Intra-uterine system The invention relates to an intra-uterine
systemfor inserting an active substance in a uterus, wherein the system
conpri seswbwoitfdsexesbl e arns that extend in generally oppoSiNieOWiosSE™di ons
froma central part, and retaining nmeans for the ac- 5 tive substance,
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non-confroll ed vva From DE 101 45 269 A_an intra-uterine device is known
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addi ti Qe WhRgEhenaPPhEEabPEs&S: NAS the uterus and hence emission of
copper ions, is a process that is uncontrolled and can vary from
25 case to.case with respect to the amount and concentration in 7
which the copper ions are emitted. This gives an amount of un-
certainty with respect to the effectiveness of these known sys-
tems.
In addition to systems with a copper spiral, systems
30 that instead of a copper spiral comprise a tubular holder that
contains a hormone, e.g. a progestativum are also known (such as
described in EP 0 673 629 Al). Also here the emission of the ac-
tive substance takes place in a non-controlled way.
From DE 101 45 269 A an intra-uterine device is known
35 comprising a support element with pharmaca depots attached to it
that can be emptied in a defined way by control elements. The
pharmaca depots that protrude from the support element give an
increased risk for damage to the uterus. Inserting the intra-



been described in DE 198 15 552, a proper positioning of the flexible arns
abutting the fundus is not possible or at |east 10 not easily possible. The
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method of inserting and positioning ¢of an intra-uterine device
in the uterus is possible. Furthermore the active substance is
brought into the uterus in an active way by the control and the
pump system, so that the amount of active substance that is

30 brought into the uterus by the system according to the invention
can be controlled. In addition developments in e.g. micro- and
nanotechnologies enable the design of pump systems of very small
dimensions. By using a controlled pump system for issuing the
active substance, the amount of active substance issued can be

35 metered very accurately which enables the system to issue a con-
trolled amount of active substance.

In a simple and conveniently working embodiment of the
invention, the system comprises a switching means for switching
the system on and off. This enables the system to be switched on

40 e.g. directly before bringing the system into the uterus. The



I n an advant age enbodi nrent of the invention the control unit is arranged to
punp a predeterm ned anount of active sub- 15 stance into the uterus at
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I a preferred embodiment the invention comprises a con-
trol unit that is equipped with a transceiver, wherein the mi-
croprocessor is coupled to the transceiver and to the switching
30 means. This enables remote communication with a system according
to the invention after it has been entered into a uterus. This
makes it possible for instance to switch on a system that has
been entered into the uterus and also to switch it off again.
However, also the programming of the control unit of the system,
35 as has been described above, can be modified after the system
. has been entered into the uterus. This obviously requires an ex-
ternal communication unit. Such communication units are avail-
able in the market and do not have to be discussed here in more

detail. However, it has to be ensured that the system is ar-
40 ranged in such a way that the external communication is pro-



In a preferred enbodi ment the I ength of the housing 20 |ies between 21 tot
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all necessary parts and also a proper amount of the active sub-

25 stance. Advantageous embodiments comprise a pump system with a
volumetric membrane pump integrated on a MEMS chip (Micro Me-
chanical Electrical System) or a pump system based on electro
osmotic flows (EQ).

In a further preferfed embodiment of the invention the

30 storage container has a variable voipme. For instance this can
be obtained by the storage container being formed by a pouch
made from a thin foil that is accommodated in the housing. In
such a case, when there is active substance pumped out of the
storage container, the pouch will simply decrease in volume by

35 the ambient pressure and thus there will be no vacuum inside thé
storage container but always the ambient pressure will be main-
tained, and thus there are no additional measures necessary to
avoid vacuum in the storage container.-

A very stable position of the intra-uterine system ac-

40 cording to the invention appears to be obtained when the free



20 nents that are always present in the uterus. Wen the housing has
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contact with the uterus wall or with the fundus, this contact
will not or hardly result in damages. Further characteristics
and advantages of the invention will be explained in the de-

25 scription of an example of an embodiment of the invention, also
with reference to the drawing in which:

Figure 1 shows a schematic reproduction in cross sec-
tion of a first embodiment of a intra-uterine system according
to the invention;

30 Figure 2 shows a schematic reproduction in cross sec-
tion of a second embodiment of an intra-uterine system according
to the invention.

