature searches for this study were made in PubMed and CINAHL. During the data
collection process, some of the inclusion criteria were adjusted in order to identify the limited
number of studies investigating long-term hearing outcomes after VT treatment. Many identified
studies focused more on tympanic membrane pathology, such as myringosclerosis and pars
tensa retraction, rather than hearing outcome. Furthermore, most studies had only short follow-
up periods of up to 5 years, which limited the relevance in relation to this literature review’s
focus. Since only PubMed and CINAHL were used, there is a possibility that relevant studies
were not identified. Using additional databases could therefore have strengthened the search.

Initially only studies published within the last 20 years were considered in order to prioritize
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recent research. Due to limited numbers of studies investigating long-term hearing outcomes
after VT treatment, the time frame was extended to 25 years during the manual search process
to ensure that relevant long-term follow-up studies were not overlooked. Since relatively few
studies met the inclusion criteria, the selected papers might not fully represent the research field

regarding long-term hearing outcomes following VT treatment.

This study is well suited as a descriptive literature review. A retrospective cohort study could
perhaps have been possible to do, but it is questionable whether the time frame would have been
enough. The included papers in this literature study are mainly high quality according to the
checklist in Appendix 1. Eight prospective cohort studies, 3 retrospective cohort studies, and 1
retrospective case series chart review were included. The inclusion criteria were formulated to
focus specifically on long-term hearing outcomes following VT treatment during childhood.
Studies with a follow-up period of more than 5 years after VT treatment were prioritized, based
on the assumption that subjects would generally be free from OME by that time. This approach
also aimed to distinguish long-term effects from short-term postoperative changes. The
inclusion of only peer-reviewed original studies with extended follow-up periods, together with
clear inclusion and exclusion criteria, strengthens the validity of this literature review. However,
a limitation is that important potential confounding factors were not consistently reported across
the included studies. For example, disease severity was not always accounted for, and socio-
economic status and access to healthcare were generally not addressed. These factors may
influence treatment outcomes and therefore limit the comparability and overall validity of the
findings. Excluding studies involving children with cleft palate, neurological disorders,
syndromes and developmental disabilities aimed to reduce heterogeneity and avoid additional
influencing factors, since these groups may experience hearing loss and middle-ear dysfunction
for reasons other than VT treatment. Nevertheless, these exclusion criteria may limit the

representation of clinically vulnerable individuals who are commonly treated with VT.

Although the majority of the studies used standardized audiological methodology, there is a
heterogeneity created between them, particularly due to differences in tested frequency ranges,
definitions of hearing loss, follow-up length and interpretations across the studies. These factors
may reduce consistency and influence the results. The included studies also varied significantly
in sample size, drop-out rates and follow-up routines, which may affect reliability and
comparability of their findings. Some of the studies include small numbers of participants, such
as Hong et al. (2014), Stenstrom et al. (2005) and Pauli et al. (2023), with less than 100 subjects.

In smaller studies, each participant has a bigger impact on the results, therefore hearing loss
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might appear more common or less common than it actually is. On the other hand, larger cohort
studies with approximately 1,000 subjects, such as Augustsson et al. (2006) and de Beer et al.
(2004), may be able to offer more relevant results, as long as the selection was made correctly.
However, several studies (de Beer et al., 2004; Cayé-Thomasen et al., 2008; Pauli et al., 2023;
Sederberg-Olsen et al., 2018) had high drop-out frequency which resulted in only 25%-50% of
the original cohort participating at the final follow-up, which may compromise the validity of

the estimated prevalence of hearing loss.

The generalizability of this literature review is limited by the decision to exclude studies from
countries where healthcare praxis differs too much from our own. This leads to low
representation of low- and middle-income countries, since the included studies originate from
high-resource healthcare systems. The inclusion of large cohort studies, such as Augustsson et
al. (2005) and de Beer et al., (2004) may improve the precision of the results, provided that
appropriate sampling methods and well-defined study populations are used. Conversely, the
exclusion of children with cleft palate was intended to increase population homogeneity and
reduce potential confounding, thereby improving internal validity. However, only a minority of

the included studies explicitly reported such exclusion criteria (n = 5).

