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DEVICE FOR EQUALISATION OF THE PRESSURE IN THE MIDDLE EAR

FIELD OF THE INVENTION

The present invention relates to a device for obtaining an equalization of the negative

pressure in the middle ear of a human being, a patient, having a face with a nose and a mouth.

More specifically the invention relates to a device for pressure equalization in the middle ear

requiring minimal collaboration from the patient. The device is suitable for treatment of both

small children and adults.

BACKGROUND OF THE INVENTION

Many people and in particular children suffer from a condition called secretory otitis

media with effusion -which leads to negative pressure and to the formation of liquid in the

middle ear, causing hearing loss to those suffering therefrom. This condition normally

develops after an upper airway infection, allergic reaction or sudden change of pressure when

flying or diving. After a period of time of negative pressure the amount of mucous increases

and with impaired drainage through the Eustachian tube, the formation of liquid in the middle

ear is a consequence. This condition is called "secretory otitis media", "otitis media with

effusion" or "glue ear" and leads to reduced hearing ability and also leads to an increased risk

for other complications. The majority of patients suffering from secretory otitis media are

children, and the anatomical conditions, i.e. the horizontal position of the Eustachian tube, is

believed to contribute to the prevalence peaking in children younger than 4 years of age.

The negative pressure in the middle ear causing the secretory otitis media can in some

patients be equalized by applying the "Valsalva maneuver". Many adults are able to perform

this maneuver i.e. pressing the nostrils together, closing the mouth and by means of the

diaphragm, increasing the pressure of the air in the mouth and nose cavity. The increased

pressure so created is transplanted through the Eustachian tube, to the middle ear where it

equalizes the negative pressure in the middle ear. This permits drainage of possible liquid in

the middle ear, and reduces the symptoms of secretory otitis media.

Many children, however, cannot learn the Valsalva maneuver technique in order to

facilitate the equalization of the negative pressure in the middle ear. Different devices have

therefore been developed in order to help children to equalize the negative pressure in the

middle ear, e.g. the so called Politzer balloon and various equipments aimed to facilitate the

Valsalva maneuver, e.g. the Otovent balloon. The functioning of the Politzer balloon is to

pump or press air into one nostril while closing the mouth and the other nostril and

simultaneously swallowing, and force air into the Eustachian tube towards the middle ear. The



Otovent balloon is adapted to be connected to one nostril and while holding the other nostril

closed with e.g. a finger, the patient is instructed to close the mouth, swallow, and blow out

through the nose to blow up the balloon to create a counter pressure for opening of the

Eustachian tube and equilibration of the negative pressure in the middle ear. Both of these

non-invasive devices have been of limited value to cure the secretory otitis media in children

by equalizing the pressure in the middle ear. The main problems connected to these devices

are probably due to difficulties of usage as they are complicated and also often unpleasant for

small children to handle, resulting in low compliance.

For treating secretory otitis media, different methods have hitherto been used, namely

adenoidectomy and the already mentioned Politzer and Otovent balloons. As far as we know

however, the most common and efficient treatment for young patients suffering from

secretory otitis media is paracentesis, usually in combination with the introduction of a

ventilating tube in the tympanic membrane. Paracentesis is carried out most often during

general anaesthesia. Due to the common complication of too early expulsion of the ventilation

tube, this surgical procedure might need to be carried out repeatedly. Installation of a

ventilation tube might also lead to a number of other complications such as chronic middle ear

diseases and development of scars and/or permanent perforation of the tympanic membrane.

There are risks that are associated with general anaesthesia, like respiratory and

circulatory failure, and there are already mentioned shortcomings of the methods and

techniques presently available, related to poor medical results as well as to risks

accompanying invasive methods. Therefore, demands have been raised for a non-invasive

device for equalizing the negative pressure in the middle ear of patients, mainly children, who

have problems to perform the Valsalva's maneuver and who have difficulties in using the

Politzer or Otovent balloons and similar devices.

A new device is therefore disclosed for creating an excess pressure in the mouth and

nose cavity in order to open up the Eustachian tube and force the air into the middle ear to

equalize the negative pressure. The inventive device can be practiced on small children, and is

very flexible in use as it can be operated by the child itself or it can be operated by a parent,

with or without the active collaboration from the patient. The device here disclosed presents a

documented patient compliance and is very well accepted among small children (as young as

1.5-3 years old) with no complications registered.

As shown in figure 1 the device comprises at least three components. A facemask is

provided, adapted to cover at least nose and mouth of the patient. A manual or automatic air

pump is provided, suitably covered with, or otherwise associated with, a teddy bear or similar



toy figure like a puppet, for making the treatment more fun for the child. An air reservoir is

provided, typically in the form of an elastic inflatable balloon, but alternative embodiments

including other kinds of air reservoirs are also envisaged. All three components are connected

to each other via a tube or similar structure having at least three openings adapted for the at

least three main components, respectively. A pressure relief valve and/or an apparatus for

pressure monitoring and/or an adjustable outlet valve also suitably are connected to the

connecting tube or similar structure of the device.

