
Dry powder inhalation device for the simultaneous
administration of more than one medicament 5
Technical field The present invention relates to a
dry powder inhalation device suitable for the
simultaneous administration of a combination of
different medicaments, wherein each medicament is
packed in a separate blister of a single dose
10blister strip. Background of the invention The
administration of medicaments by inhalation is one of
the most 15 promising approaches in therapy that can
be applied to a wide variety of diseases. The first
inhaled medicaments were used for the treatment of
diseases affecting the airways; however there has
been an increased interest recently for the
development of inhaled forms of medicaments that
target various other diseases, such as diabetes. 



20 The administration of medicaments by inhalation is
carried out by using inhalation devices (inhalers). A
large number of such devices are comprised in the
state of the art. A large category of inhalers
includes those wherein the medicament is situated in
a receptacle in the form of dry 25 powder and wherein
the patient, by using the power of his/hers lungs,
creates a streaming of air which carries along the
powder which is subsequently inhaled through a
mouthpiece. These devices are known as dry powder
inhalers (DPIs). The powder in said devices is either
situated in a container from where the required
amount is measured using an internal 30 mechanism, or
it is packed as individual doses in the corresponding
receptacles such as blister packs or capsules. The
powder comprises the active ingredient which in most
cases is combined with one or more excipients.  2 It
is also known from the state of the art that some
diseases are treated by a combination of more that
one inhaled medicaments which, when this is possible,
are preferably administered simultaneously. The
simultaneous administration through the inhalation
route is preferred over the sequential 5
administration because in this way the patient
receives the required dose of the medicaments by
inhaling only once and therefore the treatment is
achieved by the use of a single inhaler, something
which solves many practical problems and results in
better compliance by the patient. Furthermore in some
cases the simultaneous administration may be proved
10 to be therapeutically more effective comparing to
the sequential administration. In the cases of
simultaneous administration of a mixture of
medicaments the inhalers are the same with the ones
used for the administration of a single medicament,
the only difference being that this time the
pharmaceutical composition comprises the mixture of
the active 15 ingredients in the appropriate ratio
which in the majority of cases is mixed with one or
more excipients. 



However, the presence of a mixture of active
ingredients in the pharmaceutical composition creates
considerable problems. First of all it is 20 possible
that an interaction between the active ingredients
comprised in the mixture may occur, which may result
in their decomposition. This outcome in the best of
cases leads to the decreased effectiveness of the
treatment as a result of the presence of smaller
amounts of the active ingredients in each dose,
whereas in the worst cases it may become hazardous
for the 25 patient since the decomposition products
could not only be therapeutically ineffective but
pose a danger to the patient's health. Furthermore,
the presence of a mixture of active ingredients
creates problems with the 



development of the appropriate pharmaceutical
composition, since each active ingredient has its own
physical and chemical characteristics which 30 are
not necessarily compatible with the corresponding
characteristics of the other ingredient.
Consequently, the development of a pharmaceutical  3
composition which is suitable for both ingredients of
the mixture becomes more difficult. One of the dry
powder inhalers comprised in the state of the art is
that disclosed in W003082389. Said document discloses
a dry powder inhalation device wherein the medicament
is packed in the blister of a specially designed
single dose blister strip. The device comprises a
mouthpiece, a blister strip support surface and a
strip storage compartment. The support surface
comprises an attachment point (e.g. a protrusion), a
cavity which receives the blister of the strip and
guides for the correct placement of the strip. The
three parts are movably joined to each other. When
the blister strip is placed on the support surface
and the mouthpiece is in its basic position, the base
of the mouthpiece touches the strip and covers
completely the powder containing blister. The
mouthpiece of said device comprises three parts, an
exterior part and two interior parts of conical
shape. The first of the interior parts, whose lower
side has two openings and touches the blister of the
strip, is divided into two chambers through which the
air which enters the mouthpiece carries the powder.
Then, the mixture of air and powder passes through
the second interior part of the mouthpiece and exits
the device. In order to use said device for the
simultaneous administration of a combination of
medicaments, the single dose blister strips should
contain the mixture of said compounds, with all the
aforementioned problems and disadvantages. 



