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(57) ABSTRACT

The invention relates to a method for draining a medical
device (1) adapted to be implanted in a human or animal
body, said medical device comprising a housing (11) that
encloses a fluid reservoir (13), and a fluid outlet (12) that
forms a fluid connection between the reservoir and a volume
outside the housing, the method involving: —providing the
device in packaging comprising a tank (2), the housing being
held in the tank in a position in which the reservoir is located
between the bottom of the tank and the fluid outlet; —filling
the tank (2) with a biocompatible fluid such that a zone of
the packaging which lies outside the medical device and is
in fluid connection with the fluid outlet of the tank is
immersed in the fluid; —draining the medical device and
filling the reservoir (13) with the biocompatible fluid.
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METHOD FOR DRAINING A MEDICAL
DEVICE ADAPTED TO BE IMPLANTED

TECHNICAL FIELD

[0001] The invention relates to a packaging for a medical
device adapted to be implanted in a human or animal body
comprising a fluid reservoir.

STATE OF THE ART

[0002] Various implantable medical devices include a bio-
compatible fluid reservoir coupled to a fluid circuit. Such a
fluid circuit may, for example, enable actuation of an ele-
ment of the device.

[0003] For example, a device for selectively closing an
anatomical duct, such as the urethra or bladder neck, may
include an occlusive cuff surrounding said anatomical duct
and fluidly coupled to a fluid reservoir. A pump is used to
transfer fluid from the reservoir to the cuff so as to increase
the compression exerted by the cuff on the duct, or from the
cuff to the reservoir so as to reduce the compression exerted
by the cuff on the duct.

[0004] Other applications involving a fluid reservoir in a
medical device implanted in a patient’s body relate to the
inflation of a closing balloon, or the filling of a prosthesis.
[0005] In general, the medical device adapted to be
implanted is provided to the surgeon empty of any biocom-
patible fluid, in a packaging with sterile contents. The
surgeon therefore has to expel the air and fill the reservoir
with biocompatible fluid before implantation in the patient.
[0006] This filling operation has to be implemented so as
to drain the fluid circuit of the air initially contained. Indeed,
any air bubbles are likely to affect the operation of the
implantable device and in particular its accuracy.

[0007] Another constraint of the filling operation is to
maintain sterility of the device.

[0008] Manual filling of the device by the surgeon extends
the duration of the surgical procedure and induces a risk of
contamination of the device, likely to induce infections or
complications in the patient.

[0009] Pre-filled medical devices exist, but they have
many disadvantages, such as for example during the steril-
ization step, where it has to be ensured that the fluid is also
sterilized through the device.

BRIEF DESCRIPTION OF THE INVENTION

[0010] A purpose of the invention is therefore to define a
method for draining a medical device adapted to be
implanted comprising a fluid reservoir which does not
require handling of the device.

[0011] To this end, a first object of the invention relates to
a method for draining a medical device adapted to be
implanted in a human or animal body, said medical device
comprising a casing enclosing a fluid reservoir and a fluid
outlet forming a fluid connection between the reservoir and
a volume external to the casing, comprising:

[0012] providing the device in a packaging comprising
a tank, the casing being held in the tank in a position in
which the reservoir is positioned between the bottom of
the tank and the fluid outlet,

[0013] filling the tank with a biocompatible fluid, so
that a zone of the packaging external to the medical
device which is in fluid connection with the fluid outlet
of the tank is immersed in the fluid,
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[0014] draining the medical device by filling the reser-
voir with the biocompatible fluid and discharging the
air present in the reservoir to the fluid outlet.

[0015] Preferably, the biocompatible fluid may be a liquid.
[0016] The method may include a step of checking hori-
zontality of the bottom of the tank.

[0017] According to one embodiment, said checking is
based on a horizontality indicator of the fluid level in the
tank.

[0018] According to another embodiment, possibly com-
bined with the previous one, said horizontality checking is
performed by means of an accelerometer of the medical
device.

[0019] Alternatively or additionally to the two preceding
embodiments, the tank is immersed in a container filled with
a fluid to obtain horizontality of the bottom of the tank.
[0020] Insome embodiments, draining the medical device
is performed by moving a movable wall of the tank to vary
a volume of the tank.

