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Objectives: Most children suffer from otitis media with effusion (OME) before starting school. Insertion of
grommets into the eardrum for treatment of OME is one of the most common operations performed in
childhood. The efﬁciency and compliance of treatment with a new non-invasive device was evaluated in
children with bilateral OME with disease duration of at least 3 months.
Methods: A device for autoinﬂation was developed to enable a combined modiﬁed Valsalva and Politzer
maneuver. Ten children, aged 3–8 years (mean: 5 years and 2 months) with OME tested the device for
estimation of its ability to ventilate the middle ear. Another thirty-one children, with persistent bilateral
OME for at least three months, were divided into a treatment and a control group. Twenty-one children
(42 ears), aged 2–7 year (mean: 4 years and 6 months), participated as the treatment group and ten
patients (20 ears), aged 3–7 years (mean: 4 years and 5 months), were included as controls.
Tympanometry and otomicroscopy were performed at inclusion and at the end of the study.
Results: In the treatment group the middle ear pressure was normalized in 52% and improved in 31% of
the ears with 7 children (33%) achieving bilateral and 8 (38%) unilateral normalization. In the control
group the middle ear pressure was normalized in 15%, improved in 15% and deteriorated in 10% of the
ears with one child (10%) achieving bilateral and one child (10%) unilateral normalization. Statistically
signiﬁcant differences (p < 0.001) were observed in the pressure difference and the tympanometry type
changes between the treatment and the control group. Otomicroscopic examination revealed that the
number of ears judged as OME was reduced by 62% in the treatment group in comparison with 20% in the
control group. All children managed to perform the maneuver and no side effects were neither reported
nor detected.
Conclusions: The device was efﬁcient in ventilation of the middle ear with normalization or
improvement of the negative middle ear pressure and otomicroscopic ﬁndings in young children with
persistent OME.
ß 2013 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction
Otitis media with effusion (OME) is an inﬂammation with ﬂuid
in the middle ear often combined with impaired hearing [1]. The
lack of acute symptoms in children with OME makes it difﬁcult to
estimate the accurate incidence, but most children have at least
one episode of OME before starting school [2].
The recommended technique for diagnosing OME is impedance
audiometry (tympanometry) in combination with otomicroscopy
or pneumatic otoscopy [1,3–7].
The Eustachian tube plays an important role in maintaining the
middle ear healthy [8,9]. The tube plays a ventilatory function
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equilibrating the pressure between the middle ear and the ambient
air [9,10]. The Eustachian tube in young children is short, ﬂoppy,
more horizontal and therefore functions poorly [9]. These
anatomical considerations are believed to cause the high prevalence of OME in young individuals [9]. Maturation of the tube is a
gradual process, which explains the infrequency of OME after the
age of 7 years [11,12].
The active opening ability of the Eustachian tube for
equilibration of the middle ear pressure is reduced in children
with middle ear disease [13,14]. Earlier studies have emphasized
great variability of the Eustachian tube function in children with
OME with a mean forced opening pressure of approximately
30  15 cm H2O [15,16].
The insertion of grommets into the eardrum is one of the most
common operations performed under general anesthesia in
childhood. The primary indication for the operation is restoration
of normal hearing in children with long-standing bilateral OME
[1,7,17]. The rationale for the procedure is to improve ventilation
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and pressure regulation in the middle ear [17]. The procedure has
been controversial for many years and opinions regarding the risks
and beneﬁts vary greatly [18–20].
Several non-invasive methods have been developed to improve
the negative middle pressure in children with OME [13,21–25]. The
aim of these procedures is to introduce air into the middle ear,
through the Eustachian tube, in order to ventilate the middle ear
and equilibrate the negative pressure [13,21–25]. The most
common techniques involve modiﬁcation of either the Valsalva
maneuver or the Politzer method, i.e. autoinﬂation.
The Valsalva maneuver consists of performing forced
nasal expiration with the nose and the lips sealed [26]. The
Politzer method of inﬂation involves inserting the tip of a rubber
air bulb into one nostril, while sealing the other nostril the
rubber bulb is squeezed while the patient swallows causing
tubal opening [23].
The results in previous studies using non-invasive methods are
suggestive of improvement of disease in some patients [23–25,27].
Nevertheless the previous methods have experienced limited use
in clinical practice mainly due to unsatisfactory compliance
[25,27]. No studies on testing a combined Valsalva and Politzer
maneuver treating children with OME have been published.
The aims of the present study were to develop a non-invasive
device, which enables a combined modiﬁed Valsalva and Politzer
maneuver in young children with persistent OME, to estimate its
ability to ventilate the middle ear and to evaluate the treatment
efﬁciency and compliance of the device in children with persistent
OME.