Embodiments of the present invention seek to enable
the user to inhale simultaneously a combination of
two medicaments, while providing solutions to all of
the above-mentioned problems.  4 Description of the
invention According to an aspect of the present
invention, there is provided a  combination of a dry
powder inhalation device and a single dose blister
strip wherein the device comprises a mouthpiece, a
strip support surface and a strip storage
compartment, wherein the strip support surface
comprises an attachment point, a cavity which
receives a powder containing blister, and guides,
wherein the mouthpiece is movably joined to the strip
support surface so as when the device is ready for
inhalation the base of the mouthpiece touches the
strip and covers completely the powder containing
blister, and wherein the single dose blister strip
comprises a base sheet and a cover sheet, wherein the
base sheet comprises an attachment formation and a
blister, wherein the cover sheet seals the base sheet
so as it can be detached by pulling away from the
base sheet, characterized in that the device is
suitable for the simultaneous administration of two
medicaments, in that the strip support surface
further comprises a second cavity which receives a
second powder containing blister, in that the base
sheet of the strip further comprises a second blister
which contains a medicament other than the one
contained in the first blister and in that when the
device is ready for inhalation the base of the
mouthpiece further covers the second blister
completely.  Embodiments of the present invention
provide a dry powder inhaler which is suitable for
the simultaneous administration of more than one
medicament. What is meant by the term simultaneous
administration is that the patient receives the
required dose of the medicaments by inhaling only
once. According to embodiments of the present
invention each pharmaceutical ingredient is packed in
a separate blister of the same single dose blister
strip, wherein the term single dose blister strip
designates a strip that contains a single dose of
each medicament. The device comprises a mouthpiece, a
blister strip support surface and a blister strip
compartment. The support surface comprises a point
for the attachment of the strip (attachment point),
two cavities which receive the blisters of the powder
containing strip and guides for the firm placement
and the correct alignment of the strip. Preferably
the attachment point is a protrusion. The mouthpiece
is movably joined to the support surface so as when
the device is ready for inhalation the base of the
mouthpiece touches the strip and covers completely
the powder containing blisters. According to
embodiments of the present invention the administered
medicaments come into contact with each other for the
first time just before they exit the mouthpiece of
the device, as it is explained herein below.
Embodiments of the present invention also provide a
blister strip for the storage of a single dose of a
combination of medicaments, wherein said strip is
comprised of a base sheet and a cover sheet which are
made of materials known from the state of the art,
such as aluminium, polyamide, paper, polyester etc.
The base sheet comprises an attachment formation and
two cavities, each of them comprising a different
pharmaceutical ingredient. The attachment formation
is preferably a hole. The base sheet is sealed in the
area around the cavities by a cover sheet whose free
end, while initially covering the attachment
formation, is folded 180 degrees creating therefore a
pulling tab, and enabling the user to expose the
powders by pulling away the cover  