In each of the figures 1 and 2 an embodiment of the in-
tra-uterine system according to the invention is referenced as a

35 whole with number 1. From a central part 4 two flexible arms 2,
3 extend in-mutually opposite directions. An elongated housing 5
also extends from central part 4. Housing 5 is connected with
central part 4 by a pivoting attachment 14. Housing 5 comprises
a reservoir 6 that is filled with an active substance, a pump

40 system 8 with a control unit 9, which in this case are inte-



20 integrated in a so called MEMS (Mcro Electro Mechani cal Systens) chip.
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tem comprises a porous wall of a suitable material that sepa-
rates in this case storage container 6 and outlet opening 7. The
porous wall comprises capillary micro channels that connect

35 storage container 6 with outlet opening 7. By applying a suit-
able electrical field over the porous wall, fluid is moved
through the capillary channels and thus a pumping action is cre-
ated. This has the advantage over other types of micro pumps
that it does not have any moving parts, the operation is very

40 simple and is based on direct electrical control. The EOC pump 8
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this can be depending on the application for which the intra-
uterine system is being used. For instance for use of the intra-

25 wuterine system 1 according to the invention as a contraceptive
meéns, the amount of pumped-out substance can be constant each
time and the intervals are likely to be constant. For instance
when the active substance is a solution of CuCl,, each 24 hours
so much of this solution can be pumped into the uterus that by

30 this 80 pg/day of copper ions are being pumped into the uterus.
Through this a good and reliable contraceptive action of the
system 1 is being insured. When the intra-uterine system 1 ac-
cording to the invention is being used for applying medication
on a therapeutical basis, the amount and frequency can be

35 adapted to the prescriptions of the MD responsible. To this end,
prior to inserting the intra-uterine system 1 into the uterus,
the desired program with the désired parameters are loaded into
the microprocessor, so that medication can take place following
the prescriptions of the MD responsible. ‘

40 In both above-mentioned examples of embodiments of the
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control unit act that the I'cation is m ni st ered
di r ect IpviERéEionwhapd ittscénf*é%ta‘r%lcﬁ%maéd Uf@i’\?@@d@ﬁemééﬁaﬁbégeoﬂﬁat no
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refere%%%u %EQ%E% o 1L2t£gmgt§§ég§n%yiﬁﬁykﬁfl%éhtr%la&nlt 8, the di-
mensions of the housing 5 can be kept sufficiently small, so
20 that a safe intra-uterine system 1 can be obtained that is well
tolerated by the uterus. The length L of the shown embodiment of
the housing will be between 21 and 26 mm and will amount 21 mm
preferably, and the largest diameter D of this housing will be
between 5 and 6 mm. Because all parts have a smooth external
25 shape, the possibility of damaging the uterus will be minimal.
Further it is noted that the flexible arms 2, 3 have a
slightly arched form and end in, in the figure shown upwards
oriented spherical shaped ends 12, 13. When positioning the in-
tra uterine system 1 according to the invention the system will
30 be placed in such a way that the spherical shaped ends 12, 13
rest against the fundus and each of the arms will be situated in
one of the two utero-tubal corners. The nominal width B, being
the distance between both ends, amounts to 32 mm. The slight ar-
cuation of the both arms 2, 3 is chosen such that when both
35 spherical shaped ends 12, 13 rest against the fundus of the
uterus, both arms are essentially situated in a small distance
from the fundus, but follow the contour of the fundus. Because
of this a very stable position of the intra-uterine system 1 is
obtained, notably because the support takes place at both ends
40 of the arms, using the available symmetry in the uterus. Because



3Fl exi bl e arm 4Central part 5Housi ng 6Storage container 7Qutlet opening
8Punp system 9Control unit 10Energy storage neans WO

2011/ 0593206RaI/02610/ 050749 11l nl et of punp system 12SphEmIcado/osemd of 2
13Spherical end of 3 14Pivoting attachment 15F| exi bl e threads

the ends 12, 13 have been chosen as spherical shaped, the possi-
bility for damaging the fundus is very small, which is notably
important for the occurring contractions of the uterus.

The embodiments of the invention in fig. 1 and 2 fur-

5 ther show that to the housing 5, near the end that is away from
the central part 4 flexible threads 15 are connected. The
threads 15 serve to remove the intra-uterine system 1 from the
uterus after use.