2. Methods
2.1. The new device
A device (Fig. 1) for non-invasive treatment of children with
persistent OME was developed. The device consisted of (1) an
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inﬂatable facemask, (2) a T-shaped junction tube connecting
at one end to the facemask, (3) another to a balloon, and (4)
the third end to a handheld pump. The pump was covered
by (5) a teddy bear in order to improve compliance in young
children.
The inﬂatable facemask was used to cover the nose and the
mouth of the child with individual adaptation in size. The parent
helped the child to adapt the facemask in order to avoid air leakage
during the maneuver.
The balloon was provided for regulation of the pressure and
visual feed back of correct maneuver to the child and the parent.
The balloon functioned also as an air reservoir producing a
counter-pressure during a few seconds. Three different balloons
with the respective opening pressures of 20  3, 40  2 and
60  5 cm H2O were used. The balloon opening pressure was
veriﬁed by an anesthetic machine (Datex Ohmeda S5 ADU) with
pressure monitoring and ventilation function used at the operating
theater. To eliminate the initial high opening pressure of the
balloon, 5 insufﬂations were done before the measurement of the
opening pressure of each balloon. The quality of the balloons
chosen for the purpose of the study provided a mean opening
pressure that was substantially preserved during approximately 50
inﬂations.
The handheld pump with a total volume of 250 ml was
incorporated in the device. The pump was covered with a teddy
bear and was used to produce a modiﬁed and controlled Politzer
effect in order to facilitate the inﬂation of the balloon whenever
necessary. To control the pressure produced by the handheld
pump, a security valve of 40 cm H2O was installed in the system.
The child would be able to blow up balloons with different opening
pressures (60  5 cm H2O) via the facemask but any pressure
exceeding 40 cm H2O produced from the pump would activate the
security valve.
2.2. Ventilation ability of the device
In order to estimate the ability of the device to ventilate the
middle ear, ten children, aged 3–6 years from the outpatient
clinic, followed up due to OME with tympanogram type C2 or B,
were studied. Tympanometry and otomicroscopy were performed at inclusion. Three previously tested balloons with
respective opening pressures of 20, 40 and 60 cm H2O were used.
Each child started with the balloon with the lowest opening
pressure and changed gradually to a balloon with higher opening
pressure until the child experienced a crackling sound in at least
one ear. The child had then to specify in which ear the crackle
was heard. Further conﬁrmation of middle ear ventilation was
achieved by otomicroscopy evaluating alterations in the position
of the tympanic membrane (retracted or extended) and
existence of gas bubbles and/or liquid in the middle ear before
and after the maneuver. After 20 min of treatment the
experiment was ﬁnalized and otomicroscopy and tympanometry
were repeated.
2.3. Efficiency and compliance

Fig. 1. The device for non-invasive treatment of OME in children consisting of (1)
facemask, (2) T-shaped junction tube, (3) balloon, (4) pump and (5) teddy bear.