Including large cohort studies, such as Augustsson et al. (2005) and de Beer et al. (2004), can
improve the precision of the results, although making the results more representative for wider
groups and reducing selection bias depends on appropriate sampling methods and well-defined

study populations.

6. Clinical Implications

For children with OME and implicit conductive hearing loss which may be associated with
speech and language difficulties, VT treatment often provides fast and significant improvement
in hearing. Some studies report minor changes in hearing in the long-term, but clinical guidelines
show that VT insertion is effective with well-documented benefits in the short-term (MacKeith
etal., 2023). Since early hearing is important for speech and language development, these short-
term improvements may outweigh the small potential risks later in life. However, children
requiring repeated VT insertions or those with tympanic membrane pathology may be at higher
risk for long-term hearing impairment. In these cases, it is important to carefully balance the
potential benefits and cumulative risks before proceeding with further VT treatment. Individual

factors, such as hearing loss, severity and persistence of OME, speech and language
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development should be considered in clinical decision-making.

Another important aspect is the potential for hearing loss in the EHF range, which standard
audiometry may not detect. Including pure-tone audiometry at frequencies above 8 kHz as part
of follow-up assessments routines could help identify subtle auditory dysfunction, particularly
since EHF hearing contributes to speech perception, especially in challenging listening

environments (Hunter et al., 2020).

Given these factors, long-term audiological follow-up may be especially important for
individuals with repeated VT insertions, middle-ear pathology or ongoing listening difficulties

despite normal hearing thresholds.

6.1 Future Research

There may be a need for more long-term follow-up studies > 25 years investigating hearing
outcomes in adulthood after VT treatment in childhood, since only 4 studies in this literature
review had a follow-up of 25 years. However, a longer follow-up may introduce confounding

factors, such as age-related hearing loss and noise-induced hearing loss.

More research is also needed to distinguish between the effects of disease severity and VT
treatment. Even though some studies used a method to bypass this issue, for example by
randomizing subjects with similar disease severity into different treatment groups, a need for

further research on this topic remains.

Future research could use more specific and well-defined methods, designs, and hearing
assessments, in order to provide a better understanding of long-term hearing outcomes as well

as strengthen and support a more accurate evidence base.

A suggested future aim could be to investigate whether extended high frequency (EHF)
hearing predicts future hearing loss in the standard frequency range among patients who

received VT treatment. Suggested future research questions:
1. To what degree is extended high-frequency (EHF) hearing affected in patients with OME?

2. Is there an increased risk of hearing loss in the extended high frequencies (EHF) with multiple

VT insertions?
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7. Reflection on Sustainable Development

Otitis media has a major financial impact on health care, according to Rosenfeld et al. (2022),
with VT insertion being one of the most frequently performed pediatric surgeries and the leading
treatment for OME. Therefore, studies on the long-term effects of VT insertion are of clinical

relevance.

Equal access to health care is an important aspect that should be considered in VT treatment and
hearing outcomes. While such interventions are accessible in high-income countries with well-
established healthcare systems, middle- and low-income regions may have more limited access,
resulting in a higher risk of untreated OME and associated hearing loss. According to the UN
Convention on the Rights of the Child (UNCRC) Article 24 (health and health services), all
children have the right to health care: “Every child has the right to the best possible health.
Governments must provide good quality health care, clean water, nutritious food, and a clean
environment and education on health and well-being so that children can stay healthy. Richer
countries must help poorer countries achieve this.” This is further supported by Article 6
emphasizing children’s right to life and stating that “governments must do all they can to ensure
that children survive and develop to their full potential.”