Air pressure is created by the patient, by expiration into the facemask via mouth

and/or nose, or by a practitioner or supervisor (e.g. doctor or parent), by activating the air

pump, or is created by both patient and practitioner/supervisor/parent by essentially

simultaneous expiration and pump activation, respectively. A sufficient rise in air pressure in

the device makes the air reservoir expand. Ultimately this creates an increased pressure in the

mouth and/or nose cavity and opens the Eustachian tube and forces air into the middle ear for

equalization of the negative pressure and drainage of possible fluid.

As mentioned previously, various non-invasive equipments for equalizing pressure in

the middle ear have been demonstrated in prior art. They are based on the idea of creating a

positive air pressure in the nasal/mouth cavity by having the patient to blow a balloon with the

mouth or with one or both nostrils (e.g. Otovent), wherein the positive air pressure of the

balloon is transplanted to the nasal or mouth cavity, or are based on the Polizer technique, i.e.

to force air into the nasal cavity by means of e.g. a balloon.

U.S. Patent No. 5,950,631 discloses a device for creating an increased pressure in the

mouth cavity by inserting in the mouth of the patient a mouthpiece on which a balloon is

mounted, and by instructing the patient to blow the balloon by expiration via the mouth while

both nostrils are closed. The pressure created by the balloon is intended to be transplanted into

the nasal cavity for entrance into the Eustachian tube and opening of the same. The flexibility

in use is limited as the device is not adapted for nostril connection. This implies that the

nostrils of the patient must be closed by hand or by the use of a nose clip. This makes the

device according to this patent not very user- friendly compared to the device according to the

present disclosure, as it does not allow the free choice of breathing and blowing through both

nostrils and/or the mouth in the same way as the present disclosure does, and because the nose

clip may hurt. Furthermore, there is no possibility for the practitioner or a parent to take part

in the treatment as in the present disclosure which might exclude the youngest children that

probably will have difficulties in understanding the procedure. Moreover, the effect in

opening the Eustachian tube is limited as the passage from mouth cavity to Eustachian tube



can be closed by closing the soft palate and letting all the air come out of the mouth instead of

going towards the Eustachian tube. In conclusion, this device is limited in functionality and

has a reduced compliance compared to the present disclosure.

EP0504124, U.S. Patent No. 3,749,083 and U.S. Patent No. 4,817,626 all have a very

similar appearance and functionality. The devices are composed of a tube having one end

adapted to fit one of the patient's nostrils, and the other end provided with a balloon. The

devices have the nostril end of the tube adjacent to the patient's nostril and when the balloon

is inflated, the pressure created by the inflated balloon is intended to be transplanted into the

nasal cavity for entrance into the Eustachian tube and opening of the same. Many adults and

most children experience difficulties understanding and learning how to use these devices.

Even if young patients understand the instruction of usage, there are often problems related to

proper positioning against the nose - if the device is too heavily pressed against the nose it

actually tends to block the nostril opening, and also hurts, and if it is too loosely pressed

against the nose it tends to create leakage. Many patients break off the treatment due to

unpleasantness and pain and discomfort associated with the treatment. The flexibility in use is

limited as the devices are not adapted for mouth connection. This implies that the patient's

mouth and one of the nostrils must be closed making these devices not very user- friendly

compared to the device according to the present disclosure, as they do not allow the free

choice of breathing and blowing through both nostrils and/or the mouth in the same way as

the present disclosure does. This problem is not solved simply by providing a Y-shaped tube

with two nostril openings as is proposed in EP0504124, which makes the adaptation and

usage even more complicated for the young patient. The free choice of breathing is still very

limited, and furthermore, having the nostrils occupied by one or two tube-end nostril plugs is

not a very pleasant feeling for most persons, definitely not children. Furthermore, there is no

possibility for the practitioner or parent to take part in the treatment as in the present

disclosure, which excludes the youngest users who cannot understand the given instructions.

Having a pump increasing the pressure as in the present disclosure is specifically important

when treating children with limited understanding of the treatment and this enables success in

children as young as 1.5 years of age. It has been previously reported that the device

according to EP0504124 has not been proven to give satisfactory results on patients younger

than 5 years old, which is in contrast to the present disclosure by which it is possible to reach

good results on patients from 1.5 years old and older. In conclusion this prior art device is

limited in functionality and has a reduced compliance compared to the present disclosure.

U.S. Patent Nos. 4,749,377; 5,419,762 and 2006/0272650 disclose various types of



equipment for equalizing pressure in the middle ear, all of them based on the idea of creating

a positive air pressure in the nose/mouth cavity by exposing the airways to a positive air

pressure created by a device delivering compressed air via an electrical air pump via a single

nostril plug. The provision of a single nostril plug creates similar disadvantages as the

previously mentioned devices with a balloon and a tube end for nostril connection. A

difference from those previously mentioned devices, however, is that the practitioner controls

the flow rate and air pressure by regulating the equipment. On the other hand, the patient has a

very limited control over the situation, which usually ends up in unpleasant experiences and

low compliance, especially when it comes to treatment of children. These devices can be

referred to as relying on the same treatment regime as the Polizer balloon, which treatment is

well known to be considered by younger patients to be very unpleasant, which in turn results

in a poor compliance.

The present disclosure is better, and has indeed demonstrated unexpected and superior

results, compared to the technical solutions of the prior art, and this is for several reasons.