For evaluation of the efﬁciency and compliance of the device for
middle ear ventilation, a total of 45 families with children between
the age of 2 and 7 years with persistent bilateral OME for at least
3 months, in waiting list for surgery with myringotomy and
insertion of grommets, were invited.
Children with conﬁrmed asthma, heart failure, craniofacial
anomaly, active otologic disease such as otorrhea and deep
retraction pockets, chronic perforation of the tympanic membrane
or any other severe underlying systemic disease were not included
in this study.
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In both groups, the entry into the study was from January 2009
to June 2010. Any case of upper airway disease during the study
time was registered.
The parents and the children were instructed in how to use the
device. The parents were equipped with the device, sufﬁcient
number of balloons with different opening pressures and a syringe
to inﬂate the facemask whenever necessary. A written instruction
manual and a diary (attachments 1 and 2) were provided for
control of compliance, efﬁciency, side effects and other diseases
during the course of treatment. Full compliance was deﬁned as
using the device two times a day to perform 20 insufﬂations at each
session (approximately 5–10 min).
In order to eliminate the initial high opening pressure of each
new balloon, the parents performed ﬁve inﬂations before starting
the treatment. The balloon with the lowest pressure was initially
used to help the child get familiar with the device. Within the ﬁrst
week of treatment the balloon was changed to another balloon
with the opening pressure 40 cm H2O. Middle ear ventilation
was considered to have taken place if the child referred symptoms
such as mild transient discomfort, sensation of air, water,
alteration in hearing or a crackling sound in one or both ears.
The ﬁnal balloon type chosen for treatment was determined when
the child referred one or several of the above mentioned
symptoms. The children were followed up weekly by a doctor
or nurse. If no normalization was observed after 2 weeks, the child
continued the treatment for another 2 weeks but not longer than
4 weeks.

Table 1
Estimation of ventilation of the middle ear with the new device using three different
balloons with respective opening pressures of 20, 40 and 60 cm H2O. The child’
reaction, otomicroscopic alterations and tympanometry type change (B to C2/C1/A
or C2 to C1/A) in at least one ear was registered at different pressures.
Child nr.

Child’ reaction
at pressure
(cm H2O)

Otomicroscopy
change at
pressure
(cm H2O)

Tympanometry
change at
pressure
(cm H2O)

1
2
3
4
5
6
7
8
9
10

40
40
40
40
60
60
40
20
-

40
40
60
60
60
40
20
-

40
40
60
60
60
40
20
-

‘‘-’’ Stands for no observed changes in otomicroscopy, tympanometry or lack of
reaction from the child.

2.6. Ethics
The study was approved by the Medical Ethics Committee at the
Sahlgrenska University Hospital, Gothenburg, Sweden. All parents
gave their written informed consent.
3. Results

2.4. Measurements
3.1. Ventilation ability of the device
Clinical ear, nose and throat examination including
otomicroscopy was carried out by one examiner at inclusion
and at the end of the study. With otomicroscopy the position
of the tympanic membrane and presence of liquid or gas
bubbles in the middle ear were compared before and after the
treatment.
The tympanometric equipment used in the study was GrasonStadler (GSI 33, Version 2 Middle-Ear Analyzer) with a probe
frequency of 226 Hz. The tympanometry results with this
equipment were considered pathologic, i.e. representing OME, in
type B tympanograms with a ﬂat curve with a relative gradient less
than 0.1 or with middle ear pressure  400 daPa. In the present
study type B tympanograms were registered as 400 daPa in
middle ear pressure. In addition type C2 tympanograms with a
middle ear pressure between 399 and 200 daPa were also
considered pathologic [4,5]. Type A and C1 tympanograms with a
middle ear pressure between 199 and +100 daPa were not
considered to represent OME. Tympanometric measurements
were achieved at inclusion and at the end of the study.
Improvement (but not normalization) in the tympanometric
ﬁndings was deﬁned as the number of ears converting from type
B to C2 tympanogram. Normalization was deﬁned as conversion
from type B or C2 to C1 or A tympanogram. Children with
tympanometric normalization or improvement were deﬁned as
responders and children with no change or deterioration were
deﬁned as non-responders.
2.5. Statistical analysis
All the analyses were performed according to the intention to
treat principle. Differences in the mean pressure difference
before and after treatment or follow-up in each group, were
tested with the Student t-test for independent groups. The
tympanometry type change in the groups from B to C2, C1 or
A and from C2 to C1 or A was tested with the Wilcoxon rank
sum test.

