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Objectives
This white paper is intended to help the ENT practitioner 
or pediatrician decide whether to recommend Balloon Eus-
tachian tube dilation for a pediatric patient suffering from 
Eustachian tube dysfunction and manage expectations re-
garding outcomes and success rates. 
The paper summarizes the relevant scientifi c literature. It 
does not attempt to provide a statistical meta-meta-ana-
lysis of existing systematic reviews and original papers. 
This paper is not intended as a general overview of Eus-
tachian tube dysfunction and treatment options in adults 
(on that topic, see our previous white paper2).
Of course, this paper also cannot replace a comprehensive 
textbook on the management of otitis media with effusion 
in children.
This paper does not replace the offi cial product documen-
tation for the TubaVent® product family.

The Eustachian Tube

“Knowledge of the structure and function of the Eusta-
chian tube system is necessary to understand the pa-
thogenesis of otitis media, which will result in rational 
management decisions”3

Anatomy
The Eustachian tube (ET) connects the middle ear space 
to the nasopharyngeal space. It consists of a bony part 
facing the middle ear and a cartilaginous part facing the 
nasopharynx. In normal function, this medial part can be 
opened and closed through attached muscles. 
The purpose of the Eustachian tube is: 
a. to ventilate the middle ear and provide pressure 

equalization between the middle ear and ambient 
air when necessary,

b. to drain secretions from the middle ear,
c. and to protect the middle ear from sounds, patho-

gens and nasopharyngeal secretions.4

Eustachian Tube Dysfunction
Eustachian tube dysfunction (ETD) is the general term for 
any condition where the opening and closing of the tube is 
impeded. This includes patulous ETD (PETD), where the val-
ve remains permanently open, and obstructive ETD (OETD), 
where the tube does not open. This latter condition and 
its treatment in children are the focus of this white paper. 
OETD may range from baro-challenge-induced temporary 
blockage to persistent complete blockage.

Pediatric Anatomy 

“Even in apparently otologically normal children, Eustachian 
tube function is not as good as in adults, which could explain 
the higher incidence of middle ear disease in children”1

Some anatomical differences between children and adults 
are relevant for ET-related pathologies.
The ET is shorter in young children than in older children or 
adults.1,5 This may adversely affect the protective function 

Figure 1:  
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of the ET; free fl ow of nasopharyngeal secretions can result 
in refl ux otitis media.1

The cartilaginous ET is shorter in young children. One ima-
ging study on 193 neck CT scans reports an average carti-
laginous ET length of 20 mm (range 13-26 mm) for children 
<2 years old, vs. 24 mm (range 18-30 mm) in the age group 
2-5 years, and 25 mm (range 21-32 mm) in the age group 
6-10 years.6

Another imaging study on 78 neck CT scans has similar re-
sults: an average cartilaginous ET length of 20 mm (range 
19-21 mm) in <4-year-olds vs. 25 mm (range 24-25 mm) in 5 
to 7-year-olds, and 28 mm (range 27-29 mm) in 8 to 18-year-
olds and 28 mm (range 27-28 mm) in >18-year-olds.5

Yet another study of 150 Eustachian tubes (75 children) 
aged 5.6 months to 16.8 years also reported an increase in 
the length of the cartilaginous ET with age, with a length 
below 20 mm seen only in children younger than two years.7

The ET is more horizontal in young children (angle in rela-
tion to the horizontal plane 10° vs. 45° in adults),3,5 which 
may decrease the ability of the tensor veli palatini muscle 
to open the ET, and it may affect the ability to drain fl uid 
from the middle ear space.3

The ET is narrower in children; the area of the lumen in-
creases almost fi vefold from the newborn to age 20 years,3

increasing the likelihood of obstruction in young children.
The fat tissue located in the inferolateral portion of the 
Eustachian tube, termed Ostmann’s fat pad, is relatively 
wider in children than in adults, i.e., has relatively greater 
mass,3 which could contribute to a less effective opening 
of the lumen of the tube3 when the tensor veli palatini 
muscle contracts.8

The ET is fl oppier in children, and tubal cartilage increases 
in mass from birth to puberty.3

In addition, infants are frequently in a supine position, 
which enhances the fl ow of liquid into the middle ear, put-
ting them at particular risk for refl ux otitis media.1