Firstly, the patient does not need to precisely follow a specific procedure of breathing out and

simultaneously swallow to get the desired effect. Secondly, the patient is free to breathe out

through the mouth or the nose or through both nose and mouth, and this has been shown to be

very important for compliance and for the treatment efficacy and the comfort of usage. Prior

art devices are restricted to either mouth or nose application, or even to one single nostril,

having the other nostril closed by e.g. a finger. Thirdly, the supervisor, which preferably is a

parent, can create the pressure in the system (device and patient airways) by activating the air

pump whenever the patient is exhaling or breathing actively or not. So the parent can, but

he/she does not have to, help the patient fill the air reservoir with air to get an increased

pressure in the system, which increases the flexibility of usage and adaptation to the particular

patient. In a typical embodiment it is possible to blow the balloon, to have it filled and exert a

counterpressure, or creating the counterpressure using the pump without the active

participation of the patient. It has unexpectedly been found that an unaffected teamwork or

collaboration between the young patient and the supervisor/parent is developed, which is

considered a joyful game for the patient, by using the disclosed device, which obviously is

part of the successful treatment results demonstrated.

Thus it is an object to provide an improved non-invasive device for pressure

equalization of the middle ear of patients, mainly children, suffering from secretory otitis

media.



SUMMARY OF THE INVENTION

The invention herein is a device for obtaining an equalization of a negative pressure in

the middle ear. The device comprises a facemask, an air pump and an air reservoir, all of them

connected to a connecting tube. An increased air pressure is created by expiration into the

facemask and/or by activating the air pump. A sufficient rise in air pressure in the device

makes the air reservoir expand, and this creates increased pressure in the mouth/nose cavity

and opens the Eustachian tube and forces air into the middle ear for equalization of the

negative pressure.

More specifically, device comprises a facemask, which facemask is adapted to tightly cover at

least the nose and mouth, thereby creating an air chamber between the face and the facemask,

and which facemask has a facemask air channel which allows air flowing in or out of the

chamber, an air source, having the capacity to deliver an increased air pressure compared to

the atmospheric air pressure through an air source outlet, an air reservoir, having a reservoir

air channel which allows air flowing in or out of the reservoir, which air reservoir is designed

to define and maintain an air pressure exceeding the atmosphere pressure and work like a

pressure regulator when loaded, and a tube structure, having at least three openings adapted

for connecting the facemask air channel, the air source outlet and the reservoir air channel to

the tube structure interior.

The air reservoir in one embodiment is an elastic inflatable balloon, which is can be designed

to maintain a counter pressure of 20 - 80 mBar when loaded.

Yet another embodiment comprises a security pressure relief valve for pressure monitoring

the tube structure interior, connected to the tube structure.

Still another embodiment comprises an adjustable relief valve, which is connected to the tube

structure in order to control the maximum pressure of the tube structure interior. The

adjustable relief valve can be adjustable to release pressure in the range from 0 to 100 mBar.

A further embodiment comprises a check valve, which is connected between the air source

and the tube structure, allowing air flow into the tube structure only.

In yet another embodiment, the check valve is arranged to cooperate with the adjustable relief

valve so that when the check valve is open the release valve is closed.

According to the invention, the tube structure can be designed to comprise one or several

interconnected tube shaped components, coupled to each other.

In one embodiment of the invention an air source in the form of a powered air pump is

provided, which suitably has means for not permitting air flow in the opposite pump direction.



In another embodiment the air source is a manually operated bellow pump.

The invention also, in another embodiment, comprises a facemask which is removable from

the connecting tube 3 in order to allow a choice of facemask of a size well suited for the

human being in question.

In one embodiment, suitable for small children, the facemask is provided with a piece

resembling a baby pacifier or a rubber nipple. The piece can then be replaceable and optional

for installation in the facemask. In another embodiment suitable for small children, the air

reservoir and/or the air source is hidden in a funny figure in the shape of a puppet or a cuddle

toy. Also, in yet another embodiment the device comprises means for providing optical or

visual feedback to the patient when the air reservoir is loaded.

Other objects and advantages of the present invention will become obvious to the

reader and it is intended that these objects and advantages are within the scope of the present

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view showing a representative embodiment of the present

invention mounted over the nose and mouth of a user.

Figure 2 is a perspective view showing an alternative embodiment of the present

invention mounted over the nose and mouth of a user.

Figure 3 is a collection of side view drawings showing various configurations of the

present invention.

Figure 4 is a perspective/side view drawing showing the present invention in a

preferred embodiment comprising a teddy bear puppet in which an air pump is inserted.

Figure 5 is a perspective/side view drawing of a detail of the device according to the

present invention.

DETAILED DESCRIPTION OF THE INVENTION AND

PREFERRED EMBODIMENTS THEREOF

The device here disclosed comprises at least three main components connected to a

tube or similar structure composed of one or several interconnected tube shaped components,

and hereafter referred to as the connecting tube.