With the intra-uterine system 1 according to the inven-
10 tion a system is obtained with which in a reliable way a con-
trolled dose of a active substance can be administered into the
uterus with the action of inserting having to take place only
once, and after ending the medication or after exhausting the
reservoir the one time action of removing again the system 1
15 from the uterus is necessary. Between these two moments the
medication takes place completely automatically and according
the schedule of the responsible doctor, which is being reflected
in process parameters that have been programmed into the memory
of the control unit 9. Also the fact that the medication is ad-
20 ministered directly there where its effect is required, gives
the advantage that no further system of the body of the patient
needs to be burdened with the active substance.
' Although two examples of embodiments of an intra-
uterine system 1 according to the invention have been mentioned,
25 it will be clear that many variations are possible that all are
covered by the scope of the invention as described in the at-

tached claims.

List of reference numbers
30
Intra-uterine system
Flexible arm
Flexible arm
Central part
Housing
Storage container
Outlet opening
Pump system
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Control unit
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Energy storage means



CLAI M5 1. Intra-uterine system (1) for inserting an active
substance in a uterus, wherein during use the system (1) is entered into

t he uter wQ 20h14052328 t he system conprises two fl exi bl e aPE8/NL2@10/03)749 hat
extend froma central part (4) in generally mu- 5 tually opposed

di rectinans, anlidetamigudp FEarem(6) for the active substance, wherein an

el ongated housi,n &g? extends,. fromthe central part at essentially equal
anglesﬁ§ﬁth t é“%?e 1bﬁ§daP 2(2, 3), wherein the housing (5) conprises a
st or agé3cont afpleri@)l &ad etfedti on means for the active substance, an out-
10 | et 1gpeni ngk yAin? R R2EsEEM (8), a control unit (9) for controlled
punpin% of the active substance fromthe storage container (6) through the
out | et 18peni M- AP lient{& *eRE€Sut erus and an energy storage neans (10) for
supplying energy to the punp system (8) and to the control unit (9),
characterized in that the 15 housing is forned by a cylinder wth a snooth
external surface that at both ends is joined to a closing surface
conprising a snooth external contour and a snmooth transition to the
external surface of the cilinder, the housing (7) conprising a dianeter of

| ess than or equal to 6 mrmand a |length of |less than or equal 20 to 26 mm
2. Intra-uterine system (1) according to claim (1), characterized in that
the system conprises a switching nmeans for switching the systemon and

swi tching the system of f. 3. Intra-uterine system (1)
according to claim1 or 2, 25 characterized in that the control unit (9)
conprises a mcro processor with a time clock and a nenory. 4,
Intra-uterine system (1) according to one of the clains 1 tot 3,
characterized in that the control unit (9) is arranged to punp a
predet erm ned anmount of active substance at 30 predetermined tinme intervals
fromthe storage container (6) into the uterus. 5. Intra-uterine
system (1) according to claim(4), characterized in that the anmount of
active substance is variable per time interval. 356. Intra-uterine system
(1) according to claim4 or 5, characterized in that the length of the tine
intervals are variable.

10



7. Intra-uterine system (1) according to one of the clains 3 to 6,
characterized in that the control unit (9) conprises a transceiver, wherein
the m cr opoaesasses23i s coupled to the transcei ver and toPCRANI2Wi0LSTI4NG
means. 58. Intra-uterine system (1) according to one of the clains 1 to 7,
characterized in that the active substance in the storage container (6) is

stored in liquid formor dissolved !B !Iquid. 9. Intra-uterine
system (1) according to one of the ime 1 to 8, characterized in that
the energy storage neans (10) conprises a dry cell battery 10.
ntra-uterine systam (o anodling b 90g ebr! st

characterized in that tﬁ% ou5|€3%( Qaz a Sﬁ ?%%fo 21 to 26 nm

1511. FHPPéaHF%r+’FIeaS‘§f%‘?]€+ﬁ (1 %ﬁ?é@rd%“ﬁ@neouéﬁe Be snetamalhs &S 19910,
char actetkedednts tlﬁl@tuﬁéhﬁlélOUde’@1(rﬁ)th|éaSyat@ﬂXt6Mﬁkﬂ$@§Eh&5 £z if1er MM

prefer 1 ra-u ne, system accordlng
to oneg%#“¥ ﬁ ?;i ﬁﬁ%XtéﬂP £ arachPngé Par% tfp ?ﬁﬁféfgﬁeﬂn (8)
comP ZQUBHSe@PBOS/@ﬂi mwtelqmwbraan% r@@@ptnnnegeaned(ﬁh EONVENB: (3Tro