Causes of ETD
As explained above, the anatomical differences in child-
ren make it more likely that the attached muscles can-
not open the ET effectively. In addition, ETD in children 
can result from adenoid hypertrophy with associated 
mucosal swelling and pathological nasopharyngeal se-
cretions leading to middle ear effusion or infection.7

There is also evidence that children exposed to high con-
centrations of tobacco smoke may have a higher preva-
lence of ETD.9

Effects of OETD When Not Treated

“The Eustachian tube in the child […] hinders the ventila-
tion of the middle ear contributing to the high incidence 
and prevalence of OME in the early years”10

OETD causes signifi cant discomfort and suffering in affec-
ted patients and can trigger additional pathologies. 
The inability to equalize pressure between the middle ear 
and ambient air may result in rupture of the tympanic 
membrane (TM) under baro-challenge or a retraction po-
cket of the TM.11

The lack of ventilation of the middle ear space may con-
tribute to otitis media with effusion (OME)12,13 (see chapter 
on OME below for more details).
ETD is one of the main underlying causes of chronic otitis 
media (COM) development.14

OME or COM can lead to hearing loss13 (see section on hea-
ring health below for more details) and even cholestea-
toma.11,13,15

Prevalence of OETD
OETD is most commonly seen in children. It is currently 
assumed that at least 80% of all preschool children are 
affected at least temporarily by this condition.8

Otitis Media with Effusion (OME)

“Acute otitis media and otitis media with effusion are 
the most common diseases that result in visits to the 
primary care physician by young children“16

Otitis media with effusion (OME) is defi ned as “the pre-
sence of fl uid in the middle ear without signs or symptoms 
of acute ear infection.”17 It is also referred to as serous, 
secretory, or nonsuppurative otitis media,17 or serous tym-
panum.

Etiology
Risk factors for OME include cleft palate,18,19 craniofacial 
abnormalities,16 trisomy 21,19 asthma,19 and genetic predis-
position.16,20

OME may occur during an upper respiratory infection, spon-
taneously because of poor Eustachian tube function, or as 
an infl ammatory response following acute otitis media.17

Because of the anatomical differences in children (see sec-
tion on pediatric anatomy above), the ET may not be fully 
effective in draining secretions from the middle ear and 
protecting the middle ear from nasopharyngeal secretions.4
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46% of OME cases in the general population are caused by 
Eustachian tube dysfunction.12

Prevalence

Many affected children have repeated OME episodes, 
and 10% of episodes last ≥1 year.22

In the fi rst year of life, >50% of children will experience 
OME, increasing to >60% by age two.17 About 90% of child-
ren have OME before school age,22 and they develop, on 
average, four episodes of OME every year.17

The recurrence rate is high: in a review of >50,000 pediat-
ric records of paracentesis procedures,23 19.6% of children 
were found to have the procedure done twice, and 10% 
were found to have the procedure done three or more 
times.

Health Economic Impact
About 2.2 million diagnosed episodes of OME occur an-
nually in the United States at the cost of $4.0 billion. The 
indirect costs are likely much higher since OME is largely 
asymptomatic, and many episodes go undetected, inclu-
ding those in children with hearing diffi culties or school 
performance issues.17

Effects on Hearing Health

“OME […] may be associated with hearing loss, balance 
[…] problems, poor school performance [and] behavioral 
problems”17

Persistent middle ear fl uid results in decreased mobility of 
the tympanic membrane17 and therefore causes conducti-
ve hearing loss. The international consensus reports that 
about 50% of OME patients have a hearing loss of 20 dB, 
20% have a hearing loss greater than 35 dB, and 5-10% have 
a hearing loss of up to 50 dB.10

OME will occur most often between the ages of 6 months 
and 4 years17 – i.e., during a period in a child’s life that is 
highly relevant for speech and language development. 
A child with persistent OME, especially bilateral OME, may 
be at increased risk for speech, language, or learning pro-
blems. As stated in the OME clinical practice guideline,17