Referring to figure 1, a facemask 1 is provided as a face interface, adapted to provide

an essentially tight-fitting cover for at least both nose and mouth of the patient. The facemask

is provided with an opening 2 for connection to a connecting tube or tube structure 3, wherein

the opening 2 of the facemask communicates as a mouth/nose-interface creating an open air

channel through the facemask 1. The facemask 1 preferably is removable from the connecting

tube 3 in order to allow a facemask 1 of a size well suited for the patient in question to be

provided, e.g. a small size if the patient is a child, or a larger size for adults. Any size of the

facemask 1 is envisaged in this context. The facemask 1 can be disposable or not, and can be

provided with a filter 4 for cleaning the breathing air before entering the device. The

facemask 1 does not have to be a conventional facemask, but could be any kind of structure

that can provide an essentially tight-fitting cover over the nose and mouth of a patient, and

that is able to conduct air between the mouth/nasal cavities and the other parts of the device.

The part of the facemask 1 coming into contact with the patient's skin can be made of

silicone, gel, leather, rubber, plastic, e.g. as an air-filled, gel-filled or water-filled pillow, or

can be made of any material that fits the facial contours in a sealing manner and is acceptable

in terms of human health. The rest of the facemask 1 can be made of similar material,

however typically a more rigid structure.

An air source, such as an air pump 5 or air compressor or other apparatus having the

capacity to deliver an increased air pressure compared to the atmospheric air pressure, is

provided. The air pump 5 or air compressor preferably is intermittently activated, or is

provided with an internal outlet regulator, to provide an increased air pressure, i.e.

compressed air, discontinuously or continuously. The air pump 5 could be manual (hand-

powered or foot-powered; figures 2, 3a-3c) or could be an automatic or semi-automatic

powered electromechanical or pneumatic or hydraulic pump (figures 1 and 3d) or could be a

pump based on a combination of the foregoing technologies. The air pump 5 does not permit

air flow in the opposite direction (back-flow), regardless of being activated or not activated.

Examples of manual pumps are bellow pumps, compressible balloons or balls, similar to

mattress pumps, or any kind of displacement pump or reciprocating pump, like for example

piston pumps. The air pump 5 or air compressor is provided with an air outlet 13 connected to

the connecting tube 3 . In an embodiment the air pump 5 is removable, allowing

pumps/compressors of different types, sizes and capacities to be provided as desired.

Referring to figure 2, in the embodiment comprising a manual air pump 5, a check

valve 6 can be provided for regulation of the air flow between the pump 5 and the outside

atmosphere, allowing air flow into the pump 5 when the internal air pressure is lower than the



surrounding atmosphere, not allowing air flow out of the pump 5 when the internal air

pressure is higher than the surrounding atmosphere. The provision of the check valve 6

enables successive pumping of air from the pump into the connecting tube.

Referring to figure 1 and 2, an air reservoir 7 with an opening 8 adapted for

connection to the connecting tube 3 is provided. Preferably, the air reservoir 7 is an inflatable

balloon, but it could also be a variable volume chamber which is e.g. spring or gravity loaded.

The air reservoir 7 is provided to provide a defined air pressure resistance when loaded in

order to provide a counter pressure optimal for pressure equalization of the middle ear without

causing any hazard to the tympanic membrane or the lungs. Other technical solutions based

on air reservoirs in combination with digital pressure control and pressure monitoring and

feedback are also envisaged. The air reservoir 7 is preferably removable, allowing air

reservoirs of various types and of various air pressure resistances to be provided, and so that

used and non-functioning air reservoirs can be replaced by new ones as demanded. In the case

of the air reservoir 7 being a balloon, this is suitable disposable.

Each one of the at least three main components, 1, 5 and 7 in figures 1 and 2 are

connected to the connecting tube 3 which has at least three openings 14, 15, 16 receiving the

corresponding openings of the at least three main components, respectively. The components

are communicating via the connecting tube 3 . Air pressure can be created by the patient

breathing or blowing into the facemask 1 via mouth and/or nose, or can be created by

activating the air pump 5 or by a combination of the two procedures. Air pressure so created

propagates along the inside of the connecting tube 3 to the different components and if it

reaches a certain level it makes the air reservoir 7 to expand and/or stay expanded. It also

creates an increased pressure in the mouth and nose cavity in order to open the Eustachian

tube and force the air in the middle ear to equalize the negative pressure therein and drain any

possible fluid.

Referring to figure 2 an apparatus for pressure monitoring 9 and/or a security pressure

relief valve 10 and/or an outlet valve 11 with adjustable opening pressure may also be

provided to allow monitoring the pressure, and avoiding the creation of a pressure that can

cause damages to the patient's ears or other organs.

The connecting tube 3 shown in e.g. figure 2 is preferably made of plastic or metal of

sufficient rigidity to provide air-tight connections to the various components connected to it,

and for easy handling of the device. The connecting tube may also have details made of other

materials like rubber, metal and glass and parts of it may be more flexible to make it



adjustable if so desired. The connecting tube 3 can be made entirely as one unit, or can be

composed of several parts connected to each other, e.g. parts of tubes, joints and gaskets.

Again referring to the figures 1 and 2, an embodiment of the present disclosure

comprises a face mask 1 as an interface adapted to essentially tight-fittingly cover at least the

nose and the mouth of a patient, in the figures represented by a facemask 1 with minimum

leakage of air during respiration with the facemask properly mounted on the face of a patient.