5 sheet from the base sheet. The active
pharmaceutical ingredients packed in the blisters of
said strip may be used as such or they may be
combined with suitable excipients. The term
medicament therefore, used throughout the present
description and claims, designates either the
pharmaceutical ingredient as such or its combination
with suitable excipients. Another feature according
to embodiments of the present invention is the
mouthpiece of the aforementioned device. Said
mouthpiece enables the simultaneous release of the
powders comprised in both blisters by a single
inhalation. Furthermore, it enables the adjustment of
the inhaler's resistance by simple means during its
manufacture. The resistance of a dry powder inhaler
corresponds to the force by which the patient has to
inhale in order to receive the medicament. It is
desirable that the resistance of the device is not
very high so that the device may be used by a wide
variety of patients. Furthermore, with embodiments of
the present invention there may be no powder
accumulation in the interior walls of the mouthpiece,
something very important for the efficacy and safety
of the inhaler. The mouthpiece comprises three main
parts, the first being the exterior part, i.e. the
one that the patient places in his mouth during the
inhalation, and two interior parts, the first of
which is fixed on top of the other. The upper part is
generally of conical shape, and its top constitutes
the exit of the powder from the device, whereas its
base is fixed at the top of the lower part of the
mouthpiece. Said lower part comprises at least one
opening which serves as the entrance of the inhaled
air into it and two pairs of two openings at its
base, said base being the base of the mouthpiece
which touches the strip while at the same time
covering completely the powder containing blisters.
The first opening of each pair represents the
entrance of the air into each blister and the second
opening represents the exit of the powder from each
blister respectively. Each of the powder exit
openings constitutes also the base of a cylinder,
which is positioned in a generally  6  vertical
orientation with regard to the base of the
mouthpiece, the height of said cylinders being at
least equal to the height of the lower part of the
mouthpiece. The two cylinders may have the same or
different heights and the same or different
diameters, depending on the properties of each
powder. It is generally preferred that the height of
each cylinder is such that its top does not exceed
50% of the height of the upper part of the
mouthpiece. It is particularly preferred that the top
of each cylinder does not exceed 20% of the height of
the upper part of the mouthpiece, and it is even more
particularly preferred that it does not exceed 10% of
said height. The top of the lower part of the
mouthpiece is sealed by a cover which bears two
openings through which the two cylinders pass.
According to embodiments of the present invention the
size of each opening is larger than the diameter of
the corresponding cylinder. The gaps between the
openings of the cover and each cylinder respectively
allow for a portion of the air which enters the lower
part of the mouthpiece instead of heading towards the
powder containing blisters, to pass through said gaps
and to exit the mouthpiece through its upper part. In
this manner the resistance of the device may be
reduced since the pressure which is created within
the air which enters the lower part of the mouthpiece
is released when part of the air passes through said
gaps. Hence, the amount of air which passes into the
upper part of the mouthpiece in a unit of time may be
increased and therefore the resistance of the device
may be reduced. The resistance can be easily modified
by changing the size of the openings of the cover,
while the remaining parts of the mouthpiece remain
unchanged, which means that the device of the present
invention can be manufactured and modified in a cost
effective and simple manner. According to embodiments
of the present invention, the two gaps may have the
same or different sizes. The size of the gaps depends
on the properties of each powder and on the group of
patients that use the device. It is generally
preferred that the overall surface of the gaps should
be up to three times greater than the surface of the
opening(s) for the entrance of the air into the lower
part of the mouthpiece. It is more preferred that the
7  surface of the gaps should be up to two times
greater than the surface of the air opening(s), and
it is particularly preferred that it should be up to
one and a half times greater than the surface of the
air opening(s) for the entrance of the air into the
lower part of the mouthpiece. 



With the mouthpiece according to embodiments of the
present invention no accumulation of powder on the
inner walls of the inhalation device is observed.
This feature may be very important for the efficacy
of the device since it may ensure that the patient
inhales every time the required dose of the
medicament. The inhalation device according to
embodiments of the present invention may be used in
the following way: The user lifts the mouthpiece from
its basic position and places a blister strip on the
support surface in such a way that the attachment
formation of the strip is combined with the
corresponding attachment point of the surface. The
strip is aligned with the help of the guides and the
blisters enter the cavities of the surface. Then, the
user returns the mouthpiece to its basic position and
exposes the powder by pulling away the cover sheet of
the strip. At this point the base of the mouthpiece
touches the strip while it covers completely the
powder containing blisters and the device is ready
for inhalation. The user then inhales the powder and
by lifting the mouthpiece from its basic position in
order to replace the used strip, he verifies that he
has inhaled the entire amount of the powder.
Embodiments of the present invention exhibit
significant advantages compared to the state of the
art. Since the two pharmaceutical compounds do not
come into contact prior to the inhalation process but
only after they leave the cylinders of the
mouthpiece, they do not interact with each other and
therefore the possibility of decomposition as a
result of such interaction may be eliminated. This
means that the device according embodiments of the
present invention provides for the possibility of
simultaneous administration of a far greater number
of medicament combinations since it allows the
simultaneous administration of  8 medicaments which
are chemically incompatible with each other.
Additionally, since each pharmaceutical compound is
situated in a different blister, it is possible to
develop two different pharmaceutical compositions, so
that the end product may contain the best possible
composition for each active ingredient. Hence the
development of the products may become far 



easier and cost effective, since there is no need to
develop a pharmaceutical composition which is
suitable for both active ingredients at the same
time. The drawings that follow illustrate some
examples of the present invention. Brief description
of the drawings  Figure 1 shows an inhalation device
according to the present invention. Figure 2 shows
the blister strip support surface of the inhalation
device. Figure 3 shows the mouthpiece of the device.
Figure 4 shows the lower part of the mouthpiece of
the device. Figure 5 shows a single dose blister
strip according to the present invention. Figure 6
shows the manner by which the blister strip is placed
in the device.  Figure 7 shows a vertical section of
the mouthpiece and the air flow through It.  9 



