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SUPPORTING A HEART

TECHNICAL FIELD

[0001] Theinvention pertains to a device to support cardiac
function. In particular, the device according to the invention
serves to support a pumping function of a heart.

BACKGROUND

[0002] Due to illness, the pumping function of a heart can
be reduced, which is also called cardiac insufficiency. Cardiac
insufficiency is from the medical as well as from the economi-
cal standpoint of great and increasing importance. In the
second decade of this century, 23 million people worldwide
will suffer from cardiac insufficiency; the annual rate of new
cases will be about 2 million people. In the US alone, 5
million people are currently suffering from cardiac insuffi-
ciency. Here, the annual rate of new cases is approximately
550,000 people. Already in this decade, the number of inci-
dences in people over 50 years of age will double to more than
10 million. The same applies to the European continent.

[0003] Causes for cardiac insufficiency can be impaired
contractility or reduced filling of the cardiac chambers due to
damage to the myocardium. Hypertension can lead to an
increased pumping resistance, which can also negatively
affect the pumping function of the heart. The pumping func-
tion of a heart can also be reduced by leaking valves (e.g., a
leaking aortic valve or mitral valve). Impairments of the car-
diac conduction system generate arthythmias, which can also
lead to a reduced pumping function of the heart. If the move-
ment of the heart is restricted from the outside, e.g., due to an
accumulation of fluid in the pericardium, this can result in a
reduced pumping function as well. Cardiac insufficiency
often leads to shortness of breath (especially in the case of left
ventricular insufficiency), or to water retention in the lungs or
in the abdomen (in particular in the case of right ventricular
insufficiency).

[0004] Different types of cardiac insufficiencies are treat-
able with medication or surgery. In some cases of arrhyth-
mias, normal cardiac rhythm can be restored with a pace-
maker. A leaking valve can be replaced surgically with a
cardiac valvular prosthesis. A reduced pumping function can
be assisted by an implanted heart pump. A treatment approach
addressing the various causes of heart insufficiency is to assist
the pumping function of the heart by means of an implant,
which exerts mechanical pressure onto the heart and therefore
improves its pumping performance.

[0005] Some known mechanical ventricular assist devices
have been disclosed in U.S. Pat. No. 5,749,839 B1 and U.S.
Pat. No. 6,626,821 Bl, and in WO application 00/25842.
These documents disclose mechanical ventricular assist
devices that require open-chest surgery. Many cardiac assist
systems are complex and can only be implanted by means of
an elaborate surgical procedure. All cardiac assist systems are
integrated into the blood circulation of the patients. Improved
centrifugal or magnetically supported impeller systems carry
blood continuously. The contact of the blood with the surface
of the implanted systems poses a great engineering and medi-
cal challenge. Common complications of cardiac assist sys-
tems are strokes, hemorrhage and septicemia. They often lead
to long-term hospitalization and frequent re-admissions of
patients already released from the hospital.
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SUMMARY

[0006] Various aspects of the invention feature the device
for the support of the cardiac function includes a sheath
configured to transition from a non-expanded state into an
expanded state, with the sheath being self-expanding and
being configured to be inserted into a delivery system, and
which in the expanded state can at least partially enclose a
heart. One potential advantage of the device is that it may be
implanted using minimally invasive procedures.

[0007] Insome implementations, the sheath can be made of
a wire mesh, which can have diamond-shaped cells. Prefer-
ably, the mesh is made of a shape memory alloy. The crossing
points of the wires of the wire mesh can be permanently
attached to each other, thus increasing the stability of the
sheath. The crossing points may also be separable, which
increases the flexibility of the sheath and thereby can make
the sheath easier to compress. Or some of the crossing points
may be permanently interconnected while other crossing
points are not permanently interconnected. By selecting suit-
able crossing points to be permanently interconnected, and
crossing points that are not permanently interconnected, the
stability and flexibility of the sheath can be adjusted.

[0008] According to one aspect of the invention, the sheath
can also consist of a lattice structure, with the lattice structure
consisting of links, and multiple links defining one cell. The
lattice structure exhibits a diamond-shaped lattice structure.
The links and the intersections of the links exhibit enforce-
ments in order to increase the stability of the sheath. The
effect of the enforcements is similar to the effect of the inter-
connected crossing points in embodiments of the sheath in the
form of a wire mesh. The links and the intersections can also
be made of a thinner or weaker material in order to increase
the flexibility of the sheath. The effect of a thinner or weaker
material at intersections is similar to the effect of the non-
interconnected intersections in embodiments of the sheath in
the form of a wire mesh.

[0009] The sheath can also be made of a solid material,
from which parts have been removed. For example, the sheath
can be made of a tube or an individually shaped sheath sleeve,
into which holes have been formed or cut. The holes can be
formed such that the sheath exhibits increased stability in
some areas, and increased flexibility in other areas.