[0021] Said movement of the movable wall of the reser-
voir may be performed by an electromechanical actuator
arranged in the casing.

[0022] In some embodiments, the casing includes a single
fluid outlet and a single fluid connection between the res-
ervoir and said fluid outlet.

[0023] In some embodiments, the medical device is
adapted to control an occlusion of a natural duct of the
human or animal body.

[0024] In some embodiments, the medical device is
selected from the group consisting of an artificial sphincter,
an artificial muscle, an electrical stimulator, a gastric band,
a neurostimulator and a penile implant.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Further characteristics and advantages of the
invention will be apparent from the following detailed
description, with reference to the appended drawings, in
which:

[0026] FIG. 1 is an exploded view of a packaging accord-
ing to one embodiment;

[0027] FIG. 2 is a perspective view of the tank;

[0028] FIG. 3 is a cross-section view of the assembled
packaging of FIG. 1;

[0029] FIG. 4 is a perspective view of the medical device
in its packaging;

[0030] FIG. 5 is a block diagram of a draining method
according to one embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0031] The medical device includes a casing made of a
biocompatible material, such as titanium.

[0032] The casing contains a reservoir of biocompatible
fluid and is provided with a fluid outlet that forms a fluid
connection between the reservoir and the environment exter-
nal to the medical device. Said fluid outlet may especially be
connected to a tubing providing a fluid connection with an
element external to the casing.

[0033] According to one embodiment, the reservoir com-
prises a movable wall, driven by an actuator, the movement
of which makes it possible to vary the volume of the
reservoir in a controlled manner. This volume variation
allows fluid to be moved from the reservoir to the fluid outlet
or from the fluid outlet to the reservoir.
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[0034] Particularly advantageously, the actuator is an elec-
tromechanical actuator, which is controlled by a control unit
to move the movable wall by a determined distance. The
control unit can be arranged in the casing. The medical
device is thus autonomous, in that it does not require action
by the practitioner to perform its function.

[0035] Furthermore, the device advantageously comprises
a single fluid outlet and a single fluid circuit between the
reservoir and the fluid outlet.

[0036] In some applications, the medical device is an
artificial sphincter, for selectively closing an anatomical duct
by exerting a compressive force on said duct. In particular,
the medical device may be an artificial urinary sphincter.

[0037] In such a device, the compression is exerted on the
anatomical duct by means of an occlusive cuff connected to
the fluid outlet of the casing by a tubing. The electrome-
chanical actuator, by moving the movable wall, allows fluid
to be transferred from the reservoir to the cuff or from the
cuff to the reservoir, in order to adjust the compression
exerted by the cuff.

[0038] Examples of such a medical device are described in
WO 2016/083428.

[0039] Such a device differs from artificial sphincters
comprising a pump manually operable by the patient, a
pressure regulating balloon, and a cuff, in that the device has
controllable autonomous operation, without repetitive
manual action by the patient.

[0040] In other applications, the medical device may be an
artificial muscle, an electrical stimulator, a gastric band, a
neurostimulator or a penile implant (non-limiting list).

[0041] Between the manufacturing site of the medical
device and the operating room in which the medical device
is implanted in a patient, the medical device is arranged in
a packaging. Said packaging is adapted to maintain medical
device sterile by protecting it from external contamination
and to protect it from impact. In the packaging, the medical
device is empty of biocompatible fluid, filling of the fluid
circuit being performed only in the operating room.

[0042] As described later, said packaging is further
adapted to allow the fluid circuit to be drained without
handling of the medical device by a practitioner in the
operating room.

[0043] The packaging first comprises a tank in which the
medical device is held in a so-called vertical position, that is

in which the reservoir is positioned between the bottom of
the tank and the fluid outlet.

[0044] The tank comprises a horizontal bottom, a sidewall,
an upper face opposite the bottom in the vertical direction.

[0045] The tank includes at least one opening configured
to allow filling of the tank with a biocompatible fluid.

[0046] The fluid outlet of the medical device is located
below said opening, so that when the tank is filled, the entire

medical device, including the fluid outlet, is immersed in the
fluid.