Detailed description of the drawings Figure 1 shows
an example of a dry powder inhalation device suitable
for the simultaneous administration of more than one
pharmaceutical 5 compounds wherein the powder is
packed in the blisters of single dose blister strips,
and wherein said device comprises a mouthpiece (A), a
blister strip support surface (B) and a strip storage
compartment (C). The blister strip support surface
(B) (figure 2) comprises a protrusion (1) 10 which
serves as an attachment point, two cavities (2) and
(3), which accommodate the blisters of the strip, and
guides (4) for the correct alignment and firm
placement of the strip. The mouthpiece (A) is movably
joined to the support surface (B). In order to allow
for the placement of the strip in the device, the
mouthpiece (A) is lifted from its basic position. 15
Figure 3 shows an example of a mouthpiece according
to the present invention. The mouthpiece comprises
three main parts: The external part (5), which the
patient places in his mouth during the inhalation,
and two internal parts (6 and 7). The external part
(5) comprises an opening (8) for 



20 the entrance of the air into the device. The upper
internal part (6) is generally of conical shape and
is accommodated at the inner walls of the external
part (5). The top of the cone (6) represents the exit
of the powder from the device, whilst its base is
fitted to the top of the lower part (7). The latter
part comprises two openings (9 and 10) for the
entrance of the air into 25 it, and two pairs of two
openings (11, 12 and 13, 14) at its base. Two of the
openings (11 and 13) constitute the entrance of the
air into each powder containing blister and the other
two openings (12 and 14) the exit of the powder from
each of the blisters. The openings for the exit of
the powder (12 and 14) bear a sieve, which is
optional according to the invention, and 



30 which prevents the particles that are larger than
the desired size to pass through the mouthpiece.
These openings (12 and 14) represent also the  10
bases of two cylinders (15 and 16) whose height is
slightly larger than that of the lower part (7). The
top of the lower part (7) is sealed by a cover (17)
which bears two openings (18 and 19) through which
the two cylinders (15 and 16) pass. As it is clearly
depicted in figure 4, the size of each opening 5 (18
and 19) is larger than the diameter of the respective
cylinder (15 and 16) and in this way two gaps are
formed through which a portion of the air that enters
the lower part (7) passes, as it is explained herein
below. The single dose blister strip (figure 5)
comprises a base sheet (20) and a 10 cover sheet
(24). The base sheet (20) comprises an attachment
formation (in the specific example a hole (21)) and
two blisters (22 and 23), each of which contains a
different pharmaceutical compound. The base sheet
(20) is sealed by the cover sheet (24) in the area
around the blisters (22 and 23). The free end of the
cover sheet, which initially covers the hole (21), is
15 then folded by 180 degrees creating therefore a
pulling tab and enabling the user to expose the
powders by pulling away the cover sheet (24) from the
base sheet (20). Figure 6 show the manner by which
the single dose blister strip is placed in 



20 the inhalation device. Thus, after the mouthpiece
has been lifted from its basic position, the hole
(21) of the strip is passed through the protrusion
(1) of the support surface and each of the blisters
(22 and 23) enters the corresponding cavity (2 and
3). Then the user returns the mouthpiece to its basic
position and pulls the cover sheet (24) until it is
detached from the 25 base sheet (20). In case that
the user so wishes, he can lift the mouthpiece from
its basic position in order to verify that the powder
is available for inhalation. Finally, and while the
mouthpiece is at its basic position, the user inhales
30 the powder and then, by lifting the mouthpiece in
order to replace the used strip, he can check that he
has inhaled the entire dose of the medicaments.  11
Figure 7 shows a vertical section of the mouthpiece
of figure 3 and the air flow through it. For
visibility reasons only one of the cylinders and the
pair of openings that cover one of the blisters is
shown, whereas what is 5 mentioned below can be
equally applied to the second cylinder and the pair
of openings that cover the second blister. The air
enters the mouthpiece through one or more openings
that are not 