A reaction was noticed in 8 of 10 children; 6 with balloons with
the opening pressures 40 cm H2O and 2 with balloons with
opening pressure = 60 cm H2O. In 7 of 10 children otomicroscopic
ﬁndings suggested middle ear ventilation in at least one of the
ears; 4 with balloons with the opening pressures 40 cm H2O and
in 3 with balloons with opening pressure = 60 cm H2O. Tympanometric type change (B to C2/C1/A or C2 to C1/A) was observed in 7
of 10 children; 4 with balloons with opening pressure 40 cm H2O
and 3 with the balloons with opening pressure = 60 cm H2O. In one
child neither crackle nor changes in otomicroscopy nor tympanometry were observed. Thus in 9 of 10 patients at least one of the
observed parameters indicated middle ear ventilation with the
new device using a balloon with the opening pressure 60 cm H2O.
The results are summarized in Table 1.
3.2. Efficiency and compliance of the device
Eight of the 45 included children were excluded due to
normalization in at least one of the ears. Twenty-three children
were included as the treatment group and 14 children as the
control group. Within the ﬁrst week after inclusion 3 children from
the treatment group and 4 children from the control group were
excluded due to surgery with grommets. The inclusion procedure
is summarized in Fig. 2.
The efﬁciency of treatment with the device was evaluated by
tympanometry and otomicroscopy. The treatment group consisted
of 21 children (42 ears) with tympanogram type C2 (7 ears, 17%)
and B (35 ears, 83%), aged between 2 and 7 years (mean 54 months,
min. 20, max. 89). The control group consisted of 10 children (20
ears) aged between 3 and 7 years (mean 53 months, min. 35, max.
87) with bilateral OME with tympanogram type C2 (3 ears, 15%) or
B (17 ears, 85%).
In the treatment group the tympanometric results indicated
normalization in 22 ears (52%) and improvement in 13 ears (31%).
Seven ears (17%) remained unchanged and no deterioration was
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Table 2
Tympanometry results of ears and children in the treatment and the control group
at inclusion and end of the study.

Inclusion

Nr. of ears (%)

Nr. of children (%)

End

Nr. of ears (%)

Nr. of children (%)

Fig. 2. Inclusion procedure.

observed. In the control group, normalization was seen in 3 ears
(15%) and improvement in another 3 ears (15%). 12 ears (60%)
remained unchanged and 2 ears (10%) deteriorated during the
follow-up time (Fig. 3).
In the treatment group 7 children (33%) achieved bilateral and 8
children (38%) unilateral normalization of the tympanogram type
(C1/A) in comparison with one child (10%) with bilateral and
another child (10%) with unilateral normalization in the control
group. In the treatment group, the number of children with
bilateral type B tympanogram was reduced from 15 (71%) to 1 (5%)
in comparison with an unchanged result of 7 (70%) in the control
group, due to normalization in two ears and deterioration in
another two. The registered tympanogram types at inclusion and
at the end of the study are presented in Table 2.
In the treatment group the tympanometry results indicated a
reduction of the mean middle ear pressure from
385 to
179 cm daPa. In the control group mean middle ear pressure
was altered from 376 to
337 daPa. Student paired t-test
revealed a signiﬁcant change in the pressure difference between
treatment versus control group (p < 0.001).
83% of the ears in the treatment group were considered to be
responders whilst 30% in the control group achieved spontaneous
regression and 15% deterioration during the follow-up time.
Statistical analysis with the Wilcoxon rank sum test showed

[(Fig._3)TD$IG]

Fig. 3. Tympanometric type change in the treatment and the control group at the
end of the study. Normalization stands for alteration from B/C2 to C1/A and
improvement alteration from B to C2.

Treatment

Control

B
C2
C1/A
Bilat. B
Unilat. B
Bilat. C2
Unilat. C2
Bilat. C1/A
Unilat. C1/A

35 (83)
7 (17)
0
15 (71)
5 (24)
1(5)
5 (24)
0
0

17
3
0
7
3
0
3
0
0

B
C2
C1/A
Bilat. B
Unilat. B
Bilat. C2
Unilat. C2
Bilat. C1/A
Unilat. C1/A

5
15
22
1
3
3
8
7
8

14
3
3
7
0
1
1
1
1

(12)
(36)
(52)
(5)
(14)
(14)
(38)
(33)
(38)

(85)
(15)
(70)
(30)
(30)