[0047] To ensure that the filling of the tank with biocom-
patible fluid is sufficient to implement the draining method,
the tank can advantageously include a visual liquid level
indicator disposed in the top part of the tank. Advanta-
geously, the volume of the tank and the position of the
indicator have been chosen and dimensioned to allow filling
of the device tank.
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[0048] Alternatively, the tank can include a cavity in the
upper part for receiving an overflow of biocompatible fluid
so as to regulate the running over of this fluid and avoid
overfilling.

[0049] The medical device is held in the vertical position
by a first holding element arranged on the bottom, the
sidewall and/or the upper face of the tank.

[0050] According to one embodiment, said first holding
element is in the form of a housing whose dimensions are
adapted to receive a part of the casing by exerting a slight
clamping action to hold it in the desired position, without
damaging it.

[0051] Advantageously, said housing is arranged in the
bottom of the tank.

[0052] According to a preferred exemplary embodiment,
the tank is made, for example, by molding or forming a
plastic material, and the housing is integrated into the
bottom of the tank by molding or forming. The housing may,
for example, be in the form of two parallel partitions spaced
apart by the width of the casing.

[0053] In some embodiments, the medical device may be
packaged with a tubing in fluid connection with the fluid
outlet. In this case, the tank advantageously comprises a
second holding element arranged on the bottom and/or
sidewall of the tank to hold a portion of said tubing below
the fluid outlet.

[0054] Advantageously, said second holding element is in
the form of a housing arranged in the bottom of the tank,
parallel to the casing housing. This housing may, for
example, be in the form of two parallel partitions spaced
apart by the diameter of the tubing.

[0055] According to one adapted embodiment, repre-
sented in the figures, the tank has a parallelepiped shape
comprising a four-sided sidewall and a bottom, the face
opposite the bottom being open. However, this particular
shape is by no means limiting.

[0056] Thus, according to other exemplary embodiments
not illustrated, the tank may have any other shape, such as
a cylindrical shape, for example, with a cylindrical sidewall
and a circular bottom.

[0057] Particularly advantageously, the bottom of the tank
has substantially identical dimensions in two orthogonal
directions in a horizontal plane, in order to ensure the
stability of the tank, and especially to avoid any tipping of
the tank when the medical device is drained.

[0058] According to some embodiments not illustrated,
the opening of the tank may not be located on the upper face
of the tank but on the sidewall of the tank, preferably in an
upper portion of said wall so as to be above the fluid outlet
of the medical device.

[0059] In any case, the tank is dimensioned and the
opening is arranged so that, when the bottom of the tank
extends in a horizontal plane, the tank can be filled with
biocompatible fluid at least to the level of the fluid outlet of
the medical device, preferably above said outlet. Thus, upon
draining, the entire fluid circuit extending between the tank
and the fluid outlet can be filled with biocompatible fluid and
drained of the air initially present.

[0060] Advantageously, the packaging further comprises a
cover removable from the tank so as to at least partially close
the opening. The cover is preferably snap fitted onto the
sidewall, and retained thereon by friction or snap fitting, for
example.
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[0061] According to a preferred embodiment, the cover is
configured to be secured to only a part of the sidewall, the
cover having at least one gripping zone remote from the
sidewall. For example, the cover may have an outline with
a part coinciding with the shape of the opening defined by
the sidewall and a part recessed from the sidewall, to form
a passage for the practitioner’s fingers to facilitate gripping
the cover.

[0062] Particularly advantageously, the cover has another
holding element adapted to hold the medical device in the
vertical position. This holding element may be in the form
of'a housing arranged facing the housing formed in the tank.
Thus, the medical device is held in the vertical position in
two places, which improves its stability especially during its
transport.

[0063] Like the tank, the cover can be made by molding or
forming a plastic material, and the housing is integrated
inside the cover by molding or forming. The housing may,
for example, be in the form of two parallel partitions spaced
apart by the width of the casing.

[0064] In some embodiments, the packaging includes a
tub for containing the tank. The tub provides additional
protection for the medical device against impact. Advanta-
geously, the tub also forms a sterile enclosure for the tank,
thereby improving protection of the medical device from
external contaminants. Preferably, during the implantation
procedure, the tub can be handled and opened outside the
sterile field of the operating room so that the tank can be
extracted from the tub and passed into the sterile field. The
tank is then opened and handled by the practitioner in the
sterile field. Furthermore, as explained below, the tub can be
used in the draining method by being filled with biocom-
patible fluid.