[0010] Generally, areas of increased stability are desired in
situations, in which the sheath acts as an abutment. Areas of
greater flexibility can enable the natural motion of the heart.
Increased flexibility is also advantageous for compressing the
sheath into a delivery system.

[0011] The sheath generally exhibits openings being cre-
ated by the wires of the wire mesh, the links of the lattice
structure, or by the holes formed in the sheath sleeve. The
openings can be rectangular, diamond-shaped or round. The
cells or holes can have a pin opening of 1 mm to 50 mm. A pin
opening is defined as the largest diameter of a pin, which can
be pushed through a cell or a hole. Using the holes, the
stability and flexibility of the sheath can be adjusted individu-
ally. The holes also allow the exchange of substances from the
inside of the sheath with the outer environment of the sheath.
[0012] The sheath can be covered with a membrane; the
membrane may, in particular, be made of polyurethane, sili-
con or polytetrafluorethylene (PTFE). The membrane can
reduce the mechanical stress exerted by the sheath onto the
pericardium or the myocardium. The membrane can also
increase the biocompatibility of the sheath. A coating of the
membrane with an active substance is also conceivable.
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[0013] Another aspect of the present invention features a
method of manufacturing a cardiac assist device. The method
includes using a virtual or real image of a heart and forming
a sheath based on the shape of the heart image.

[0014] The method can be used to manufacture a custom-
made sheath. The shape of the sheath can match the form of
the 3D-image of the surface of the heart, spatially stretched by
a factor. In particular, the stretch factor can range from 1.01 to
1.2. A sheath applied to a true-to-scale real or virtual 3D
image of the heart should exhibit a distance to the 3D image
of 1to 10 mm, in particular 2 to 8 mm, in particular 3 to 5 mm.
[0015] Additional features and advantages of the invention
will be apparent from the description and drawings, and from
the claims.

DESCRIPTION OF DRAWINGS

[0016] FIG. 1 shows a human torso with an implanted
device and an extracorporeal supply unit.

[0017] FIG. 2 shows a human torso with an implanted
device and a partially implanted supply unit.

[0018] FIG. 3 shows a human heart with the device.
[0019] FIGS. 4a and 4b show a cross-section through the
heart with the device along line A-A in FIG. 3.

[0020] FIG. 5 shows a step of the implantation of the
device.
[0021] FIG. 6 shows a step of the implantation, in which a

pericardium seal has not yet been screwed shut.

[0022] FIG. 7 shows a step of the implantation, in which a
pericardium seal is screwed shut.

[0023] FIG. 8 shows a partially expanded sheath with a
sleeve.

[0024] FIGS.9a-c show different views of a closed pericar-
dium seal.

[0025] FIG.10shows atool for the closing of a pericardium
seal.

[0026] FIG. 11 shows a plug connector system of the
device.

[0027] FIG. 12a shows a heart with anatomical points of
reference.

[0028] FIG. 125 shows a cross-section of the heart from
FIG. 12a.

[0029] FIG. 13a shows a 3D view of part of a heart with a

system of coordinates.

[0030] FIG. 135 shows a 2D-rollout of the 3D view from
FIG. 13a with a system of coordinates.

[0031] FIG. 14a shows a 3D view of a sleeve with augmen-
tation and positioning units.

[0032] FIG. 145 shows a 2D rollout of a sleeve with aug-
mentation and positioning units from FIG. 14a.

[0033] FIGS. 15a-b show one compressed and one
expanded augmentation unit in the form of a chamber with a
bellows-type section.

[0034] FIG. 16a shows a 3D view of a sleeve with sensors
and/or electrodes.

[0035] FIG. 16 shows a 2D rollout of the sleeve with
sensors and/or electrodes from FIG. 16a.

[0036] FIG. 17 shows a sample embodiment for a sleeve
with augmentation and positioning units.

[0037] FIG. 18 shows a sample embodiment for a sleeve
with sensors and electrodes.
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DETAILED DESCRIPTION

[0038] FIG. 1 shows an embodiment (10) of a device in the
implanted state. In this example, the device is implanted into
a human body. The device, however, can also be implanted
into an animal body, in particular into the body of a mammal
like a dog, a cat, a rodent, a primate, an even-toed ungulates or
an odd-toed ungulate. Depending on the species, the form and
the mode of operation of the device is adjusted, in order to
accommodate anatomical and/or physiological needs of the
individual species.

[0039] FIG. 1 shows a human torso with the device. The
device includes a sheath (2), which can at least partially
enclose the heart (61). Multiple components inserted in the
sheath (2) support the cardiac function (61). The device also
includes a supply unit (30).