Likewise, the World Report on Hearing (WHO, 2021) highlights the importance of access to
audiologic care since untreated hearing loss may have long-term consequences on cognitive

development, education, social participation, and quality of life.

Although the findings of this literature review suggest that VT treatment has mainly positive
long-term hearing outcomes, access to health care at the right time as well as proper follow-up
plays an important role. From a sustainability perspective, equal access to health care and proper

follow-up are important in VT treatment and hearing outcomes.

8. Conclusions

The aim of this literature review was to investigate the long-term effects on hearing after VT
treatment in children with OME. Generally, most of the findings reported minor differences in
hearing with limited clinical significance compared to control groups, however, some indicated
that extended EHF hearing may be more affected. The results regarding the effect of repeated
VTs on hearing varied among studies. Eardrum pathology was more prevalent in VT-treated
ears and appeared to have an additional negative impact on hearing outcomes, yet according to

some studies with small and insignificant effects.
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APPENDICES

Appendix 1: Checklist for the article's quality assessment

man dr oférmdgen att avgora
Kommentar:

1. Ar hypoteser, syfte och eventuella frigestillningar klart beskrivna? Ja
Kommentar: Nej
2. Ar problemet och rationalen for studien tydligt beskrivet? Ja
Kommentar: Nej
3. Ar visentliga begrepp definierade? Kommentar: Ja
Nej
4. Kvalitativ artikel: Far vi kunskap om forskarens forforstaelse/perspektiv? Ja
Kommentar Nej
5. Var urvalsstrategier 1ampliga med tanke pa syftet? For att svara ja bor det Ja
framga tydligt varifrin undersdkningsgruppen valdes, vilka som valdes och Nej
varfor samt hur de valdes ut och varfor? Tydliggors eventuella inklusions - och
exklusionskriterier? Kommentar
6. Kvantitativ artikel: Framgar det tydligt utifran vilka grunder urvalets storlek Ja
bestims? Nej
Kommentar:
7. Ar egenskaperna/karaktiristiken hos de deltagare som ingar i studien tydligt Ja
beskrivet? Nej
Kommentar:
8. Interventionsstudie: Ar forsdkspersonerna randomiserade till Ja
interventionsgrupper(er)? Nej
Kommentar:
9. Interventionsstudie: har interventionen som ska jaimforas beskrivits tydligt? Ja
Kommentar: Nej
10. Har studien anvént en adekvat datainsamlingsmetod? Ja
Kommentar: Nej
11. Har vilken typ av instrument som anvénts (ex enkéter, intervjuguider och Ja
observationsscheman) samt tillvigagangssittet vid datainsamlingen tydligt Nej
beskrivits?
Kommentar:
12. Ar den redovisade analysmetoden limplig? De metoder som anvinds maste | Ja
vara ldmpliga for data. Nej
Kommentar:
13. Har etiska aspekter beaktats? Ja
Kommentar: Nej
14. Ar de viktigaste resultaten av studien tydligt beskrivna? Ja
Kommentar: Nej
15. Svarar resultatet mot syftet? Ja
Kommentar: Nej
16. Har man tagit hénsyn till eventuella bortfall i resultatet? Om antalet Ja
deltagare som “droppat av”’ (bortfallet) inte har redovisats, bor man svara att Nej
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Appendix 2: Compilation of papers
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20