“at least 25% of OME episodes persist for >3 months and 
may be associated with hearing loss, balance (vestibular) 
problems, poor school performance, behavioral problems, 
ear discomfort, recurrent AOM, or reduced QoL.”
In general, hearing health is important for speech and lan-

guage development. Hearing loss <30 dB HL is “most closely 
related to speech perception in noise, and to cognitive abi-
lities underpinning language and reading.”24 Professional 
societies recommend early treatments of hearing loss, e.g., 
treatment of sensorineural hearing loss with hearing aids 
and cochlear implants.25,26

Treatment of OME

“The need for surgery in children with recurrent AOM or 
chronic OME should be balanced against the likelihood 
of timely spontaneous resolution and the potential risk 
of learning, language, or other adverse sequelae from 
persistent middle ear effusion”27

Current guidelines for managing chronic OME recommend 
ventilation tubes (VT) and, if the child is ≥4 years old, ade-
noidectomy.10,17 These methods aim to improve aeration of 
the middle ear until the child reaches an age where the ET 
functions optimally.

Non-Surgical Treatment

“Use of topical intranasal corticosteroids is very unlikely 
to be a clinically effective treatment for OME”28

Non-surgical treatments do not effectively address the 
underlying problem of an age-dependent dysfunctional 
Eustachian tube.10,21

The international consensus statement on OME manage-
ment strongly recommends “against treating OME with 
steroids (oral or intranasal), antibiotics, decongestants, or 
antihistamines, all of which have not convincingly demons-
trated effect on OME resolution, but have side effects and 
may be costly.”10

Tympanic Paracentesis and Ventilation Tubes
Prevalent treatment10,21,29 for acute otitis media and OME in 
children, often caused by ETD, is a surgical incision of the tym-
panic membrane14 to equalize pressure and allow fl uid to drain 
from the middle ear cavity into the external ear canal. This is 
variously referred to as tympanic paracentesis, tympanotomy, 
or myringotomy. We will use the term paracentesis throughout 
this paper. 
The effect of this intervention is typically prolonged by inser-
ting a tube into the incision, variously referred to as a tym-
panotomy tube, ventilation tube (VT), pressure equalization 
tube (PET), or grommet. We will use the term VT throughout 
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this paper.
5% of all children in central Europe have received paracentesis 
and VTs at least once.15 Insertion of VTs is the most common 
ambulatory surgery performed on children in the United Sta-
tes.29

Draining the middle ear does not treat the underlying patholo-
gy,30 and the effect diminishes after the tube is dropped or ex-
truded.31,32 VTs typically remain functional for 6 to 24 months.16

20% of children that receive VTs bilaterally will subsequently 
have a second set of tubes placed.16

Success rate: Placement of a VT does not always work as desi-
red. Undesired events include obstruction of the VT lumen 
(7%), premature extrusion of the VT (4%), and tube displace-
ment into the middle ear (0.5%), according to the US clinical 
practice guideline.17

Outcomes: A review of 147 studies concludes that VTs improve 
hearing at 1 to 3 months compared with watchful waiting, with 
no evidence of benefi t by 12 to 24 months.33

Complications: In addition to the risks associated with general 
anesthesia, there is the risk of complications including infec-
tion,34 tympanosclerosis,30 possibly associated with persistent 
conductive hearing impairment, recurrent and chronic otor-
rhea,34 and permanent perforations of the tympanic memb-
rane.15,17,30,34,35 One study including 429 children reports that “in 
otherwise healthy children who have persistent middle ear ef-
fusion during their fi rst 3 years of life, ready resort to [paracen-
tesis and VT placement] results in far more TM abnormalities at 
age 5 than does selective management in which most children 
do not receive the procedure.”36

Adenoidectomy
Several studies in children have confi rmed the existence 
of an association between OME and adenoid hypertrophy.23

Adenoid hypertrophy creates an obstruction of the ET ori-
fi ce at the torus tubarius level.37

Repeated infections of the adenoids could cause infl am-
mation of the ET, resulting in functional impairment.21,37,38

