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Description

FIELD OF THE INVENTION

[0001] The invention relates to a medicament delivery
device, comprising a housing having a driving mecha-
nism and a reservoir, which is at least partly filled with a
substance and which is sealed at least on one side with
a flexible wall. The invention also relates to a capsule for
introduction into a bodily lumen comprising a medica-
ment delivery device. The invention further relates to an
in vivo medicine delivery or diagnostic system.

BACKGROUND OF THE INVENTION

[0002] Capsules or pills for introduction into a bodily
lumen are known and for example used for medicament
release and for diagnosis of the gastrointestinal (GI) tract
in the human or animal body. Electronic pills for medica-
ment release typically have a housing made from bio-
compatible materials that houses both a medicament res-
ervoir containing a pre-dosed amount of a medicament
and control electronics for precisely delivering the med-
icament to a pre-selected site in the GI tract of a human
or animal. Also contained by the housing is a means for
providing a link for wireless communication by the pill to
the outside of the body upon ingestion of the pill by a
subject. The electronics enable the pill to deliver the on
board medicament at a specific site in the GI tract of a
human or animal using sensors, timing or location. A cap-
sule or pill for diagnosis of the GI track typically comprises
a sensor (and typically not a medicine reservoir) that
monitors a body temperature or a pH value, and/or com-
prises an image sensor that is arranged to create images
of the GI tract.
[0003] US 2004/0253304 A1 discloses a capsule with
a medicament delivery device that includes a substance,
for example a drug, stored by the capsule in a reservoir
and a driving mechanism that, in response to a change
of state of an environmentally-sensitive mechanism, is
adapted to drive the substance into the GI tract. The driv-
ing mechanism comprises a movable member, such as
a membrane, which moves within the capsule in re-
sponse to the generation of gas by a generator. The gen-
erated or released gas produces an increased pressure
on the membrane. The pressure loaded membrane, in
turn, applies pressure to the substance, thereby driving
the substance out of the medicine reservoir into the GI
tract. In other configurations of the medicament delivery
device the movable member a movable member is not
provided, but instead a gas generator acts directly on the
substance.
[0004] A disadvantage of the known medicament de-
livery device is that the gas generator in the capsule pro-
duces gas with a relatively high pressure. The temporarily
increased pressure in the capsule results in a safety haz-
ard and a less reliable medicament delivery device.
[0005] US 2003/0136189 A1 discloses a fluid volumet-