shown in this specific drawing. Then, through (in
this specific example) two 10 openings (9 and 10) the
air enters the lower part (7) of the mouthpiece.
There, a portion of the air passes through the
opening (11) for the entrance of the air into the
blister (22), carries away the powder situated in the
blister (22) of the strip, and the mixture of air and
powder passes through the opening (12) for the exit
of the powder from the blister into the cylinder (15)
15 and enters the upper part (6) of the mouthpiece. A
second portion of the air that enters the lower part
(7), passes through the opening (18) and enters the
upper part (6). This air meets the mixture of air and
powder that exits the cylinder (15) and is combined
with them, creating a new mixture of air and powder
which exits the mouthpiece through the opening (25).
In the 20 same way, the air that enters the lower
part (7) carries away the powder situated in the
second blister (23), while a portion of it passes
through the opening (19) (not shown). Hence, the
powders situated in the two blisters (22 and 23) come
into contact with each other for the first time in
the upper part (6) of the mouthpiece, just before
they exit the device. The present 25 invention
therefore ensures the simultaneous administration of
a combination of pharmaceutical compounds, while
avoiding the disadvantages of the prior art.  12
CLAIMS  1. A combination of a dry powder inhalation
device and a single dose blister strip wherein the
device comprises a mouthpiece, a strip support
surface and a strip storage compartment, wherein the
strip support surface comprises an attachment point,
a cavity which receives a powder containing blister,
and guides, wherein the mouthpiece is movably joined
to the strip support surface so as when the device is
ready for inhalation the base of the mouthpiece
touches the strip and covers completely the powder
containing blister, and wherein the single dose
blister strip comprises a base sheet and a cover
sheet, wherein the base sheet comprises an attachment
formation and a blister, wherein the cover sheet
seals the base sheet so as it can be detached by
pulling away from the base sheet, characterized in
that the device is suitable for the simultaneous
administration of two medicaments, in that the strip
support surface further comprises a second cavity
which receives a second powder containing blister, in
that the base sheet of the strip further comprises a
second blister which contains a medicament other than
the one contained in the first blister and in that
when the device is ready for inhalation the base of
the mouthpiece further covers the second blister
completely.  2. A combination according to claim 1,
wherein the attachment point is a protrusion and the
attachment formation is a hole. 



3. A combination according to claim 1 or 2, wherein
the mouthpiece comprises an upper part and a lower
part, wherein the lower part comprises at least one
opening for the entrance of the air into it and whose
base comprises two openings for the entrance of the
air into each blister and two openings for the exit
of the powder from each blister.  13  4. A
combination according to claim 3, wherein each
opening for the exit of the powder from the blister
constitutes the base of a cylinder whose height is at
least equal to the height of the lower part of the
mouthpiece and wherein the top of said part is sealed
by a cover which bears two openings through which the
two cylinders pass and wherein the size of each
opening is larger than the diameter of the
corresponding cylinder.  5. A combination according
to claim 4, wherein the overall surface of the gaps
between the openings of the cover and the cylinders
should be up to three times greater than the surface
of the air opening(s) for the entrance of the air
into the lower part of the mouthpiece.  6. A
combination according to claim 5, wherein the surface
of the gaps is up to two times greater.  7. A
combination according to claim 6, wherein the surface
of the gaps is up to one and a half times greater.
8. A combination according to any of claims 4 to 7,
wherein the height of each cylinder is such that its
top does not exceed 50% of the height of the upper
part of the mouthpiece.  9. A combination according
to claim 8, wherein the top of each cylinder does not
exceed 20% of the height of the upper part of the
mouthpiece.  



14 10.A combination according to claim 9, wherein the
top of each cylinder does not exceed 10% of the
height of the upper part of the mouthpiece. 