One study reports a high incidence of ETD in pediatric pa-
tients with adenoid hypertrophy with a choanal obstruc-
tion ratio >75%.37 They found that adenoidectomy was also 
effective in improving ETD (increasing ETS-7 score from 6.62 
preop to 9.60 at six months post-surgery).
Outcomes: Adjuvant adenoidectomy, in addition to VT in-
sertion, can increase the effi cacy of OME surgery;10 clinici-
ans recommend adenoidectomy in children four years or 
older or children with a distinct indication (e.g., nasal obs-
truction, chronic adenoiditis).17 The probability of having a 
second tympanostomy procedure is reduced if adenoidec-

tomy was performed at the fi rst tympanostomy procedure.16

Complications: In addition to the risks associated with ge-
neral anesthesia, specifi c complications can occur. A study 
reviewing records of >50,000 children found the most com-
mon complication for adenoidectomy combined with VT 
insertion to be hemorrhage in 31 of 7,507 cases.23 The same 
study found no recorded cases of hemorrhage associated 
with VT insertion alone (>36,000 cases). 

Balloon Eustachian Tube Dilation
Transnasal balloon dilation of the cartilaginous part of 
the ET, called “Balloon Eustachian Tuboplasty (BET),”39 or 
“endonasal dilatation of the Eustachian tube (EET),”40 or 
“balloon dilation of the eustachian tube (BDET),”41 is being 
used to treat OETD. 
It was fi rst introduced in 2009 simultaneously in Finland42

and Germany43 in adult patients.
In BET, an infl atable balloon catheter is inserted in the car-
tilaginous part of the ET under endoscopic control. Once 
in position, the balloon is infl ated by applying a pressure 
of typically 10 atm for 2 minutes.
One manufacturer reports that their device has been used 
(mostly in adults) more than 100,000 times since its intro-
duction in 2010.44

Pediatric Use of BET
BET was fi rst used to treat pediatric patients in 2013.45 From 
a regulatory perspective, pediatric use of BET is at the trea-
ting clinician‘s discretion in Europe. The US Food and Drug 
Administration has approved two BET devices for adults 
only (18 years and older). A recent publication by US au-
thors concluded “it should be safe to use adult FDA-appro-
ved devices in children with mature ET. Therefore, children 
7 years of age and above could be potential candidates to 
safely undergo BET with dilation of the cartilaginous ET.”14

When the BET procedure is performed in children, it is often 
combined with VT placement.15

Minimum Age for BET
When considering BET for young children, two questions 
have to be addressed:
1. How does the risk of complications from general 

anesthesia compare to the expected benefi t of the 
procedure? 

2. Is the cartilaginous part of the ET long enough to in-
sert the balloon catheter without the risk of moving 
into the bony part of the ET? (See section on pediatric 
anatomy above for more details.) 
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Sequence of Treatments for OME
1. Clinicians should fi rst identify and treat potential 

causes of ETD like adenoids,4,15 nasal polyposis,4 aller-
gic rhinitis,4,30 rhinosinusitis,4,30 or laryngopharyngeal 
refl ux,4,30 if applicable.

2. The recommended fi rst action in asymptomatic OME, 
i.e., without hearing loss, is “watchful waiting”: wait 
up to three months for spontaneous resolution of 
the condition.17 The clinical practice guideline exp-
lains that “about 75% of children with OME resolve by 3 
months when it follows an episode of AOM. If the OME 
is spontaneous and the date of onset is unknown, the 
3-month resolution rate is lower, at 56%. When the 
date of onset is known, however, this rate increases to 
90%.”17 The delayed insertion of VTs in children ≤3 ye-
ars did not have a signifi cant effect on developmental 
outcomes in those children tested at 9-11 years of age, 
in a study observing 391 children randomly assigned 
to prompt or delayed (up to 9 months) treatment.32

3. If the fl uid persists for 3 months or more, or if there 
is hearing impairment,10 or with recurring AOM,10 the 
next step is commonly tympanic paracentesis and VT 
placement,10,17 often combined with adenoidectomy if 
the child is ≥4 years of age.10,17

4. Balloon dilation has been typically reserved for per-
sistent cases and as a secondary intervention14,46 gi-
ven that the majority of OME resolve spontaneously 
or with conventional treatment as described above.47

It is considered a “safe and effective alternative treat-
ment option, when conventional therapy of chronic 
ETD does not succeed in children.”47

There is a tradeoff to be made here: perform the more com-
mon procedure of tympanic paracentesis and VT placement 
multiple times, exposing the child to prolonged hearing 
loss with possibly irreversible impact on speech and lan-
guage development, or proceed to BET sooner, which can 
affect a signifi cantly larger reduction of hearing impair-
ment long-term.31