(70)
(15)
(15)
(70)
(10)
(10)
(10)
(10)

signiﬁcant improvement in the treatment group compared with
the control group (p < 0.001).
In the treatment group the number of ears judged as OME by
otomicroscopy was reduced from 42 (100%) at inclusion to 16
(38%) after treatment. In the control group the number of ears with
OME were reduced from 20 (100%) at inclusion to 16 (80%) at end
of the study.
All children from the age of 2 years were able to use the device
after instruction. Two children (10%) in the treatment group did
not fulﬁll complete compliance, which was deﬁned by using the
device two times per day performing 20 insufﬂations each time
during 2–4 weeks. The parents reported ‘‘lack of time’’ to perform
the treatment in the morning as the principal reason for reduction
in compliance. In general the children considered the device an
amusing toy and in fact many were not willing to return the device
after completed treatment. No complications were reported
during the study. No new upper airway disease was reported
during the study time in neither the treatment nor the control
group.
4. Discussion
In the present study a device was developed to enable a
combination of the Politzer and the Valsalva maneuvers. The pump
produced a modiﬁed Politzer maneuver in order to improve middle
ear ventilation. However, within the ﬁrst day of treatment most
children were able to use the device to inﬂate balloons without the
pump, i.e. modiﬁed Valsalva. The balloon functioned as pressure
regulator, reservoir to maintain the high pressure and provided
visual feedback. The installed security valve was activated when
hazardously high pressures were produced by the pump. Covering
the pump with a teddy bear most probably improved compliance.
The Eustachian tube in young children has reduced ventilatory
function compared to older children [11,12,28]. Earlier studies
have shown a mean forced opening pressure of 30  15 cm H2O in
children with OME [15,16]. In the present study, some children
achieved middle ear ventilation at higher opening pressure of the
balloons. This observation might be explained by the fact that
the children included were younger and the method used to measure
the opening pressure was less accurate. The primary purpose of this
part of the study was to ﬁnd balloons with different opening
pressures suitable for the device and not to measure the exact
opening pressure of the Eustachian tube.
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Evidence for the use of autoinﬂation in the treatment of OME in
children is conﬂicting [22]. One of the most recognized methods
for autoinﬂation is with the Otovent device [25]. Compliance has
been a problem with this device in young children [27]. In the
present study, satisfactory compliance and bilateral normalization in tympanometry was achieved in 7 children (33%) with a
mean age of 49 months (min: 20, max: 89) and unilateral
normalization in 8 children (38%) with a mean age of 54 months
(min: 35, max: 79). No complication was reported during the
study time.
Using the Otovent device, Stangerup et al. showed a higher
efﬁciency in children with type C2 tympanogram compared with B
tympanogram [25]. In the present study 35 of 42 ears (83%) had
tympanogram type B and 7 ears (17%) type C2 at inclusion. Of the
35 ears with tympanogram type B, 17 ears (49%) were normalized
(C1/A) and 13 (37%) were improved (C2). Five of the 7 ears with
tympanogram type C2 at inclusion were normalized. In the
treatment group seven of the ears remained unchanged; ﬁve ears
with B tympanogram and 2 ears with C2 tympanogram at
inclusion. Thus 86% of the children with type B tympanogram at
inclusion achieved either improvement or normalization of the
middle ear pressure with the new device.
In the present study the tympanometric results were used as
the main objective out-come of the study and otomicroscopy as
supplementary diagnostic method. The observed discrepancy
between the tympanometric and otomicroscopic ﬁndings may
reﬂect the acknowledged difference in sensitivity and speciﬁcity of
these methods [6].
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5. Conclusions
Treatment with the present device is suggestive of clinical effect
and satisfactory compliance in young children with persistent OME
with no report of complications. Considering the high spontaneous
resolution of OME [1,5] and the numerous contributing factors to the
development of this disease [29], it is imperative to follow a larger
number of children over a longer time in future studies.
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Appendix A
See Figs. A1 and A2.
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Fig. A1. Manual to ensure correct performance of maneuver.
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Fig. A2. Diary for control of compliance, complications and other disease during the course of treatment.

Appendix B. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.ijporl.2013.10.009.
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