The facemask is connected to the first opening 14 of connecting tube 3 or similar structure.

Furthermore the embodiment comprises an air pump 5. The air pump 5 is connected to the

second opening 15 of the connecting tube 3 . Furthermore it comprises an air reservoir 7, in

the figure represented by an inflatable balloon, for controlling the air pressure in the device,

for providing compliance feedback to the patient, regulating the pressure in the system, and

finally for providing an expandable air reservoir function. The air reservoir 7 is mounted on

the connecting tube 3, and connected to the third opening 16 of the connecting tube.

In the present disclosure, the air reservoir 7 is connected to the third opening 16 of the

connecting tube and the air pump 5 is connected to the second opening 15 of the connecting

tube 3, as shown in figures 1 and 2 . Various spatial relationships between the various

components of the device of this disclosure are demonstrated in figures 3a, 3b, and 3c.

However other configurations not particularly represented by these figures are also envisaged.

Preferably, an adjustable relief valve is provided such as outlet valve 11 to control the

maximum pressure in the device. The relief valve preferably is adjustable to release pressure

in the range from 0 and 100 mBar. The position of the relief valve is not fixed, but it can be

positioned as desired, e.g. as indicated in figures 1 and 2 .

In another embodiment, with reference to figures 1 and 2, a check valve 12 is provided

between the air pump 5 and the connecting tube 3, which check valve 12 regulates the air

flow between the air pump 5 and the connecting tube 3 and the surrounding atmosphere. The

adjustable valve 11 is designed to mainly regulate the maximum pressure in the tube 3 but

also to cooperate with the check valve 12 in the following way. The check valve 12 allows air

flow from the air pump towards the balloon and facemask 1 via the connecting tube 3 when

the air pressure of the air pump exceeds the air pressure in the connecting tube 3, e.g. during

activation of the air pump, and at inspiration, while sealing off the adjustable valve 11. Thus

check valve 12 allows airflow only towards the patient whenever the pump is activated and

allows airflow from the patient out through the adjustable valve 11 whenever the pump is not

activated. The check valve 12 does not allow any air back flow through the pump to the

atmosphere at any time. The expiratory air is released from the device to the outside



atmosphere via the adjustable outlet valve 11 against a certain pressure resistance that can be

set within a range from 0 to 100 mBar. This embodiment allows the patient to breathe

normally by both inspiration and expiration through the facemask with no discomfort

whenever the resistance is set on 0 or close to 0 and the air pump (5) is not activated. When

the pump is activated the check valve 1 opens up for air flow directed towards the patient

and seals off the adjustable outlet valve 11. At inspiration when the pump is not activated the

air enters through check valve 6 and passes the pump 5 and reaches the patient through the

connecting tube 3 and the mask 1. The expiratory air passes out through the system and can

only pass to the outside through the adjustable outlet valve 11. Only when the air pump is

activated (increased pressure) the patient's expiration is trapped within the device and,

together with the air from the activated air pump 5, contributes to inflating the air reservoir 7

resulting in an increased internal air pressure in the device and in the mouth/nose cavity. The

resistance of the air flow out of the system through outlet valve 11 can be adjusted by altering

the size of the opening and is gradually raised to reach the desired level with the acceptance of

the patient without causing any discomfort.

In an alternative embodiment of the device there is no adjustable valve provided. In

this embodiment the device comes into function by the internal air pressure rising as soon as

the patient breathes or blows by expiration into the facemask 1 irrespective of having the air

pump 5 activated or not. In this embodiment the air pump 5 is activated only when desired,

e.g. when in use on small children with the lack of sufficient collaboration. An advantage of

this embodiment is that no coordination between the patient's expiration and the activation of

the air pump 5 is needed. Also, in this embodiment it is easier for a child to handle the entire

device on his/her own, without the assistance of a parent or other supervisor.

Preferably, the embodiment provided with an adjustable outlet valve 11 and a check

valve 1 is used initially, to get the patient familiar with the device. The pressure gradient is

gradually raised by adjustment of the outlet valve 11 from 0 towards the desired pressure

which should be higher than the pressure needed to inflate the balloon. The resistance in the

adjustable outlet valve 11 can be set between 0 and 100 mBar. The embodiment without an

adjustable valve 11 could be used at a later stage of treatment, e.g. under supervision of a

parent to the patient or without any supervision.

The arrangement with an adjustable outlet valve 11 according to the foregoing

description allows the patient to breathe freely without substantial resistance when the device

is tight-fittingly mounted at the mouth and nose of the patient, the resistance on the adjustable

outlet valve 11 is 0 or close to 0 and the compression bag is not compressed. This minimizes



the sense of discomfort in wearing the device and is therefore an advantage compared to prior

art devices.

In an optional embodiment the facemask 1 is provided with a component 1

resembling a baby pacifier or a rubber nipple provided in elastic materials such as rubber or

silicone with or without a taste or flavour upon contact with liquid (patients saliva) or suction.