[0065] The medical device packing method can be imple-
mented as follows, with the packaging illustrated in FIG. 1.

[0066] The assembled medical device 1 is placed in the
tank 2. To this end, the medical device is engaged in the
holding element(s) provided in the tank to hold said device
with the fluid outlet above the reservoir. When the fluid
outlet is connected to a tubing, said tubing is preferably also
engaged in the holding element(s) provided in the tank to
hold said tubing at the bottom of the tank.

[0067] With reference to FIG. 2, the tank 2 comprises a
bottom 20 and a sidewall 21 extending substantially verti-
cally from the bottom 20. On the side opposite the bottom
20, the sidewall 21 has an edge 22 that extends outwardly in
a horizontal plane. Said edge 22 defines an upper face of the
tank provided with an opening 24.

[0068] The medical device 1 includes a casing 11 in which
a biocompatible fluid reservoir 13 is arranged (depicted in
dotted lines in FIG. 3). The medical device 1 further
comprises a fluid outlet 12 which is connected to the casing
11 and in fluid connection with the reservoir 13. The fluid
outlet 12 provides a fluid connection between the reservoir
and the outside of the casing. The fluid outlet 12 is connected
to a tubing 10, which is to be connected, during implanta-
tion, to the occlusive cuff.

[0069] The height of the sidewall 21 is greater than the
height of the medical device in its vertical packing position.
Thus, when the medical device 1 is arranged in the tank 2,
as illustrated in FIG. 3, the medical device is fully contained
within the tank 2. The fluid outlet 12 is arranged below the
opening 24, so that it can be covered with fluid when the
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tank is filled. The reservoir 13 is arranged below the fluid
outlet 12 when the medial device is disposed in the tank.
[0070] The bottom 20 has a substantially square shape to
ensure stability of the tank.

[0071] The bottom 20 of the tank 2 includes a housing 201
adapted to hold the medical device in a vertical position. The
housing 201 is defined as a cavity formed in the bottom 20,
parallel to one of the sides, and extends substantially
between the middle of one side and the middle of the
opposite side of the bottom 20. The location of the housing
is in a central region of the bottom to ensure stability of the
tank-medical device assembly when the medical device is
arranged in the housing and the tank is filled with biocom-
patible fluid. The width of said housing is substantially equal
to the width of the medical device, to allow the medical
device to be inserted and held in said housing. The depth of
the housing is chosen so as to avoid any topple of the casing
11; a depth of 5 to 15 mm is adapted to this function.
[0072] Particularly advantageously, the housing 201 is
provided with two pairs of rounded protrusions (not illus-
trated), wherein the protrusions of each pair are arranged
facing each other in the width direction of the housing 201.
Each pair of protrusions locally restricts the width of the
housing 201 and thereby exerts a slight clamping action on
the medical device to hold it in position.

[0073] The bottom 20 of the tank further includes a
housing 203 for the tubing 10 of the medical device. The
width of said housing is substantially equal to the diameter
of the tubing. Said housing is in the form of two parallel
studs 204 raised with respect to the bottom 20. Advanta-
geously, as for the housing 201, the studs have a pair of
rounded protrusions (not illustrated) facing each other in the
width direction of the housing 203. Said pair of protrusions
locally restricts the width of the housing 203 and thus exerts
a slight clamping action on the tubing. Advantageously, the
housing 203 is parallel to the housing 201.

[0074] Alternatively, the housing 201 could be defined by
one or more pairs of studs facing each other, raised with
respect to the bottom of the tank. As for the housing 203, it
could be defined as a cavity in the bottom of the tank. Any
other shape adapted to hold the medical device in a vertical
position could be used.

[0075] The cover 3 is placed on the tank 2. The medical
device is then engaged in the holding element(s) provided in
the cover to hold said device with the fluid outlet above the
tank.

[0076] For example, the cover may include, facing the
housing 201, a housing 30 formed in the cover. The housing
30 may be defined by two raised studs with respect to the
inner surface of the cover, or as a hollow formed in the inner
surface of the cover. The width of the housing 30 is
substantially equal to the width of the upper part of the
medical device 1 in the vertical position.