insertions were
related to more
eardrum
pathology

Nr. | Author, Year, Title, Purpose Design & Method Inclusion criteria Results & Quality
Journal & Country Conclusions
1. | Sederberg-Olsen, | To evaluate Longitudinal, Children with 89% (152 ears) High
J. F., Sederberg- | hearing and retrospective OME: n=92 (35% | had normal
Olsen, N., & middle ear cohort study of original hearing (pure
Holmelund, M. sequelae 25 population), tone average 20
(2018). years after 262 children age=0-9 at dB or better)
VT insertion | who got VTsin | surgery 25 years after
Grommets in in the primary | 1975-1978 surgery
otitis media: a health sector | were followed
25-year follow up at7.5, 12 9,4% had hearing
up. and 25 years thresholds
after surgery between 21-30
Acta Oto- dB
Laryngologica Examinations
included: 1,6% had hearing
Denmark otomicroscopy, thresholds over
tympanometry 30dB
PTA: ACO.5,
1, and 2 kHz
Control group:
no
Nr. | Author, Year, Title, Purpose Design & Method Inclusion criteria Results & Quality
Journal & Country Conclusions
2. | Hakansson A, To study the Longitudinal Children VT-treated High
Florentzson R, existence of prospective obtaining their subjects had
Tuomi L, Finizia | eardrum cohort study first VTs: n=88, significantly
C. (2015) sequelae and age=1-10. These | higher hearing
Transmyringeal hearing Follow-up 10 were divided into | thresholds (10-15
ventilation tube impairment years after VT | two groups: dB HL)
treatment in 10 years after | treatment compared to the
children: hearing | surgery with -With eardrum control group in
outcome after 10 | VTs. Examinations pathology the high
years. Comparing included: (VTT+): n=49 frequencies 8-16
the results otomicroscopy | ears kHz
International with a control | PTA AC: 0.25- | - Without
Journal of group without | 8 kHz eardrum Slightly increased
Pediatric VTs and BC: 0.5-4 kHz | pathology hearing
Otorhino- middle ear (VIT-):n=115 thresholds,
laryngology disease PTA high ears mostly in the
frequency: 10, higher
Sweden 12.5,and 16 Age and gender frequencies (10-
kHz matched control 16 kHz), were
group without related to
Control group: | VTs: eardrum
yes n=88 pathology
Age at follow-up | Several VT
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No correlation

Nr. | Author, Year, Title, Purpose Design & Method Inclusion criteria Results & Quality
Journal & Country Conclusions
3. | Hong HR, Kim To examine Retrospective Children with The average High
TS, Chung JW. hearing and cohort-study bilateral chronic hearing level was
(2014) eardrum Follow-up: OME: total n= below 20 dB in
sequelae mean duration | 89, age= 10 or all study groups
Long-term more than 5 8,4 years younger at
follow-up of years after surgery. 65% Percentages
otitis media with | treatment. Examinations boys and 35% exceeding 20 dB:
effusion in Comparing included: girls. Divided into | VT1=18.2 %
children: the results pneumatic 3 groups VT2=36.3 %
comparisons between otoscopy, OBS=4.4 %
between a medically otomicroscopy | VT surgery once
ventilation tube treated and PTA (AC (VT1): nr=22 However, the
group and a non- | children and & BC) at hearing level was
ventilation tube children with | frequencies VT surgery more | significantly
group. different 0.5,1,2and 3 | than once (VT2): | better in the OBS
numbers of kHz nr=44 group than in the
International VT surgeries VT1 and VT2
Journal of Control group: | Medical treatment | groups. Average
Pediatric yes (OBS): nr=23 AC threshold:
Otorhino- VT1=159dB (=
laryngology Excluded: 11.2 dB)
-middle ear VT2=17.8dB (+
Republic of anomaly 7.6 dB)
Korea -inner ear OBS=10.0dB (=
anomaly 6.5 dB)
-cholesteatoma
-previous VT The VT2 group
insertion presented more
-cleft-palate pathologic
-cranofacial tympanic
anomalies membranes
Nr. | Author, Year, Title, Purpose Design & Method Inclusion criteria Results & Quality
Journal & Country Conclusions
4. | Augustsson I, To study the Retrospective Boys who had VT treated boys High
Engstrand I. effect on cohort-study SOM at 0-14 had a higher
(2006) hearing at years of age and prevalence of
conscription Examinations got VT treatment | elevated
Hearing loss as a | in boys included: (n=61), had ear thresholds >20
sequel of who've had a | otomicroscopy, | disease without dB for solitary
secretory and history of tympanometry, | need for VT frequencies
acute otitis SOM up to screening treatment between 500-
media as age 14 or audiometry (n=173), or had 3kHz and even
reflected by episodes of (0.25-8 kHz) at | no history of ear 4k-8k Hz.
audiometric AOM up to 20 dB disease (n=710) No difference
screening of age 4. between the
Swedish Comparing Control group: | Boys with group who had
conscripts. the result to yes sensorineural ear disease
boys with no hearing loss were | (without VT
International history of ear excluded (n=7) treatment) and
Journal of disease the group with no
Pediatric Total n=951 history of ear
Otorhino- disease was
laryngology found.
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Follow-up: 3, 7
and 25 years
after treatment.