Mechanikgal ELSstinédl VSIS -an elonfated ﬁ%ushﬂ&rQSVt§§t§Ea§Y§E6ﬂn(]Q
to one.of the clains

di d
yStentlf) CEBRBT} death P S A e Badeaohoel ot b o it p iRy 2514,
| ntra- sreei 02, sy5t ewhddgimcdor diowping dhe obmphésebaanstdrdge kn-
charactgrhzed gn éé‘%eﬁ&@t%&ﬁ@&%s‘:%&a%ﬂ@r agﬁlygaﬁug‘s?@ﬁé@bl &h VoQJéJ—”E-

15. Intra-uterine system according to one
chdPactefi eBENIRI t hAk - téhepurnmeéw (B2, @3FoBErgd t“ﬁbtf(%b(lliﬂfé %@rrm; (2, 3)

are of tgpheescphmphapectnthd mdiseealstipseahicagragal taeé sherdgdditsn- each in a
Utero_%ggggrc?épe{hrough the outlet opening (7) into the uterus and an
energy storage means (10) for supplying energy to the pump sys-
tem {(8) and to the control unit (9), characterized in that the
15 housing is formed by a cylinder with a smooth external surface
that at both ends is joined to a closing surface comprising a
smocth external contour and a smooth transition to the external
surface of the cilinder, the housing (7) comprising a diameter
of less than or equal to 6 mm and a length of less than or equal
20 to 26 mm.

2. Intra-uterine system (1) according to claim (1),
characterized in that the system comprises a switching means for
switching the system on and switching the system off.

3. Intra-uterine system (1) according to claim 1 or 2,

25 characterized in that the control unit (9) comprises a micro
processor with a time clock and a memory.

4. Intra-uterine system (1) according to one of the
claims 1 tot 3, characterized in that the control unit (9) is
arranged to pump a predetermined amount of active substance at

30 predetermined time intervals from the storage container (6) into
the uterus.

5. Intra-uterine system (1) according to claim (4},
characterized in that the amount of active substance is variable
per time interval. -

35 6. Intra-uterine system (1) according to claim 4 or 5,
characterized in that the length of the time intervals are vari-
able.

11



16. Intra-uterine system (1) according to claim 15, characterized in that
the flexible arns (2, 3) are arcuated in such a way that during use the
arnms renmawo 2es98p328al |y free from 35 the fundus. PCT/NLR2T10/050749
Intra-uterine system (1) according to one of the clains 1 to 16,

characterized in.thatribetdousd NgydtIm i @ )f [DERHNENg4@0 one of the
claims 3 to 6, characterized in that the control unit (9) com-
prises a transceiver, wherein the microprocessor is coupled to
the transceiver and to the switching means.

5 8. Intra-uterine system {1l) according to one of the
claims 1 to 7, characterized in that the active substance in the
storage container (6) is stored in liquid form or dissolved in
liquid.

9. Intra-uterine system (1) according to one of the

10 claims 1 to 8, characterized in that the energy storage means
{10) comprises a dry cell battery.

10. Intra-uterine system (1) according to one of the
claims 1 to 9, characterized in that the housing (5) has a
length (L) of 21 to 26 mm.

15 11. Intra-uterine system (1) according to one of the
claims 1 to 10, characterized in that the housing (5) has a
maximum diameter (D)} of 7 mm, preferably of 5 to 6 mm.

12. Intra-uterine system (1) according to one of the
claims 1 to 11, characterized in that the pump system (8) com-

20 prises a volumetric membrane pump integrated in a MEMS (Micro
Mechanical Electrical System).

13. Intra-uterine system (1) according to one of the
claims 1 to 11, characterized in that the pump system (8) com-
prises a pump system (8) based on electro osmosis (EO).

25 14. Intra-uterine syétem {1} according to one of the
claims 1 to 13, characterized in that the storage container (6)
has a variable volume.

15. Intra-uterine system (1) according to one of the
claims 1 to 14, characterized in that the free ends (12, 13) of

30 the flexible arms (2, 3) are of spherical shape and in use are
resting against the fundus, each in a utero-tubal corner.

16. Intra-uterine system (1)} according to claim 15,
characterized in that the flexible arms (2, 3) are arcuated in
such a way that during use the arms remain essentially free from

35 the fundus.

17. Intra-uterine system (1) according to one of the
claims 1 to 16, characterized in that the housing (5) is flexi-
ble.

40
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