[0077] Advantageously, the cover 3 is substantially cross-
shaped. As a result, the cover only closes a part of the upper
opening of the tank 2, and leaves openings at the corners of
the tank adapted for gripping the cover at gripping zones 31
by a practitioner.

[0078] The respective shapes and dimensions of the side-
wall 21 and the edge of the cover 3 are chosen to allow the
cover to be snap fitted into the tank. In particular, the
sidewall 21 may comprise, in its upper part, a rim 25 adapted
to retain a respective edge of the cover 3.
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[0079] A first sheet 4 permeable to a sterilizing gas, for
example an inner seal made of Tyvek™, is then sealed to the
upper edge 22 of the tank.

[0080] The tank 2 is then placed in the tub 5.

[0081] The tub 5 has a similar shape to the tank 2 but
larger dimensions. Preferably, the tub 5 is of sufficient size
to fully receive the tank 2 while minimizing the free space
between the tank 2 and the tub 5, in order to minimize the
overall size of the packaging.

[0082] The tub 5 has a substantially planar bottom 50 and
a sidewall that extends substantially vertically from the
bottom 50. On the side opposite the bottom 50, the sidewall
51 has an edge 52 that extends outwardly in a horizontal
plane. Said edge 52 defines an upper face of the tub provided
with a central opening.

[0083] Advantageously, the tub 5 has an inner rim 53
providing a support for the edge 22 of the tank 2.

[0084] Like the bottom 20 of the tank, the bottom 50 of the
tub 5 is substantially square to ensure good stability of the
tub.

[0085] A second sheet 6 permeable to a sterilizing gas,
such as an inner seal made of Tyvek™, is then sealed to the
upper edge 52 of the tub 5.

[0086] The thus sealed packaging is sterilized by any
adapted means, and then packaged in a box (not illustrated)
which constitutes the outer envelope in which the medical
device is delivered to a practitioner for implantation in a
patient.

[0087] For this implantation, the practitioner takes the
packaging out of the box, removes the second sealing sheet,
takes the tank out and then removes the first sealing sheet.
[0088] Generally speaking, the method for draining the
medical device includes the following steps, the sequence of
which is illustrated in FIG. S:

[0089] in a step 100, the practitioner has the device
arranged in the tank, with the casing held in the tank in
the vertical position in which it was packaged, as
illustrated in FIG. 4; the reservoir is thus positioned
between the bottom of the tank and the fluid outlet,

[0090] in a step 200, the practitioner fills the tank with
a biocompatible fluid, so that a zone of the packaging
external to the medical device that is in fluid connection
with the fluid outlet of the tank is immersed in the fluid,

[0091] in a step 300, the draining of the medical device
is performed, allowing the filling of the tank with the
biocompatible fluid and the extraction of any air ini-
tially present in the fluid circuit.

[0092] These various steps are described in more detail
below.
[0093] According to one embodiment, the practitioner

takes the tank out of the tub in order to fill it with biocom-
patible fluid.

[0094] To perform this filling and draining, the practitio-
ner has to ensure that the bottom of the tank is horizontal.
[0095] Horizontality of the bottom of the tank can be
ensured by placing the bottom of the tank on a planar,
horizontal surface, such as a table.

[0096] This horizontality can be confirmed by means of a
suitable indicator. For example, such a horizontality indica-
tor may be an indicator of the horizontality of a water level
in the tank. Such an indicator may, for example, be in the
form of one or more segments formed in the tank, for
example directly by molding or even by printing, and placed
in the upper part of the tank, parallel to the bottom. Such an
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indicator can also serve as a filling indicator for the practi-
tioner, indicating to him or her how high in the tank the
biocompatible fluid should be poured in order to allow for
effective draining. FIG. 2 illustrates an embodiment of such
a horizontality indicator in the form of a hollow or raised
interior line 23 extending in a horizontal plane inside the
sidewall 21. Preferably, said interior line 23 extends on
several sides of the sidewall 21, either continuously or
discontinuously.