Control group:
yes (internal
comparison

group)

these cases are
small (up to 5 dB
pure tone
average)

Sweden between the
number of VTs
and hearing
thresholds was
found

Nr. | Author, Year, Title, Purpose Design & Method Inclusion criteria Results & Quality

Journal & Country Conclusions

5. | Khodaverdi M, To study Prospective Children with No significant High

Jorgensen G, hearing long-term bilateral OME: difference in

Lange T, outcome 25 cohort study total n=104 (46% | hearing was

Stangerup SE, years after of original found between

Drozdziewizc D, | surgical Children were | cohort), mean age | participants with

Tos M, Bonding | treatment treated with at surgery= 3,9 surgery

P, Caye- (myringo- adenoidectomy (myringotomy or

Thomasen P. tomy and/or and bilateral Children VT) and the age-

(2013) VTs) and myringotomy receiving the and sex-matched

what effect and VT only initial treatment: normal hearing.

Hearing 25 years | eardrum on the right n=80.

after surgical pathology has | side (initial Atrophy was

treatment of on hearing. treatment). Average age 25 associated with

otitis media with | Comparing years after hearing loss in

effusion in early | the results Examinations treatment= 28 4. the VT ears.

childhood. with an age- included: Myringosclerosis
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International matched tympanometry with hearing loss

Journal of normative and PTA: AC in
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mentioned However, the
Denmark hearing loss in
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insertion more
than once.

- If they initially
were in the
medical group
and received VTs
later

VT group have
3,3 times higher
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thresholds >15
dB HL
compared to M

group

Nr. | Author, Year, Title, Purpose Design & Method Inclusion criteria Results & Quality
Journal & Country Conclusions
6. Stenstrom R, To study the | Prospective Children who The results from | High
Pless IB, Bernard | long-term cohort- study were candidates the primary
P. (2005) effects on for VT insertion analysis show:
hearing and The subjects and participated

Hearing tympanic were in an RCT: total Elevated

thresholds and membrane participants in | n=113, age=2,5- | hearing

tympanic pathologic a randomized 7. In the present thresholds,

membrane abnormalities | controlled trial | study: age = 8-16. | between 2.1-

sequelae in following VT | (RCT) in 1985 8.1 dB HL at all

children insertion. and 1989, Children were frequencies in

managed Comparing where they randomized into 2 | VT group vs. M

medically or the result received either | groups: group

surgically for with a VTs or medical | -VT group: n=38.

otitis media with | medically treatment (low | -M group Tympanic

effusion. treated group. | dose (medical membrane
sulfisoxazole treatment): n=27. | pathologic