[0040] The sheath (2), which can at least partially enclose
the heart (61), is configured to transition from a non-ex-
panded state into an expanded state. Preferably, the sheath (2)
is self-expanding and can be inserted into a delivery system in
the non-expanded state. The sheath (2) can be a mesh, in
particular a wire mesh, whereby the wire mesh can be at least
partially made of a shape memory alloy.

[0041] The sheath (2) at least partially encloses the heart
(61) in the implanted state and is located inside the pericar-
dium (6). Embodiments in which the sheath (2) is placed
outside of the pericardium (6) are possible as well. These
embodiments are not described separately; rather, the
description for embodiments for implantation inside and out-
side the pericardium (6) (with the exception of the not-re-
quired pericardial seal (5) in embodiments of the sheath (2)
for implantation outside the pericardium (6)) is applicable.
The architecture of the sheath (2) is explained in greater detail
in a later section of the description.

[0042] Located inside the expandable sheath (2) is at least
one expandable unit, which can be used to apply pressure to
the heart (61). The expandable unit can be a mechanical unit,
configured to transition between an expanded and a non-
expanded state. Such a mechanical unit can include spring
elements, which can be tensioned and released, or lever ele-
ments, which can be folded and unfolded. Preferably, the
expandable units are chambers, which can be filled with a
fluid. Suitable fluids for the filling of a chamber include
liquids, gases, or solids (like nanoparticle mixtures, for
example), or mixtures of fluids and/or gases and/or solids.
The expandable unit can be secured inside the sheath (2).
Preferably, the expandable unit is attached to a sleeve, which
canbe inserted into the sheath (2). The atleast one expandable
unit is described in greater detail with reference to FIG. 8.
[0043] The sheath (2) can furthermore include at least one
sensor and/or one electrode, which can be used to detect at
least one parameter of the heart (61). The sensor can be
configured to determine the heart rate, the ventricular pres-
sure, the contact force between the heart wall and the expand-
able unit, the systolic blood pressure, the diastolic blood
pressure, the pressure applied to a surface of the heart, the
fluid presence, the acidity, the electrical resistance, the osmo-
larity, the oxygen saturation or the flow through a vessel. The
sensor can also be configured to measure the pressure applied
by an expandable unit onto a surface, the pH-value, the elec-
trical resistance, the osmolarity of a solution, the oxygen
saturation of tissue or blood or the flow through a vessel. The
sensor can be attached inside or on the sheath (2). Preferably,
the sensor is secured on a sleeve configured to be inserted into
the sheath (2). In addition to the at least one sensor or in place
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of the sensor, the sheath (2) can also include at least one
electrode configured to measure a parameter, like e.g. the
action potential at the myocardium during the excitation pro-
cess, or to stimulate a tissue with currents. The sensor can also
be an electrode. The sensor and the electrode are explained in
greater detail in a later section of the description.

[0044] FIG. 1 shows a supply unit (30), which can be worn
outside the body. The supply unit can also be partially or
completely implanted into the body, which will be explained
in the following sections in greater detail. If the supply unit
(30) is womn outside the body, it may be attached to a chest
belt, to ahip belt, or to an abdominal belt. The supply unit (30)
is equipped with an energy storage device allowing the
expandable unit to be powered. The energy storage device can
be available in the form of a rechargeable battery providing
electrical energy to expand the expandable unit. The
rechargeable battery is exchangeable. The supply unit (30)
can also include a pressure storage device supplying a com-
pressed gas, to inflate an inflatable chamber. Suitable gases
are, among others, compressed air, CO,, or inert gases. The
housing of the supply unit (30) itself can serve as a pressure
storage housing. The supply unit (30) can furthermore con-
tain pumps, valves, sensors and displays. The supply unit (30)
can furthermore include a microprocessor configured to
receive and process data from the at least one sensor. If the
supply unit (30) is worn outside the body, the required energy
can be transferred by direct connection via a cable (4) or
connectionless via electromagnetic induction, for example.
The data from the at least one sensor can also be transmitted
directly via a cable (4) or connectionless via wireless tech-
nology like bluetooth, for example.

[0045] The device according to the invention can further-
more include a cable (4) connecting the expandable unit
and/or the sensor or the electrode to the supply unit (30). If the
supply unit (30) is connected directly to the expandable unit
and/or to the sensor, or the electrode, a cable (4) is not
required. If the expandable unit is a mechanical unit which,
using electrical energy, is configured to transition from a
non-expanded state into an expanded state, or from an
expanded state into a non-expanded state, the cable (4)
includes lines configured to transfer the required energy from
the supply unit (30) to the expandable unit. The sleeve can
include internal chambers, configured to enable hydraulic
alteration of the volume of at least one of the internal cham-
bers of the sleeve. If the expandable unit is a chamber that can
be filled by means of a fluid, the cable (4) includes at least one
line allowing the flow of fluid from the supply unit (30) into
the chamber. In some implementations, the cable (4) includes
atleast one pneumatic or hydraulic line. If the device includes
one sensor or one electrode at, in or on the sheath, then the line
leading to the sensor or the electrode can also be in the cable
(4). Embodiments can also exhibit separate cables for provid-
ing energy for the expandable unit and for the sensor, or the
electrode.