One study even recommends BET as the fi rst-line treatment 
for OME.48

Clinical Guidance Statements
Panels of clinical experts have issued recommendations 
for the diagnosis and treatment of OETD in adults and out-
come assessment in multiple countries: the USA,30,35 Spain,49

and Finland.4

For pediatric cases, there are three clinical references for 
the management of OME: 1. a clinical guideline developed 

by the American Academy of Otolaryngology—Head and 
Neck Surgery Foundation, the American Academy of Pedi-
atrics, and the American Academy of Family Physicians,17

2. an international consensus statement,10 and 3. a German 
clinical practice guideline,21 which mentions BET.

Outcomes with BET

“Signifi cant treatment effects could be observed by mi-
croscopic otoscopy, in hearing threshold assessment 
and tympanometry”15

Studies investigating the treatment of OETD and the effi -
cacy of the BET procedure use a variety of objective and 
subjective outcome measures and a variety of ways of re-
porting outcomes for one particular method, a fact that 
the authors of systematic reviews have struggled with and 
often commented on. Outcomes measurements in child-
ren are mostly based on tympanometry or audiometry (air-
bone gap (ABG)). Additional measures commonly used in 
adults, such as questionnaires, are diffi cult to administer, 
especially with younger children, and have not been re-
ported in studies. 

Clinical Symptoms

Compared with simple [VT insertion], application of BET 
can effectively extend the improvement period and in-
crease the cured rate, especially after the ventilation 
tube is removed.31

76% of patients were completely cured after 18 months, 
in the group treated with BET with paracentesis and VTs, 
compared to 61% of patients treated only with paracen-
tesis and VT placement in a retrospective case study with 
49 children aged 4-14 years.31 Here, “cured” was defi ned as 
the complete disappearance of clinical symptoms, no OME, 
tympanogram type A, and ABG ≤10 dB.
62% of patients (21/34) with COME with TM retraction and 
66% of patients (21/32) with advanced ear disease (CSOM 
or cholesteatoma) were converted to a normal middle ear 
status after BET in a retrospective multicenter case study 
with 282 ears in 158 children aged 4-12 years.15

Pressure Equalization
The ability to successfully perform the Valsalva maneuver 
increased from 28% to 60-85%, preop vs. 6 and 12 months 
after BET, in a retrospective case study with 52 children 
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aged 3-15 years.46

The ability to equalize middle ear pressure (based on Val-
salva or tympanogram) improved from 8% to 82%, preop 
vs. 6-8 weeks after BET, in a retrospective case study with 
90 ears in 60 children aged 28 months to 12 years.8

The ability to successfully perform the Valsalva maneuver 
increased from 12% to 65% of reports, preop vs. postop 
after BET (combined with paracentesis and VT placement 
in about half of the cases) in a retrospective multicenter 
case study with 282 ears in 158 children aged 4-12 years.15

Tympanometry
The percentage of ears with type A tympanogram increa-
sed from 15% (20/132) preoperatively to 58% (76/132) at 6 
months after BET in a retrospective case study with 132 ears 
in 66 children aged 4-14 years.50

The percentage of ears with type A tympanogram increased 
from 25% preoperatively to 58% after BET (median follow-
up period 2.6 months) in a retrospective multicenter case 
study with 282 ears in 158 children aged 4-12 years.15

The percentage of ears with type A tympanogram reached 
93% (28/30) in the group with BET as a fi rst-line treatment, 
versus 66% (21/32) in the group treated conventionally with 
paracentesis and VT placement, at 12 months postop, in 
a retrospective case study on 55 ears in 30 children aged 
3-12 years.48

Audiometry
In one retrospective case study with 49 patients aged 4-14 
years, comparing combined treatment with BET, paracen-
tesis, and VT placement versus paracentesis and VT place-
ment alone, ABG was equally reduced in both groups at 
6 months but signifi cantly lower for the BET group at 18 
months.31

ABG signifi cantly decreased from 17.5 dB preoperatively to 
10.8 dB at 6 months and 5.7 dB at 36 months postop in a 
retrospective case study with 46 ears in 23 patients aged 
7-17 years.47