[0097] An indication of the horizontality of the bottom of
the tank may also be provided by the medical device itself.
Indeed, the device generally includes an accelerometer
arranged in the casing, which can be used, when the medical
device is implanted, to determine a posture or activity of the
patient. Since the casing is integral with the bottom of the
tank with a determined orientation relative to it (usually
perpendicular), the accelerometer can provide an indication
of the inclination of the bottom of the tank.

[0098] Alternatively or additionally, this horizontality can
be ensured by placing the tank in a container filled with a
fluid. In this case, the tank is dimensioned so that when it
contains the medical device in the position intended for
draining, it floats in the container while holding the fluid
outlet of the medical device above the tank.

[0099] The tub in which the tank is arranged in the
packaging may be used as a container to this end.

[0100] The practitioner then fills the tank with biocom-
patible fluid that is intended for the operation of the medical
device. Said fluid may be, for example, saline.

[0101] The practitioner then activates the actuator of the
medical device to expel air present in the fluid circuit
extending between the reservoir and the fluid outlet and into
the tubing, if any, and to fill said fluid circuit and tubing with
the biocompatible fluid. The actuator can be activated sev-
eral times, for example three times, causing a movable wall
of the reservoir to move to vary a volume of the reservoir
and thus exert a pumping action, until the fluid circuit is
completely drained (no air bubbles escaping from the fluid
outlet).

[0102] This activation of the actuator does not require
handling of the medical device itself. Indeed, the medical
device includes wireless communication means with an
outer remote control, which makes it possible to parameter-
ize the device and to send it activation or deactivation
orders.

[0103] Once the draining is completed, the practitioner
can close the fluid outlet or the end of the tubing if any, and
take the medical device out of the tank for the implantation
operation.

[0104] Thus, prior to implantation, the practitioner has not
touched the medical device, thus avoiding or at least mini-
mizing the risk of contamination of the device.

[0105] In addition, the practitioner’s intervention is not
required during the draining process. Indeed, once the
draining has been initiated, the device’s actuator draws in
biocompatible fluid and expels air. This allows the practi-
tioner to focus on other tasks, such as implantation prepa-
ration. Surgical time can thus be significantly reduced.
[0106] Finally, the fact that the draining process is auto-
matic increases the reliability of the method.

[0107] It is understood that the embodiments described
above are particular and non-limiting examples and that
various modifications can be made without departing from
the invention
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1. A method for draining a medical device adapted to be
implanted in a human or animal body, the medical device
comprising a casing enclosing a fluid reservoir and a fluid
outlet forming a fluid connection between the reservoir and
a volume external to the casing, comprising:

providing the device in a packaging comprising a tank, the

casing being held in the tank in a position in which the
reservoir is positioned between the bottom of the tank
and the fluid outlet,

filling the tank with a biocompatible fluid, so that a zone
of the packaging external to the medical device which
is in fluid connection with the fluid outlet of the
reservoir is immersed in the fluid,

draining the medical device by filling the reservoir with
the biocompatible fluid and discharging the air present
in the reservoir to the fluid outlet.

2. The method according to claim 1, comprising a step of
checking horizontality of the bottom of the tank.

3. The method according to claim 2, wherein said check-
ing is based on a horizontality indicator of the fluid level in
the tank.
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4. The method according to claim 2, wherein said check-
ing of horizontality is performed by means of an acceler-
ometer of the medical device.

5. The method according to claim 2, wherein the tank is
immersed in a container filled with a fluid to obtain hori-
zontality of the bottom of the tank.

6. The method according to claim 1, wherein the step of
draining the medical device is performed by moving a
movable wall of the tank to vary a volume of the reservoir.

7. The method according to claim 6, wherein said move-
ment of the movable wall of the reservoir is performed by an
electromechanical actuator arranged in the casing.

8. The method according to claim 1, wherein the casing
comprises a single fluid outlet and a single fluid connection
between the reservoir and said fluid outlet.

9. The method according to claim 1, wherein the medical
device is adapted to control an occlusion of a natural duct of
the human or animal body.

10. The method according to claim 1, wherein the medical
device is selected from the group consisting of an artificial
sphincter, an artificial muscle, an electrical stimulator, a
gastric band, a neurostimulator, and a penile implant.
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