According to figure 5, this pacifier like structure would be fixated inside the facemask 1 with

a mouldable or elastic mechanism to permit limited movement for adjustment to the patient's

facial configuration and to be comfortably adapted in the mouth when the facemask is in

position. This optional embodiment of the facemask would inspire the child to want to play

with the device even more improving the compliance, assuring a closed mouth while

performing the treatment leading to transplantation of the raised pressure within the nasal

cavity and towards the Eustachian tube and finally stimulates salivation, suction and

swallowing which is known to reduce the pressure needed to open the Eustachian tube,

leading to improved efficiency as well. The component 1 could be replaceable and optional

for installation in the facemask or could be stationary fixed.

The device according to the present disclosure is preferably intended for treatment of

children with negative pressure in the middle ear, causing secretory otitis media. Adults can

also successfully be treated with the device of the present invention. The device is

advantageously used by children as well as adults in connection with diving and flying and

other activities that could induce disadvantageous pressure gradients over the tympanic

membrane. Treatment using the device can be performed at any stage of dysfunction and any

degree of symptoms related to pressure gradients over the tympanic membrane. The treatment

can also be prophylactic.

In the embodiment, provided with an adjustable valve 11, the device functions so that

the interface, such as facemask 1, adapted to cover the mouth and nose is placed over the

mouth and nose of the patient so that it allows little or no leakage of air during respiration.

The patient breathes through the device freely with the air flowing in, coming into the system

through check valve 6, passing the air pump 5 and the check valve 12. The outflow of the

expiratory air is provided through outlet valve 11 when the resistance is set lower than the

counter pressure of the air reservoir 7 . The adjustable outlet valve 11 set on zero gives

essentially no expiration resistance from the valve. Whenever the air pump 5 is activated upon

expiration or apnea (no breathing) a positive air pressure will be created within the device and

this air pressure will propagate into the airways increasing the air pressure in the mouth and

nose cavity, making the air reservoir 7 larger (in the case it is a balloon) creating a



counterpressure and leading to the opening of the Eustachian tube and equalization of the

negative pressure in the middle ear. By raising the resistance in the adjustable valve 11 it is

possible to gradually adapt the patient to expire towards a resistance and to finally be able to

blow up -the air reservoir 7 (i.e. increase the air pressure) by her-/himself i.e. when the

resistance is higher than the pressure required to expand the air reservoir 7 .

In the embodiment not provided with an adjustable valve 11, the device functions so

that the interface, such a face mask 1, adapted to cover the mouth and nose is placed over the

mouth and nose of the patient so that it allows little or no leakage of air during respiration.

Whenever the patient blows, or at expiration into the device, and/or when the air pump 5 is

activated, a positive air pressure will be created within the device and this air pressure will

propagate into the airways increasing the air pressure in the mouth and nose cavity, due to the

air reservoir 7 becoming larger (if it is a balloon) or increasing the pressure by other means,

creating a counterpressure and leading to the opening of the Eustachian tube and equalization

of the negative pressure in the middle ear.

The function of the air reservoir 7 is to maintain a positive air pressure in the device

and in the patient's mouth and nose cavity for a while, typically for about 1 to 2 seconds, in a

preferred embodiment for 2 to 5 seconds, to work like a pressure regulator not permitting

dangerously high pressures in the system, and to give feedback on the compliance. The

compliance feedback can be based on the air reservoir being a balloon 7 that expands as the

pressure increases upon expiration, or can be based on indirect digital or analog signals

indicating an increased pressure in the system, like sound or light or colors or a combination

of the these, typically a visual and/or audible signal on a display and/or loudspeaker. In a

preferred embodiment, the air reservoir 7, e.g. a balloon or other pneumatic equipment

provided with a pressure loaded chamber, or a pressure gauge, can have a funny figure or the

like on it or on a cover put on it or simply in association to it, to provide compliance feedback

more adapted to children as the air pressure in the air reservoir is increased.

The air reservoir 7 also helps in adjusting the desired pressure. Using a balloon for this

regulator purpose, it must have an elasticity which gives an inflating resistance in order to

achieve a therapeutic effect, whereby the counterpressure preferably is 20 up to 80 mBar. The

balloon must be of such elasticity to provide a reservoir to maintain the desired pressure in the

airways and keep the Eustachian tube open for at least 1-5 seconds, allowing equalization of

the negative pressure as well as drainage of any possible fluid in the middle ear.

In a preferred embodiment the air pump 5 is provided with a funny figure on it or on a

cover put on it, preferably a teddy bear or similar cuddly toy in the form of e.g. a puppet



mounted on the outer surface of the air pump or in association with the air pump, and with the

air tube 3, mounted for example through its front (figures 4). In an alternative embodiment

both air pump 5 and air reservoir 7 are covered by the funny figure (not shown). The figure is

preferably made of a material that the patient finds attractive and pleasant, e.g. textile, teddy,

nonwoven fabric, fur, rubber, plastic, silicone or a combination of these and other materials.

The supervisor/parent typically "helps" the child patient increase the air pressure in the device

to get compliance feedback (e.g. blowing the balloon or inducing the compliance feedback

system described above to provide a feedback signal). This is done by squeezing the

teddybear or similar figure, and thereby simultaneously force air from the pump (figure 4)

into the tube, air reservoir and into the patient's mouth/nose cavity. The patient's response to

the "help" is typically to blow the balloon by expiration, and this is part of the treatment. In an

alternative way of practice, the young patient "helps" the teddy bear puppet to blow the

balloon up (the air reservoir) to get positive compliance feedback, which leads to an increased

pressure in the nose/mouth cavity, resulting in a successful treatment. There is often an

unaffected teamwork play or collaboration developing between the young patient and the

practitioner/supervisor/parent as the device here disclosed is used, which obviously is part of

the successful treatment results.