Archives of for 6 months) (Numbers are abnormalities

Pediatrics & presented based were more

Adolescent Follow- up 6- on the primary common in the

Medicine 10 years after analysis) VT group. Of
their last these pathologic

Canada appointment in | Excluded: abnormalities,
the trial. -documented retraction,
Examinations speech-and perforation or
included: language delays atelectasis, were
otomicroscopy, | -poor school associated with
audiometry performance 10 dB HL
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7. | PauliN, To evaluate Prospective All children aged | 10% of the Medium
Sunnergren O, long-term long-term 0-10 years treated | treated group
Florentzson R. hearing cohort study with VTs in 1996 | had a HL PTA4
(2023) outcomes 25 for persistent >20dB (0.5, 1,2
years after 155 children SOM and and 4 kHz) and
High frequency the initial who received recurrent AOM. occurred only in
hearing 25 years | surgery, by VTs in 1996. n=155 those with
after comparing (originally) multiple VTs.
transmyringeal patients who | In 2006 a Control group
ventilation tube received VTs | healthy group (2006) - no High frequency
treatment. with a was included. history of VTs hearing
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International control Examinations 12.5 and 16
Journal of group. included: PTA: | Audiometry and kHz) was worse
Pediatric AC & BC 0.5- | clinical in the treatment
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yes Multiple VT
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Nr. Author, Year, Title, Purpose Design & Method Inclusion criteria Results & Quality
Journal & Country Conclusions
8. | Valtonen H, To evaluate Prospective > 2 recurrent 5.5% had AC High
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Qvarnberg Y, outcomes in study 3 months OME most of which
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(2005) received Children under | months HL.
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A 14-year repeated VTs | OME enrolled | Excluded: The HL was
prospective due to OME for VT during -Children with assimilated to
follow-up study & recurrent 1983-1984 cleft-palate clinical
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Graamans K. hearing after | Subjects born assessment at 8 OM+VT vs
(2004) OM (otitis in 1982-1983 years of age. OM-
media) and recruited to Subjects AC:4-9dB
Hearing loss in VT insertion | evaluate categorized into 3 | poorer
young adults effectiveness groups: BC: 1-4dB
who had of OME 1) OM+VT: poorer
ventilation tube screening. n= 102 ears.
insertion in n=1436 2) OM+ (history OM+VT vs
childhood. of OM but no OM+
-Follow-up at 8 | VT): n=264 ears. | BC: 1-2.5dB
Annals of years: =946 3) OM- (no poorer
Ortology, -Follow-up at history of OM):
Rhinology, and 18 years n= 350 ears OM+ vs OM-
Laryngology n=358 AC & BC: 1-2
Excluded: dB poorer
The Netherlands Examinations -those with
included: missing data In the OM+VT
Otomicroscopy | -bilateral OME group 43% of
tympanometry | -neurofibro- the right ears
PTA: AC 0.25- | matosis had >1 VT
8 kHz. BC 0.5-
4 kHz Only the healthy OM alone did
ear was included | not explain the
Pure tone for participants HL
average: with: Repeated VTs
Mean AC level | -previous were associated
for 0.5, 1, and cholesteatoma with greater HL
2 kHz. -unilateral vs. single VT
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Nr. | Author, Year, Title, Purpose Design & Method Inclusion criteria Results & Quality
Journal & Country Conclusions
10. | Kaffenberger, To assess Retrospective Included children | Prevalence of High
T.M., Belsky, long-term case series who had their hearing
M.A., Oberlies, otological chart review first VT outcome at 10
N.R., Kumar, A., | outcomes of preoperative visit | years follow-up:
Donohue, J.P., children with | Children who and full operative | 3,7% (25
Yang, T.S., MEE (middle | underwent VT | report. patients) had
Shaffer, A.D. and | ear effusion) | treatment documented HL
Chi, D.H. (2021) | who between 2008- | Excluded children
underwent 2009 who missed all of | Out of the 3,7%
Long-term VT treatment the above, of subjects with
Impact of Middle Follow-up 10 unilateral or HL:
Ear Effusion in years after VT | previous VT, 44% conductive
Pediatric history of HL
Tympanostomy Reviewed cholesteatoma, 44% SNHL
Tubes. patients: cleft palate, 12% mixed HL
n=1045 Down syndrome.
The
Laryngoscope, Included
131: E993-E997. patients:
n=680
USA
Control group:
yes (internal
comparative
group recurrent
AOM vs OM)
Nr. | Author, Year, Title, Purpose Design & Method Inclusion criteria Results & Quality
Journal & Country Conclusions
11. | Daly KA, Hunter | To determine | Prospective Children who Hearing loss High

LL, Lindgren
BR, Margolis R,
Giebink GS.
(2003)

Chronic otitis
media with
effusion sequelae
in children
treated with
tubes.