ABG decreased from 27.6 dB preop to 9.6 dB postop (mean 
follow-up 14.4 months) with BET as a fi rst-line treatment 
versus 25.6 dB preop to 17.6 dB postop treated conventi-
onally with paracentesis and VT placement, at 12 months 
postop in a retrospective case study on 55 ears in 30 child-
ren aged 3-12 years.48

Complications with BET

“The procedure was safe with no major adverse events 
with the most common complication being epistaxis”51

Minor Complications
In the eight original case studies analyzed here8,14,15,31,40,46–48

comprising 461 children, 17 minor complaints were reported 
and resolved quickly, most of which were epistaxis8,14,15 or 
hematotympanum.46,48 Two patients reported symptoms of 
patulous ET that resolved over months.47

In many studies, the BET procedure is combined with 
concomitant surgical procedures such as paracentesis, 
VT placement, tympanoplasty, or adenoidectomy, so it is 
sometimes diffi cult to establish a causal relationship bet-
ween the BET procedure alone and the minor complication.

Serious Complications
In the eight original case studies analyzed here8,14,15,31,40,46–48

comprising 461 children, no serious complications or ad-
verse events were reported.

Theoretical Complications
The internal carotid artery can reside within 2 mm to 10 
mm of the osseous portion of the ET. Initial adopters of 
BET were concerned that this would make dilation of the 
osseous ET potentially hazardous.14 However, Poe et al. 
showed no injury to the osseous portion upon dilation of 
the cartilaginous portion in cadaver models.52

BET could theoretically cause carotid artery rupture, which 
may be more likely if there is carotid canal dehiscence ad-
jacent to the bony Eustachian tube.7 To the best of our 
knowledge, no such case has ever been reported in the 
literature, in children or adults.

Revision Surgeries
In the eight original case studies analyzed here8,14,15,31,40,46–48

comprising 461 children, a total of 18 repeated BET pro-
cedures were reported, without providing details of the 
success of the second procedure.

Special Risk Groups
When considering BET in children with suspected anatomi-
cal variations or evidence for insuffi cient maturation of the 
ET, clinicians strongly recommend preintervention tomo-
graphic imaging to evaluate the length of the cartilaginous 
portion of the ET, and the course of the internal carotid 
artery in relation to the cartilaginous portion of the ET, to 
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prevent any risk for injury.15 In a radiological study of 75 
scans (150 ears), 8% of carotid canals showed radiologically 
detectable dehiscence.7

Conclusion
OME, often caused by OETD, affects the majority of children 
before they reach school age. 30% of children experience 
two or more episodes of OME, with extended periods of 
impaired hearing.23 If treatment of the hearing loss caused 
by OME is ineffective or slow, there is a risk of impeding 
speech and language development.
In common clinical practice, the fi rst-line treatment of OME 
is tympanic paracentesis, placement of ventilation tubes, 
and optionally adenoidectomy, which is effective in many 
cases, but also comes with the risk of complications, espe-
cially if applied multiple times.
BET is mostly used as a second-line treatment in cases 
where the more common therapies have not been effective. 
After treatment with BET combined with VT, the complete 
absence of clinical symptoms is more likely than after VT 
alone,31 as is the ability to equalize middle ear pressure, re-
sulting in a normal tympanogram. Reduction of hearing im-
pairment as seen in an air-bone gap is more effective and 
more prolonged after BET with VT than after VT alone.1,48,53

In summary, BET has been shown to be safe and effective 
in published clinical research, mostly involving children 
three years and older.21

List of Abbreviations
Abbreviation Explanation 
ABG Air-bone gap
AOM Acute otitis media
BET Balloon Eustachian tuboplasty
COM Chronic otitis media
COME Chronic otitis media with effusion
CSOM Chronic suppurative otitis media
CT Computed tomography
ENT Ear, nose and throat
ET Eustachian tube
ETD Eustachian tube dysfunction
HL Hearing level
OETD Obstructive Eustachian tube dysfunction
OME Otitis media with effusion
PET Pressure equalization tube
PETD Patulous Eustachian tube dysfunction
QoL Quality of life
TM Tympanic membrane
VT Ventilation tube
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