ric pumping system with a sensor device, wherein a flex-
ible membrane changes its volume due to pumping of a
fluid and at the same time changes the capacitance of a
capacitor.
[0006] In US 2006/0259015 A1, an implantable device
is disclosed which releases medicaments from a reser-
voir by reducing the volume of the reservoir via a flexible
membrane which is moved by the expansion of a propel-
lant.
[0007] US 2004/0133166 A1 discloses an occlusion
detection system for an infusion pump to pump insulin
for example.
[0008] In WO 03/018089 A1, an electrochemical actu-
ated liquid delivering device is disclosed which comprises
a flexible membrane. Due to electrochemistry, the flexible
membrane is expanded and pressed into a reservoir such
that a liquid being present in the reservoir is pressed out
of the reservoir.
[0009] In WO 2008/012700A1 and WO 2006/077528
A2, an ingestible capsule is disclosed which comprises
a reservoir to store a drug to be delivered out of the cap-
sule, the reservoir comprising an opening with a control-
lable valve. Opposite to the controllable valve, a driving
mechanism is located to drive a piston through the res-
ervoir in order to release the drug from the reservoir when
the valve is opened.
[0010] US 5,279,607 A describes an ingestible capsule
with a reservoir for storing a drug to be released from the
capsule, wherein a piston is provided that releases the
drug from the reservoir and that seals the reservoir from
the rest of the capsule.
[0011] It is an object of the invention to provide a med-
icament delivery device, which is more reliable and safer.
The invention is defined by the independent claims.
Advantageous embodiments are defined by the depend-
ent claims.
[0012] This object is achieved by a medicament deliv-
ery device which is characterized in that the drive mech-
anism is adapted to press a piston against the flexible
wall thereby releasing the substance from the reservoir
through an opening. Because of the piston pressing
against the flexible wall, there is no need for a gas with
a high pressure inside the capsule and therefore the safe-
ty and reliability of the medicament delivery device are
both increased. Another advantage is that the piston
does not need to fit tightly inside the housing, because
the flexible wall, and not the piston, seals the medicine
reservoir. The piston in this invention is not a hermetically
sealed barrier for the substance, instead, the flexible wall
serves that function, and the piston functions as a driving
element that releases the substance from the reservoir.
As the wall is flexible, it follows the movement of the pis-
ton, which presses against the flexible wall, until at least
part of the substance is released.
[0013] This object is achieved by the capsule for intro-
duction into a bodily lumen comprising the medicament
delivery device according to the invention and electronic
circuitry to control the piston. This object is also achieved
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by the in vivo medicine delivery or diagnostic device com-
prising a capsule according to the invention and an ex-
ternal device arranged to communicate with the electron-
ic circuitry. In an embodiment of the capsule according
to the invention, the housing comprises a first part and a
second part, in which the first part of the housing is se-
cured to the second part of the housing thereby clamping
the flexible wall in between the first part of the housing
and the second part of the housing and separating the
drive mechanism from the reservoir. In this way the sub-
stance stored in the reservoir is sealed from the drive
mechanism.
[0014] In a further embodiment of the capsule accord-
ing to the invention, the first part of the housing comprises
a protrusion and the second part of the housing compris-
es a recess, in which the flexible wall is clamped in be-
tween the first part of the housing and the second part
of the housing by insertion of the protrusion into the re-
cess thereby securing the first part of the housing to the
second part of the housing. In this way the sealing length
of the flexible wall is enlarged, which increases the seal-
ing strength of the flexible wall and hence the reliability
of the device.
[0015] In an embodiment of the capsule according to
the invention, the piston is provided with a threaded hole
and is driven by a threaded component of the drive mech-
anism, which threaded component is mounted onto an
electrical motor. The combination of the threaded hole in
the piston and the threaded component mounted onto
the electrical motor advantageously provides for a simple
and well-known drive mechanism.
[0016] In an embodiment of the capsule according to
the invention, a part of a surface of the piston that contacts
the flexible wall during release of the substance from the
reservoir comprises a low friction material. This advan-
tageously reduces friction between the piston and the
flexible wall resulting in an improved adaptation of the
flexible wall to the surface of the piston.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] These and other aspects of the invention will be
further elucidated and described with reference to the
drawings, in which:

Fig. 1 is schematic cross-sectional view of an em-
bodiment of a capsule having a medicament delivery
device according to the invention;
Fig. 2 is a perspective cross-sectional view of an
embodiment of a capsule having a medicament de-
livery device according to the invention; and
Fig. 3 is a cross-sectional view of an embodiment of
a capsule having a medicament delivery device ac-
cording to the invention.

[0018] The Figures are not drawn to scale. In general,
identical components are denoted by the same reference
numerals in the figures.