Archives of
Otolaryngology-
Head & Neck

Surgery.

USA

the incidence
and
prevalence of
sequelae
among
children with
OME treated
with VT

cohort study

Children
selected during
1987-1990
when receiving
VT: n=140
subjects

Follow-up
period = up to
8 years after
the last VT
insertion.

Examinations
included:
pneumatic
otoscopy,
tympanometry
and PTA: AC
& BC

Hearing loss =
average
hearing level
(0.5-4 kHz) of
20 dB or
higher or any

received VT
between 6 months
to 8 years for
chronic OME

3 years follow-
up: n=138
subjects

8 years follow-up
n=84 subjects

The percentages
of ears receiving
two or more than
two tubes were
32% and 24%,
respectively

Excluded:
-preexisting OME
complications,
-syndromes,
craniofacial
anomalies
-SNHL >15 dB

was not as
common as
other sequelae
at follow-up

The proportion
of ears without
HL declined
from 100% after
3 years to 77%
after 8 years.

Incidence of HL
increased from
2-5% between
the follow-up
years

HL prevalence
increased with
the number of
VTs
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threshold at 30
dB or higher

Control group:
no

Nr. Author, Year, Title, Purpose Design & Method Inclusion criteria Results & Quality
Journal & Country Conclusions
12. | Cayé-Thomasen | To record Prospective Children with Hearing better High
P, Stangerup SE, | hearing cohort study. chronic in the VT ear 3
Jorgensen G, sensitivity, bilateral OME for | years after
Drozdziewic D, besides 224 children at least 3 months. | treatment
Bonding P, Tos eardrum treated Intervention compared to
M. (2008) pathology and | between 1977- | between 1977- non-VT ear
eustachian 1978 for 1978

Myringotomy tube function, | bilateral OME: No significant
versus VTs in 25 years after | -bilateral difference
secretory otitis OME myringotomy between the
media: eardrum | treatment. -VT only on ears at 3, 7 and
pathology, the right ear 25 years follow-
hearing, and up.
eustachian tube Included in the
function 25 years study: n=168
after treatment.

Follow up: 3
Otology & years (n=146),
Neurotology 7 years

(n=115)
Denmark 25 years

(n=80) after

treatment.

Examinations

included:

otomicroscopy

tympanometry,

PTA:

ACO0.25,1,

and 4 kHz,

(BC not

mentioned)

Control group:
yes
(comparative
myringotomy
vs VT)
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Bilaga 4 - Deklarering

Foljande deklarering fylls i av er som skriver uppsats tillsammans och syftar till att
gemensamt klargora den arbetsfordelning som géllt under ert arbete. Ange nedan for var och
en av uppsatsens delar den procentuella arbetsfordelningen i fardigstéllandet av er uppsats.

Deklareringen placeras sedan som en bilaga i uppsatsen.

Uppsatsdel Forfattare 1 (%) | Forfattare 2 (%)

Inledande formalia (forsittsblad,sammanfattning, 50 % 50 %
innehallsforteckning)
Bakgrund 50 % 50 %
Material & Metod (datainsamling) 50 % 50 %
Resultat (bearbetning av data och presentation av 50 % 50 %
resultat)
Diskussionskapitel 50 % 50 %
Bearbetning av bilagor 50 % 50 %
Genomlisning av fardigt manus/korrektur 50 % 50 %
Forberedelser av oppositioner under uppsatskursen (ej 50 % 50 %
slutventileringen)

Ort, Datum

Goteborg, april 2026

Namnfortydligande

Forfattare (1): Tilde Aldenholt Forfattare (2): Oana Moisa
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