By gradually increasing the resistance in the adjustable outlet valve 11 the child learns

to breathe against a constant pressure which at a certain level will increase the pressure in the

upper airways enough to blow up the balloon. After a short time of training to get familiar

with the device, many children will prefer to have the embodiment with no adjustable valve

11 to be able to blow up the balloon by themselves even without the help of the parent.

The device functions by increasing the air pressure in it whenever the patient expires

in it or when he/she expires or holds her/his breath in combination with activation of the air

pump. Therefore it is possible to use it with little collaboration from the patient and even on

small children with difficulties in understanding and following instructions.

The optional security device comprising an apparatus for security pressure relief valve

10 can be set on a desired pressure. This security pressure relief valve is opened whenever the

pressure in the system exceeds a certain level e.g. 20 -80 mBar.

In summary, the device according to the present disclosure relies on a combination

therapy based on both the Valsalva and Polizer techniques. This combination has been proven

to give surprisingly good therapeutic results of curing secretory otitis media. The unexpected

results are much better than the sole additive effect of Polizer in combination with Valsalva.

This will be described more in detail in the following examples. Moreover, in a preferred



embodiment the present disclosure relies on the psychological dimension of treatment of

children by providing feedback compliance based on the increased air pressure, and by a

playmate associated with air pump. These aspects of the disclosure are important for a

positive relation to be established between the young patient and the device and the

parent/supervisor or practitioner when he is present, and thereby increases the compliance. In

conclusion, this invention is more user-friendly and reaches much better results compared to

the already known technical solutions of treatment of secretory otitis media.

EXAMPLE 1

A pilot study conducted on four subjects with serous otitis media demonstrated 100%

compliance and immediate improvement of the pressure of the middle ear after 20 minutes of

usage. The subjects, aged 2-7 years, were collected from the waiting list for insertion of

ventilation tubes in general anaesthesia at the hospital. The criteria for inclusion for surgery

are bilateral otitis media with effusion for more than 6 months assessed by tympanometric and

clinical evaluation.

This study was small but of value to demonstrate that the device was able to produce the

desired effect and reduced the negative pressure in the middle ear of the test subjects.

EXAMPLE 2

A pilot study conducted on patients aged 1-6 years (from the waiting list for insertion

of ventilation tubes at the hospital) showed improved tympanometric results in 9 of 11 of the

test subjects with otitis media with effusion treated 2 times a day by the device of the present

invention for equalization of the middle ear pressure during 4 weeks.

The middle ear pressure was measured at inclusion and after 2 and 4 weeks of

treatment with the device.

Results:

• One patient refused to use the device.

• One patient has not experienced desired clinical effect of the treatment.

• All the other subjects have objectively improved middle ear pressure confirmed by

tympanograms.

• No adverse effects were reported.

• The device was well tolerated by the children. They found it as interesting as a toy,

and therefore accepted the treatment.



• The youngest subject, 1.5 years of age, had been suffering from serous otitis media for

about 6 months. This had limited his hearing, the language development and his social

skills. The boy used the device as prescribed and improved his middle ear pressure to

normal after 4 weeks of treatment. The parents noted a substantial improvement in his

hearing and the verbal development. Along with the treatment he became able to

pronounce new words and became much more active and participating in the family.

• The cured patients were excluded from the waiting list for operation.

• The patients are followed up in the out-patient clinic and have so far maintained

normal hearing and middle ear pressure.

EXAMPLE 3

An ongoing study conducted at the Sahlgrenska University Hospital in

Gothenburg Sweden shows promising results for the invented device regarding the middle ear

pressure and hearing in young children. The patients were chosen from the waiting list of the

hospital for operation of serous otitis media and only subjects with middle ear pressure < -400

were included. The included subjects had been suffering from hearing loss due to the negative

pressure and serous otitis media during the past 6 months and were about to be operated under

general anesthesia for insertion of ventilation tubes.

The patients were randomized into a study and a control group and the audiologist and

the treating doctors were blinded for the treatment given. The study group received treatment

twice a day with the invented device. Both the study and the control group underwent hearing

and tympanometric tests at inclusion and after 2 weeks.

The middle ear pressure is measured in dekapascal (da Pa) and the closer the pressure

is to 0 the better the movement of the tympanic membrane and the better the hearing. In

young children, it is normal to find negative pressures in the middle ear and a pressure from -

200 to 0 is considered normal in small children.

The hearing level is measured in decibel (dB) and is registered by the patient

distinguishing the tones presented. The lower the level of sound that the patient distinguishes

the better is the hearing.

The subjects were instructed to use the device twice a day to make 15 balloons in the

morning and 15 in the evening. The patients' parents kept a diary about usage, any adverse

effects or infections.

Results:



No adverse effects were reported and on the contrary the test subjects found the

treatment amusing.