DETAILED DESCRIPTION OF EMBODIMENTS

[0019] Implementations of a medicament delivery de-
vice according to the invention provided in a capsule will
be explained below as an example. However, the inven-
tion is not limited to these examples and may also be
applied in other medicament delivery devices.
[0020] Fig. 1 is a schematic cross-sectional view of a
capsule 100, which is a self-contained, electronically con-
trolled medicament delivery system for use by a subject,
human or animal, for example by ingestion. The capsule
100 comprises a cylindrical housing 1 in which, amongst
others, electronic control circuitry 40, a medicament de-
livery device and sensors for diagnostic purposes are
mounted. Housing 1 is preferably made from bio-com-
patible materials such that capsule 100 is bio-compatible
for at least the amount of time it requires to traverse the
GI tract of a human or animal. The bio-compatible mate-
rials are preferably stable at room temperature and below
room temperature, such that capsule 100 has a long shelf
life. Housing 1 may be fabricated from a biologically safe
polymeric material such as, for example, polytetrafluor-
oethylene, polypropylene, polyethylene, acrylics and the
like. Housing 1 is more preferably manufactured from
materials used to fabricate implantable devices, includ-
ing pacemaker leads and cardiac prosthesis devices,
such as artificial hearts, heart valves, intra-aortic bal-
loons, and ventricular assist devices. Assembled capsule
100 is preferably sized to be suitable to be swallowed by
a human or animal. Preferably, assembled capsule 100
is about 1 cm in diameter and 2 to 3 cm long.
[0021] A power source 6 powers the electronic control
circuitry 40 in order for the medicament delivery device
and sensors for diagnostic purposes to operate. Power
source 6 additionally powers any other electrically pow-
ered equipment housed by capsule 100. Power source
6 may be a battery, a capacitor or any other known means
for providing a power supply.
[0022] The electronic control circuitry 40 is, for exam-
ple, used for communication and for controlling release
of a substance stored in a reservoir 2 and may include,
without limitation, a drive unit for an electrical motor, a
microprocessor, sensors for aiding in determining the lo-
cation of capsule 100 without physical contact, a temper-
ature sensor, an image sensor, communication means
such as, for example, an RF transceiver and an antenna.
The RF transceiver provides for an RF link and is used
for transmitting signals to and receiving signals from out-
side of the capsule 100. For example, the transceiver
communicates with a portable device (not shown), which
is able to program a medicament release profile by trans-
mitting a signal that is subsequently received by the trans-
ceiver. The portable device may also communicate with
a base station (not shown) with, for example, an infrared
link, which base station is used for communication with,
for example, a medical expert. For a long shelf life it is
essential that the electronic control circuitry 40 is com-
pletely decoupled from the power source 6, otherwise a
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small leakage current will ultimately empty the power
source 6. To start the electronic circuitry, it must be
waked-up, and for that purpose a wake-up circuit (not
shown) may be designed that is powered from the outside
by inductive radiation that is received by an antenna in-
tegrated in the capsule 100.
[0023] The electronic control circuitry 40 comprises a
large number of electronic components that need to be
mutually electrically connected. For this purpose, one
continuous flex foil is applied to provide for a printed cir-
cuit board on which various electronic components are
attached. The attachment of various electronic compo-
nents on the flex foil and the integration of electrical con-
nections between the electronic components on the flex
foil 1 reduces the number of components and hence in-
creases the reliability of the capsule 100.
[0024] The reservoir 2 is used for storing a substance
that can be delivered to the GI tract inside the human
body via a dispensing hole 25 in, for example, the housing
1. The substance may refer to, for example, medicines,
non-medicinal substances, contrast agents, radiological
agents and imaging markers. In this embodiment the sub-
stance is preferably a medicament for treatment of dis-
eases of the GI tract. The dispensing hole 25 may com-
prise a removable seal or plug, which, for example, com-
prises a material that dissolves in the GI tract in the hu-
man or animal body thereby opening the dispensing hole
25. The medicament delivery device further comprises a
movable piston 23, which is driven by, for example, an
electrical (stepper) motor 22 controlled by the electronic
control circuitry 40. The motor 22, for example, translates
the piston 23 via a screw mechanism 24 towards the
dispensing hole 25. In another embodiment the motor 22
is a linear motor directly driving the piston 23 towards the
dispensing hole 25.
[0025] The reservoir 2 is on one side sealed with a
flexible wall 21, which is attached to the housing 1. A part
of a surface 26 of the piston 23 is pressed against the
flexible wall 21, and a part of the flexible wall 21 contacts
a part of the surface 26 of the piston 23 and is adjusted
to the shape of the contacting part of the surface 26 of
the piston 23. In order to prevent the piston 23 from ro-
tation, the piston 23 is, for example, provided with a notch
that runs into a track that is provided in the housing 1
(not sown). The piston 23 is moved via the motor 22 to-
wards the dispensing hole 25. When the piston 23 con-
tacts and presses against the flexible wall 21, the flexible
wall 21 presses against the substance in the reservoir 2,
and, as a result, the substance is released from the res-
ervoir 2 through the dispensing hole 25.
[0026] Because the flexible wall 21 seals the sub-
stance in the reservoir 2, the piston 23 is only used to
press the substance from the reservoir 2 through the dis-
pensing hole 25. The piston 23 has no sealing function,
which sealing function is normally attributed to pistons in
general. Because the piston 23 does not form a seal for
the substance in the reservoir 2, there is no tight tolerance
requirement for fitting the piston 23 into the housing 1.