[0046] The cable (4) connecting the supply unit (30) to the
expandable unit and/or the sensor, or the electrode, can be a
single continuous cable or a multi-part cable. In the case of a
continuous cable connection, the cable (4) can be attached to
the expandable unit and/or the sensor or one electrode. A
connector (90) can be attached to the end of the cable (4). The
connector (90) can be connected to the supply unit (30) via the
matching connector (91). Alternatively, a cable with a con-
nector is only attached to the supply unit (30). In this case, the
matching connector is installed on the sheath (2), on the
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expandable unit and/or on the sensor or electrode. In case of
a multi-part cable, a cable (4) with a connector (91) can be
attached to the expandable unit and/or at the sensor or the
electrode, and a cable can also be attached to the supply unit
(30), at the end of which can be a connector. The cable (4) and
the connector (90) are described in greater detail in a later
section of the description.

[0047] FIG. 2 shows an embodiment (11) of the device in
the implanted state, where the supply unit (31) is implanted
into the body. Preferred locations for the implantation of the
supply unit (31) are the chest (thoracic) cavity and the
abdominal (peritoneal) cavity, which are separated from each
other by the diaphragm (63).

[0048] Thesheath (2) shown in F1G. 2, the pericardium seal
(5), and the cable (4) of the device are essentially identical to
the components shown in FIG. 1. The supply unit (31) can
include an energy storage device, which can be used to power
the expandable unit located inside the sheath (2). The energy
storage device can be provided in the form of a rechargeable
battery, which supplies electrical energy in order to expand
the expandable unit. The supply unit (31) can furthermore
contain sensors and one or more microprocessors. If the
expandable unit includes at least one chamber, which can be
filled with a fluid, then the supply unit (31) can include
pumps, valves, and a pressure reservoir. The pressure reser-
voir can provide a compressed gas in order to inflate an
inflatable chamber. Suitable gases are, among others, com-
pressed air, CO2, or inert gases. The housing of the supply
unit (31) itself can represent the housing of the pressure
reservoir. A preferred place for the implantation of the supply
unit (31) is inside the right lateral chest cavity above the liver
(62) and above the diaphragm (63). Alternatively, or in addi-
tion to the pressure reservoir (32) in the supply unit (31), the
pressure reservoir (32) can be preferably implanted inside the
right lateral abdominal cavity below the diaphragm (63) and
above the liver (62).

[0049] The pressure reservoir (32) can be connected to the
supply unit (31) with a tube (33), which penetrates the dia-
phragm (63). The opening in the diaphragm required for the
tube (33) to pass through can be sealed with a seal. The seal
can be designed similar to the pericardium seal, as previously
described. The supply unit can be connected via a cable (4)
directly with the expandable unit and/or the sensor, or the
electrode. Alternatively, at the end of the cable (4) can also be
a connector configured to connect via a matching connector
to the supply unit (31) or to the expandable unit and/or to the
sensor or the electrode.

[0050] The cable (4) runs preferably in the chest cavity
above the diaphragm (63). In the case of a multi-part cable, a
cable with a connector can be attached to the expandable unit
and/or the sensor or one electrode, and a cable with a match-
ing connector can be attached to the supply unit (31).

[0051] Alternatively orinaddition to a rechargeable battery
in the supply unit (31), a rechargeable battery (34) can be
implanted subcutaneously, into the abdominal wall. The
energy required in the supply unit (31) can be transferred, for
example, by electromagnetic induction from an extracorpo-
real controller (35) transcutaneously to the rechargeable bat-
tery (34) and be transmitted by an electric cable (36) from the
rechargeable battery (34) to the supply unit (31). The extra-
corporeal controller (35) can include an exchangeable
rechargeable battery and/or a charging device. The extracor-
poreal controller (34) can contain, among others, micropro-
cessors and displays, which can be used for system monitor-
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ing ofthe device and for a display of the operating status. The
data from the sensor can be transmitted connectionless via a
wireless technology like bluetooth, for example, to and
between the supply unit (31) and the controller (34).