The infection rate was the same as in the control group

7 of the 9 patients in the treated group improved their hearing and middle ear pressure

compared with 1 of 9 in the control group.

The 2 patients in the treatment group with no therapeutic effect did not fulfill the

treatment as described.

The average middle ear pressure in the treated group improved from -400 da Pa to

-152 da Pa (table 1) while the pressure for the subjects in the control group improved

slightly from -400 da Pa to -370 da Pa. (table 2)

The average hearing level in the treated group improved from 21.6 dB to 13 dB (table

1) while the hearing level in the control group altered slightly from 23 dB to 21.6 dB.

(table 2)

Table 1: shows the results in the treated group



Table 2 : shows the results in the control group

The overall results show an unpredictably high efficiency of the invented device

compared with the control group with the similar age and from the same operation waiting

list.

CONCLUSION OF THE STUDIES

The results above show an outstanding effect of the invented device compared with

prior art. There are no former non-surgical inventions adapted to treat secretory otitis media in

children below the age of 3 . Clinical experience shows that patients older than 5-6 years

might be able to use the devices presented in the prior art.

The new invention combines efficiency with comfort and compliance for treatment at

home for children. The device shows not only an improved tympanometric result but also



about 3 times better hearing in the treated subjects compared with the control group. No

earlier known device has been able to show improved middle ear pressure on subjects as

young as 1.5 year of age.



Claims SYN361 1 111022

1. Device for obtaining an equalization of a negative pressure in the middle ear of a

human being, having a face with a nose and a mouth, c h a r a c t e r i s e d

t h e r e i n, that the device comprises

a facemask (1), which facemask is adapted to tightly cover at least the nose and

mouth, thereby creating an air chamber between the face and the facemask, and which

facemask has a facemask air channel (2) which allows air flowing in or out of the

chamber,

an air source (5), having the capacity to deliver an increased air pressure compared to

the atmospheric air pressure through an air source outlet (13),

an air reservoir (7), having a reservoir air channel (8) which allows air flowing in or

out of the reservoir, which air reservoir is designed to define and maintain an air

pressure exceeding the atmosphere pressure and work like a pressure regulator when

loaded,

and a tube structure (3), having at least three openings (14, 15, 16) adapted for

connecting the facemask air channel (2), the air source outlet (13) and the reservoir air

channel (8) to the tube structure interior.

2 . A device according to claim 1, c h a r a c t e r i s e d t h e r e i n, that the air reservoir

(7) is an elastic inflatable balloon.

3 . A device according to claim 1 or 2, c h a r a c t e r i s e d t h e r e i n, that the air

reservoir (7) is designed to maintain a counter pressure of 20 - 80 mBar when loaded.

4 . A device according to any of the foregoing claims, c h a r a c t e r i s e d t h e r e i n,

that a security pressure relief valve (10) for pressure monitoring the tube structure

interior is connected to the tube structure (3).

5 . A device according to any of the foregoing claims, c h a r a c t e r i s e d t h e r e i n,

that an adjustable relief valve ( 11) is connected to the tube structure (3) to control the

maximum pressure of the tube structure interior.



6 . A device according to claim 5, c h a r a c t e r i s e d t h e r e i n, that the adjustable

relief valve ( 11) is adjustable to release pressure in the range from 0 to 100 mBar.

7 . A device according to any of the foregoing claims, c h a r a c t e r i s e d t h e r e i n,

that a check valve (12) is connected between the air source (5) and the tube structure

(3), allowing air flow into the tube structure.

8. A device according to claim 7, c h a r a c t e r i s e d t h e r e i n, that the check valve

(12) is arranged to cooperate with the adjustable relief valve ( 11) so that when the

check valve is open the release valve is closed.

9 . A device according to any of the foregoing claims, c h a r a c t e r i s e d t h e r e i n,

that the tube structure (3) comprises one or several interconnected tube shaped

components, coupled to each other.

10. A device according to any of the foregoing claims, c h a r a c t e r i s e d t h e r e i n,

that the air source is a powered air pump (5), and that the air pump (5) comprises

means for not permitting air flow in the opposite pump direction.

11. A device according to any of the claims 1-9, c h a r a c t e r i s e d t h e r e i n, that the

air source (5) is a manually operated bellow pump.

12. A device according to any of the foregoing claims, c h a r a c t e r i s e d t h e r e i n,

that the facemask (1) is removable from the connecting tube (3) in order to allow a

choice of facemask of a size well suited for the human being in question to be

provided.

13. A device according to any of the foregoing claims, c h a r a c t e r i s e d t h e r e i n,

that facemask (1) is provided with a piece (17) resembling a baby pacifier or a rubber

nipple.

14. A device according to claim 11, c h a r a c t e r i s e d t h e r e i n, that the piece (17)

is replaceable and optional for installation in the facemask.



15. A device according to any of the foregoing claims, c h a r a c t e r i s e d t h e r e i n,

that the air reservoir (7) and/or the air source (5) is hidden in a funny figure in the

shape of a puppet or a cuddle toy.

16. A device according to any of the foregoing claims, c h a r a c t e r i s e d t h e r e i n,

that the device comprises means for providing optical or visual feedback to the patient

when the air reservoir is loaded.
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