In fact, the piston 23 even does not need to contact the
inside surface of the housing 1 to provide for a proper
release of the substance from the reservoir 2. The surface
26 of the piston 23 may be provided with a material that
has a low friction, such as for example Teflon™. In this
way the flexible wall 21 that contacts the contact surface
26 is able to glide over the surface 26 of the piston 23
with a relatively low friction and the flexible wall 21 will
fold in an optimum way in the space between the piston
23 and the housing 1.
[0027] The flexible wall 21 is made of a material that
provides for a sealing of the reservoir 2 and has flexible
properties that allow for adjusting to the shape of the
surface 26 of the piston 23 without tearing apart or dam-
aging the flexible wall. Such a material may be, for ex-
ample, polymer based laminates like a pharmaceutical
grade Polyethylene / Polychlorotrifluoroethylene (PE /
PCTFE) flexible film.
[0028] Fig. 2 shows a perspective cross-sectional view
of the capsule 100 having a medicament delivery device
according to the invention and Fig. 3 is a cross-sectional
view of the capsule 100 having a medicament delivery
device according to the invention, and the electronic con-
trol circuitry 40, having several different components, the
motor 22 which drives the piston 23 via the screw mech-
anism 24 towards the dispensing hole 25 such that the
surface 26 of the piston 23 is pressed against the flexible
wall 21. A first part 11 of the housing 1 is secured to a
second part 12 of the housing 1 by the insertion of a
protrusion 31 of the first part 11 into a recess 32 of the
second part 12. In between the protrusion 31 and the
recess 32 a part of the flexible wall 21 is clamped pro-
viding for a fixation of the flexible wall 21. In this way the
flexible wall 21 seals the substance that is in the reservoir
2 and thus forms a barrier between the substance and
the remaining components of the medicament delivery
device and capsule 100. In order to enhance the sealing
properties of the flexible wall 21, biocompatible adhe-
sives may be used for the adhesion of the flexible wall
21 in between the protrusion 31 and the recess 32, or,
alternatively, ultrasonic frictional heating may be applied.
Note that the first part 11 of the housing 1 comprises the
reservoir 2 and that the second part 12 of the housing 2,
comprising the remaining components of the medica-
ment delivery device and capsule 100, is separated from
the reservoir 2 by the flexible wall 21. The protrusion 31
and the recess 32 provide for an increased length over
which the flexible wall 21 is clamped between the first
part 11 and the second part 12 of the housing 1, thereby
increasing the sealing strength of the flexible wall 21 and
minimizing leakage of the substance to the outside of the
reservoir 2.
[0029] The flex foil, on which various electronic com-
ponents are attached, is electrically and mechanically
attached to the motor 22.
[0030] In summary, the invention provides for a med-
icament delivery device, which comprises a driving
mechanism and a housing having a reservoir, which is
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at least partly filled with a substance and which is sealed
at least on one side with a flexible wall. The driving mech-
anism is adapted to press a piston against the flexible
wall thereby releasing the substance from the reservoir
through an opening in the reservoir. This provides for a
safe and reliable medicament delivery device.
[0031] It should be noted that the above-mentioned
embodiments illustrate rather than limit the invention, and
that those skilled in the art will be able to design many
alternative embodiments without departing from the
scope of the appended claims. In the claims, any refer-
ence signs placed between parentheses shall not be con-
strued as limiting the claim. The word "comprising" does
not exclude the presence of other elements or steps than
those listed in a claim. The word "a" or "an" preceding
an element does not exclude the presence of a plurality
of such elements.

Claims

1. An ingestible capsule (100) for introduction into a
bodily lumen,
the capsule (100) being a medicament delivery de-
vice and comprising a housing (1) having a reservoir
(2) with an opening (25) and an electronic circuitry
(40) being adapted to control a driving mechanism,
the reservoir (2) being at least partly filled with a sub-
stance and being sealed at least on one side with a
flexible wall (21),
the flexible wall (21) being attached to the housing
(1) and separating the housing (1) in a first part (11)
comprising the reservoir (2) and a second part (12),
characterized in that the second part (12) compris-
es
the driving mechanism and the electronic circuitry
(40),
the driving mechanism being adapted to press a pis-
ton (23) against the flexible wall (21) thereby releas-
ing the substance from the reservoir (2) through the
opening (25).