[0052] FIG. 3 shows an example of a human heart (61), as
well as a sheath (2), a sleeve (7) with expandable units (71,
72), a sleeve (80) with sensors (81) and/or electrodes a cable
(4) with a connector (90), a catheter (103) of a delivery
system, and a pericardium seal (5) of the device according to
the invention.

[0053] In this embodiment, the sheath (2) is shown in the
form of a wire mesh. Instead ofa wire mesh, the sheath (2) can
alternatively be formed as a lattice consisting of links. In this
case, the links create a lattice structure with openings. The
sheath (2) can also consist of a continuous material, from
which parts have been removed; for example, the sheath (2)
can consistofa tube and an individually shaped sheath sleeve,
into which holes have been formed or cut.

[0054] The sheath (2) represented in FIG. 3 consists of a
mesh made of wires. The wires form crossing points (inter-
sections), which can be permanently interconnected. The
wires could, for example, be welded together at their crossing
points. Connecting the wires at crossing points increases the
stability of the sheath (2). The crossing points can be free
from each other, increasing the flexibility of the sheath (2) and
therefore leading to an easier compressibility of the sheath
(2). In some embodiments, the sheath includes wires that do
not cross each other, forming longitudinally oriented struts.
Increased sheath flexibility is especially helpful if the sheath
(2) is to be inserted into a delivery system with a smaller
diameter catheter (103). Some of the crossing points of the
sheath (2) can also be permanently interconnected and others
not. Through appropriate selection of crossing points, which
are permanently interconnected and crossing points, which
are separable, the stability and flexibility of the sheath (2) can
be customized. Areas requiring increased stability in the
implanted state can be stabilized by connecting the wires at
the crossing points. These can be areas serving as bearing
surfaces or abutments for expandable units (71, 72). Such
abutments can be located directly under an expandable unit
(71, 72) or next to areas with expandable units (71, 72). Areas
requiring increased flexibility can be areas, which during
insertion into a delivery system must be compressed more
than other areas. Areas requiring increased flexibility can also
be areas, in which an increased flexibility supports the natural
movement of the heart. If the sheath (2) is not made of a wire
mesh but of a latticework or a sheath sleeve with holes, the
stability and/or the flexibility of the sheath (2) can be adjusted
at areas as well. In these cases, adjustments can be brought
about by choosing the width of the links and/or the thickness
of the links, through the choice of the material to be used,
through modifications of the material in certain areas through
application of energetic radiation, like heat, for example.
Preferably, the sheath (2) exhibits openings being formed by
the wires of a wire mesh, the links of a latticework, or the
holes in a sheath sleeve. These openings enable compression
of the sheath (2); they allow the exchange of substances from
inside the sheath (2) with areas outside the sheath (2) and vice
versa; they reduce the amount of material being used for the
sheath (2), and they allow an increased flexibility of the
sheath (2). Shapes, which are difficult to realize with solid
materials are easier to achieve with mesh-type or lattice-type
structures. The openings can be rectangular, round or oval.
The openings defined by the wires, the links or the holes in a
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sheath sleeve have a diameter of approximately 1 to 50 mm,
preferably 4 mm to 10 mm. The diameter of an opening is
defined as pin opening, meaning that the diameter of the
opening represents the largest diameter of a cylindrical pin
that can pass through an opening (e.g., a cell or a hole).

[0055] The sheath (2) is preferably made of a material
allowing expansion. Preferably, the sheath (2) is formed from
a material selected from the group consisting of nitinol, tita-
nium and titanium alloys, tantalum and tantalum alloys, stain-
less steel, polyamide (PA), polyurethane (PUR), polyether
ether ketone (PEEK), polyethylene (PE), polypropylene
(PP), polycarbonate (PC), polyethylene terephthalate (PET),
polymer fiber materials, carbon fiber materials, aramide fiber
materials, glass fiber materials and combinations thereof. A
material suitable for forming a self-expanding sheath (2) is at
least partially made of a shape memory alloy. Examples of
shape memory alloys include NiTi (nickel-titanium; nitinol),
NiTiCu (nickel-titanium-copper), CuZn (copper-zinc),
CuZnAl (copper-zinc-aluminum), CuAlINi (copper-alumi-
num-nickel), FeNiAl (iron-nickel-aluminum) and FeMnSi
(iron-manganese-silicon).

[0056] The sheath (2) preferably exhibits a form adapted to
the individual shape of the patient’s heart, or a cup-shaped
form. The individual shape of the patient’s heart can be recon-
structed from CT or MRI image data. The sheath (2) is open
at the top. The upper rim of the sheath (2) preferably exhibits
loops ofa wire or straps, which are formed by links. The loops
or straps can serve as anchoring points for a sleeve (80) with
atleast one sensor (81) or one electrode, and/or for a sleeve (7)
with at least one expandable unit (71, 72). Positioned at the
lower end of the cup-shaped sheath is preferably an opening,
through which one or multiple leads of the sensor (81) or of
the electrode, and/or of the expandable unit (71, 72) can be
passed. The shape of the sheath (2) at least partially represents
the anatomical shape of a heart (61), in particular the lower
part of a heart (61). Details regarding the shape of the sheath
(2) are explained in greater detail in a later section of the
description.

[0057] The sheath (2) can be covered by a membrane (21),
in particular by a membrane (21) made of polyurethane or
silicon. The membrane (21) is configured to reduce the
mechanical stress applied by the sheath (2) onto the pericar-
dium (6) or the myocardium (61). The membrane (21) can
also increase the biocompatibility of the sheath (2). The mem-
brane (21) can be attached to the inner surface or to the outer
surface of the sheath (2). The membrane (21) can also be
manufactured by dipping the mesh- or lattice-type sheath (2)
into an elastomer-containing liquid, and subsequently envel-
ops the latticework or the mesh. The membrane (21) can then
stretch across the openings of the mesh or the lattice. A
membrane (21) on the mesh or the lattice can also improve the
abutment properties of an expandable unit (71, 72). If an
expandable unit (71, 72) is, for example, an inflatable cham-
ber, a membrane (21) across, at or on the mesh or the lattice
can prevent parts of the chambers being pressed through the
mesh or the lattice while the chamber is expanding. The
membrane (21) can furthermore prevent excessive widening
of the sheath (2), in particular during inflation of an inflatable
chamber. A membrane (21) on a mesh or a lattice can ensure
that an expandable unit positioned on the lattice or the mesh
expands into a direction from the mesh or lattice towards the
inside only. The membrane (21) does not interfere with the
compressibility of the sheath (2) while being inserted into a
delivery system.



US 2014/0194717 Al

[0058] The sheath (2) and/or the membrane (21) can also
include an active pharmaceutical ingredient, for example, an
anti-thrombotic ingredient, an anti-proliferative ingredient,
an anti-inflammatory ingredient, an anti-neoplastic ingredi-
ent, an anti-mitotic ingredient, an anti-microbial ingredient, a
biofilm synthesis inhibitor, an antibiotics ingredient, an anti-
body, an anti-coagulating ingredient, a cholesterol-lowering
ingredient, a beta blocker, or a combination thereof. Prefer-
ably, the ingredient is in the form of a coating on the sheath (2)
and/or the membrane (21). The sheath (2) and/or the mem-
brane (21) can also be coated with extra-cellular matrix pro-
teins, in particular fibronectin or collagen. Bio-compatible
coating can be advantageous if ingrowth of the sheath (2) is
desired.

[0059] The expandable unit (71, 72) is located inside the
sheath (2). FIG. 3 shows a sheath (2), into which a sleeve (7)
with expandable units (71, 72) in the form of inflatable cham-
bers is inserted. The expandable unit (71, 72) is being sup-
plied by a line (41) inside the cable (4). The expandable unit
(71, 72) can be a hydraulic or a pneumatic chamber. The
expandable unit (71, 72) can be attached directly to the sheath
(2) without a sleeve (7). The expandable unit (71, 72) can also
be attached to a sleeve (7), and the sleeve (7) can be attached
inside the sheath (2). The expandable unit (71, 72) can be
designed to apply pressure to the heart (61). The applied
pressure can be a permanent pressure, or it can be a periodi-
cally recurring pressure. The device according to the inven-
tion can include different types of expandable units (71, 72).
The device can include at least one augmentation unit (71).
The device can include at least one positioning unit (72). The
augmentation unit (71) and/or the positioning unit (72) can be
attached directly to the sheath (2) or onto a sleeve (7), which
is inserted into the sheath (2).

[0060] An augmentation unit (71) is a unit, which can be
periodically expanded and relaxed, and thereby applies a
rhythmical pressure to the heart (61). The pressure is prefer-
ably applied in the areas of the heart muscle, under which a
ventricle is located. By applying pressure on a ventricle by
means of the augmentation unit (71) the natural pumping
motion of the heart (61) is being amplified or substituted, and
the blood inside the heart (61) is pumped from the ventricle
into the discharging artery. A pressure applied by an augmen-
tation unit (71) to a right ventricle assists the ejection of the
blood from the right ventricular chamber into the pulmonary
artery. A pressure applied by an augmentation unit (71) to a
left ventricle assists the ejection of the blood from the left
ventricular chamber into the aorta. The positioning of the
augmentation unit (71) inside the sheath (2) is explained in
greater detail in a later section of the description.