2. An ingestible capsule (100) according to claim 1,
wherein the first part (11) of the housing (1) is se-
cured to the second part (12) of the housing (1) there-
by clamping the flexible wall (21) in between the first
part (11) of the housing (1) and the second part (12)
of the housing (1) and separating the drive mecha-
nism from the reservoir (2).

3. An ingestible capsule (100) according to claim 1 or
2, wherein the first part (11) of the housing (1) com-
prises a protrusion (31) and the second part (12) of
the housing comprises a recess (32), in which the
flexible wall (21) is clamped in between the first part
(11) of the housing (1) and the second part (12) of
the housing (1) by insertion of the protrusion (31)
into the recess (32) thereby securing the first part

(11) of the housing (1) to the second part (12) of the
housing (1).

4. An ingestible capsule (100) according to one of the
preceding claims,
wherein the piston (23) is provided with a threaded
hole and is driven by a threaded component (24) of
the drive mechanism, which threaded component
(24) is mounted onto an electrical motor (22).

5. An ingestible capsule (100) according to one of the
preceding claims, wherein a part of a surface (26) of
the piston (23) that contacts the flexible wall (21)
during release of the substance from the reservoir
(2) comprises a low friction material.

6. In vivo medicament delivery or diagnostic device
comprising a capsule (100) according to one of the
preceding claims and an external device arranged
to communicate with the electronic circuitry (40).

Patentansprüche

1. Einnehmbare Kapsel (100) zum Einführen in ein Kör-
perlumen,
wobei die Kapsel (100) eine Medikamentenabgabe-
vorrichtung ist und ein Gehäuse (1) umfasst, wel-
ches ein Reservoir (2) mit einer Öffnung (25) und
einen elektronischen Schaltkreis (40) aufweist, wel-
cher geeignet ist, den Antriebsmechanismus zu kon-
trollieren,
das Reservoir (2) ist zumindest teilweise mit einer
Substanz gefüllt und ist zumindest auf einer Seite
mit einer flexiblen Wand (21) versiegelt,
die flexible Wand (21) ist an dem Gehäuse (1) be-
festigt und teilt das Gehäuse (1) in einen ersten Teil
(11), umfassend das Reservoir (2), und einen zwei-
ten Teil (12),
dadurch gekennzeichnet, dass der zweite Teil (12)
den Antriebsmechanismus und den elektronischen
Schaltkreis (40) umfasst,
der Antriebsmechanismus geeignet ist, einen Kol-
ben (23) gegen die flexible Wand (21) zu drücken,
und dadurch die Substanz aus dem Reservoir (2)
durch die Öffnung (25) freizusetzen.

2. Einnehmbare Kapsel (100) nach Anspruch 1, wobei
der erste Teil (11) des Gehäuses (1) am zweiten Teil
(12) des Gehäuses (1) befestigt ist, wodurch die fle-
xible Wand (21) zwischen dem ersten Teil (11) des
Gehäuses (1) und dem zweiten Teil (12) des Gehäu-
ses (1) festgeklemmt und der Antriebsmechanismus
von dem Reservoir (2) getrennt wird.

3. Einnehmbare Kapsel (100) nach Anspruch 1 oder 2,
wobei der erste Teil (11) des Gehäuses (1) eine Vor-
wölbung (31) umfasst, und der zweite Teil (12) des
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Gehäuses eine Vertiefung (32) umfasst, in welche
die flexible Wand (21) zwischen dem ersten Teil (11)
des Gehäuses (1) und dem zweiten Teil (12) des
Gehäuses (1) durch Einfügung der Vorwölbung (31)
in die Vertiefung (32) festgeklemmt ist, wodurch der
erste Teil (11) des Gehäuses (1) an den zweiten Teil
(12) des Gehäuses (1) befestigt wird.