[0061] A positioning unit is preferably expanded during the
operation of the device in support of the heart function more
statically than periodically. The positioning unit (72) can be
expanded in order to fixate the device to the heart and to
ensure proper fitting of the device. A positioning device (72)
can also be used to respond to changes in the myocardium
(e.g., shrinking of the myocardium due to lack of fluids or
enlargement of the myocardium due to the absorption of
fluids). If the size of the myocardium decreases or increases
within a particular period of time, a positioning unit can be
expanded or relaxed further in order to ensure a perfect fit.
The positioning unit (72) may, for example, also be used to
ensure that the device does not lose contact to the heart wall
over the span ofaheartbeat. Loss of contact can lead to impact
stress between the myocardium and the device, and/or cause
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malfunction of the sensors (81) and/or electrodes. In some
implementations, the positioning unit (72) can counteract the
pathological, progressive expansion of the damaged myocar-
dium in heart failure patients. The positioning of the position-
ing unit (72)inside the sheath (2) is explained in greater detail
in a later section of the description.

[0062] Located at the lower end of the sheath (2) can be an
opening, through which the lead (83) from the sensor (81) or
the electrode and/or the line (41) of the expandable unit (71,
72) can be passed. The opening can be installed at the lower
distal end of the sheath (2). Alternatively, the opening can also
be installed on one side of the sheath (2). Shown in FIG. 3 is
an opening at the lower distal end of the sheath (2), through
which one cable (4), which includes all leads (41, 83), has
been routed. Instead of one cable (4), there can be multiple
separate cables. The cables can be routed through one open-
ing of the sheath (2) or through multiple openings of the
sheath (2). Attached to the end of the cable (4) is a connector
(90), which is used to connect the sensor (81) or the electrode,
and/or the expandable unit (71, 72) to a supply unit. The
sheath (2) is preferably brought inside the pericardium (6).
The cable (4) is then passed through the pericardium (6). The
device according to the invention can include a pericardium
seal (5). The seal can seal the opening of the pericardium,
which is required for the cables to pass through. The pericar-
dium (6)is a connective-tissue-type sac surrounding the heart
(61), and which, due to a narrow lubricant layer, gives the
heart (61) the ability to move freely. As alubricant, it contains
aserous fluid, also called liquor pericardii. In order to prevent
this lubricant from escaping from the pericardium (6) through
the cable opening, and to prevent any other fluids or solids
(like, for example, cells, proteins, foreign matter, etc.) from
entering the pericardium (6), a pericardium seal (5) can be
installed around the cable (4). The pericardium seal (5) seals
the opening of the pericardium (6) to the cable (4). The
pericardium seal (5) can include a first sealing component
with a first sealing lip, and a second sealing component with
a second sealing lip. A cable (4) can be routed through a
central lumen of the seal. The first sealing lip and/or the
second sealing lip can seal the pericardium opening. Located
inside the central lumen can be an additional sealing compo-
nent, which seals the cable (4) against the pericardium seal (5)
and, if necessary, fixates it as well. The first and the second
sealing component can be combined. Preferably, the first and
the second sealing component can be secured with a mecha-
nism. Possible mechanisms to secure the sealing components
are screw mechanisms, clamping mechanisms, or a bayonet
mechanism. The first sealing component and/or the second
sealing component can be expandable, or even self-expand-
ing. The pericardium seal (5) is explained in greater detail in
a later section of the description.

[0063] FIGS. 4a and 45 show a cross-section of the heart
(61) and part of the device for the support of the cardiac
function (61) along line A-A in FIG. 3. Starting from the
outside to theinside, the following layers are represented: The
sheath (2) with a membrane (21), a sleeve (7) with at least one
expandable unit (71, 72), a sleeve (80) with at least one sensor
(81) or one electrode (82), and a transverse cross-section of
the heart (60). Three augmentation units (71) and three posi-
tioning units (72) are illustrated as examples. In FIG. 4a, the
expandable units (71, 72) have been drawn in the non-ex-
panded state. In FIG. 45, the augmentation units (71) have
been drawn in the expanded state. The expandable unit (71,
72) is located in an area adjacent to a ventricle. An expansion
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of the expandable unit (71, 72) can reduce the volume of the
ventricle and cause blood to be ejected from the ventricular
chamber. The sensor (81) or the electrode (82) is installed in
aparticular location, where at least one parameter of the heart
(61) can be measured. An electrode (82) can be installed in a
particular location, where the myocardium can be stimulated.
In FIGS. 4a and 4b, four sensors (81) in the sleeve (80) and
three electrodes (82) at the inside of the sleeve (80) are illus-
trated as examples.