4. Einnehmbare Kapsel (100) nach einem der vorher-
gehenden Ansprüche, wobei der Kolben (23) mit ei-
nem Gewindeloch versehen ist, und durch ein Ge-
windeteil (24) des Antriebsmechanismus bewegt
wird, wobei das Gewindeteil (24) auf einem elektri-
schen Motor (22) angebracht ist.

5. Einnehmbare Kapsel (100) nach einem der vorher-
gehenden Ansprüche, wobei ein Teil der Oberfläche
(26) des Kolbens (23), der die flexible Wand (21)
während der Freisetzung der Substanz aus dem Re-
servoir (2) kontaktiert, ein Material niedriger Reibung
umfasst.

6. In vivo Medikamentenabgabe- oder Diagnosevor-
richtung umfassend eine Kapsel (100) nach einem
der vorhergehenden Ansprüche und eine externe
Vorrichtung, die ausgebildet ist, um mit dem elektro-
nischen Schaltkreis (40) zu kommunizieren.

Revendications

1. Capsule ingérable (100) destinée à être introduite
dans un lumen corporel,
la capsule (100) étant un dispositif de distribution de
médicament et comprenant un boîtier (1) ayant un
réservoir (2) avec une ouverture (25) et un circuit
électronique (40) étant adapté à commander un mé-
canisme d’entraînement,
le réservoir (2) étant au moins partiellement rempli
avec une substance et étant scellé sur au moins un
côté avec une paroi flexible (21),
la paroi flexible (21) étant attachée au boîtier (1) et
séparant le boîtier (1) en une première partie (11)
comprenant le réservoir (2) et une seconde partie
(12),
caractérisée en ce que la seconde partie (12) com-
prend le mécanisme d’entraînement et le circuit élec-
tronique (40),
le mécanisme d’entraînement étant adapté à pres-
ser un piston (23) contre la paroi flexible (21), en
relâchant ainsi la substance depuis le réservoir (2)
à travers l’ouverture (25).

2. Capsule ingérable (100) selon la revendication 1,
dans laquelle la première partie (11) du boîtier (1)
est fixée à la seconde partie (12) du boîtier (1), en
pinçant ainsi la paroi flexible (21) entre la première
partie (11) du boîtier (1) et la seconde partie (12) du

boîtier (1), et en séparant le mécanisme d’entraîne-
ment vis-à-vis du réservoir (2).

3. Capsule ingérable (100) selon la revendication 1 ou
2, dans laquelle la première partie (11) du boîtier (1)
comprend une projection (31) et la seconde partie
(12) du boîtier comprend un évidement (32), dans
laquelle la paroi flexible (21) est pincée entre la pre-
mière partie (11) du boîtier (1) et la seconde partie
(12) du boîtier (1) en insérant la projection (31) dans
l’évidement (32), et en attachant ainsi la première
partie (11) du boîtier (1) à la seconde partie (12) du
boîtier (1).

4. Capsule ingérable (100) selon l’une des revendica-
tions précédentes, dans laquelle le piston (23) est
doté d’un trou taraudé et est entraîné par un com-
posant fileté (24) du mécanisme d’entraînement, le-
dit composant fileté (24) étant monté sur un moteur
électrique (22).

5. Capsule ingérable (100) selon l’une des revendica-
tions précédentes, dans laquelle une partie d’une
surface (26) du piston (23) qui est en contact avec
la paroi flexible (21) pendant le relâchement de la
substance hors du réservoir (2) comprend un maté-
riau à faible friction.

6. Dispositif de distribution de médicament in vivo ou
de diagnostic comprenant une capsule (100) selon
l’une des revendications précédentes, et un dispo-
sitif externe agencé pour communiquer avec le cir-
cuit électronique (40).

9 10 



EP 2 086 611 B1

7



EP 2 086 611 B1

8



EP 2 086 611 B1

9



EP 2 086 611 B1

10

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 20040253304 A1 [0003]
• US 20030136189 A1 [0005]
• US 20060259015 A1 [0006]
• US 20040133166 A1 [0007]

• WO 03018089 A1 [0008]
• WO 2008012700 A1 [0009]
• WO 2006077528 A2 [0009]
• US 5279607 A [0010]


	bibliography
	description
	claims
	drawings
	cited references