[0064] FIG. 5 shows a delivery system (100), which can be
used to implant the device to support the cardiac function. The
delivery system (100) includes a catheter (103), which has a
lumen. Preferably. the catheter (103) is an elongated, tubular
component, into which the device for the support of the car-
diac function can be inserted in its compressed state. The
cross-section of the catheter (103) and/or of the lumen can be
round, oval or polygonal. The delivery system (100) can
further include a guide wire (101) and/or a dilatation compo-
nent. The dilatation component can be soft cone-shaped tip
(102) with a shaft. The guide wire (101) can be passed
through a puncture of the chest wall (65) between the ribs (64)
and of the pericardium (6). The soft, cone-shaped tip (102)
can have at the center a round, oval or polygonal lumen. The
soft, cone-shaped tip (102) can be pushed over the guide wire
(101) and the puncture can be dilated without injury to the
epicardium. The distal section of the catheter (103) of the
delivery system (100) can be passed through the dilated open-
ing. At the distal end of the catheter (103), a first sealing
component (51, 52) of the pericardium seal can be snapped on
or otherwise attached. The catheter (103) may, for example,
be pushed onto a cone (55) located at the end of the first
sealing component (51, 52). Not shown is another embodi-
ment, where a cone is located at the side of the catheter, onto
which the first sealing component can be pushed. The catheter
(103) with the attached first sealing component (51, 52) of the
pericardium seal can be guided via the shaft of the soft tip
(102) and inserted into the pericardium (6).

[0065] Alternatively, the catheter (103) and the first sealing
component (51, 52) of the pericardium seal can be parts that
are not interconnected to each other. In this case, the catheter
(103)is initially inserted into the pericardium (6), and the first
sealing component (51, 52) can then be pushed into the peri-
cardium via the catheter or withdrawn from the pericardium
(6) through the lumen of the catheter (103). The first sealing
component (51, 52) can be a self-expanding sealing compo-
nent, and is configured to unfold inside the pericardium (6).
Alternatively, a non-expandable part (51) of the first sealing
component contains a self-expanding sealing lip (52) or a
sealing lip (52). which is configured to fold down while the
first seal component (51, 52) is being inserted, and which
opens up inside the pericardium (6). The first sealing compo-
nent (51, 52) can expand into a mushroom or umbrella-like
shape.

[0066] A second sealing component (53, 54) can be
inserted along the catheter (103) or through the catheter
(103). For example, the second sealing component (53, 54)
can be moved via the catheter (103) of the delivery system
(100) to the distal end of the delivery system (100), and then
coupled with the first sealing component (51, 52). The second
sealing component (53, 54) can be expandable or non-ex-
pandable. The second sealing component (53, 54) can be
coupled to the first sealing component (51, 52). The second
sealing component (51, 52) is preferably self-expanding, and
can in its expanded form assume the shape of a mushroom or
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an umbrella. The second sealing component (53, 54) can be
secured with the first sealing component (51, 52). Shown in
FIG. 5 is a screw mechanism. Other mechanisms to secure the
sealing components (51, 52, 53, 54) include a clamping
mechanism or a bayonet seal. After securing of the sealing
components (51,52,53,54), the catheter (103) of the delivery
system (100) can remain on the cone (55) of the first sealing
component (51) or remain in the lumen of the sealing com-
ponent (51, 52). After the guide wire (101) and the shaft of the
soft tip (102) have been pulled out of the catheter, of the
catheter (103). The sheath is preferably self-expanding, and
encloses the heart (61) after expansion at least partially.
Located at the lower end of the sheath can be a connector or
a cable with a connector. The supply unit can be directly
attached to the sheath, or be connected to the sheath via a
cable. After the sheath has been delivered, the delivery system
(100) can be removed. The delivery system (100) is detached
from the sheath by using a pre-weakened breaking point (104)
of the delivery system (100) and/or on the catheter (103).
Preferably, there are one or multiple pre-weakened breaking
points (104) along a longitudinal axis of the delivery system
(100). The pre-weakened breaking point (104) can be repre-
sented by a breaking line. When the delivery system (100) is
broken open along a pre-weakened breaking point (104), the
delivery system (100) can be split, unrolled and removed. The
delivery system (100) can also include grasping components
(105), which can be used to apply a force to the delivery
system (100). Preferably, the grasping components (105) can
be used to apply a force directed sideways from the catheter
(103) onto the delivery system (100) suitable to break open
the pre-weakened breaking point (104).

[0067] The delivery system (100) can further include a
sensor (107). The sensor can be a temperature sensor (106) to
measure the temperature within the catheter before and dur-
ing the implantation of the (heart assist device/system)/
(sheath?). The temperature sensor (107) can include a ther-
mocouple, a crystal oscillator or an infrared camera.
Alternatively, the sensor can be a sensor to measure at least
one of the temperature, pH-value, osmolarity and oxygen
saturation of a fluid within the catheter. The wall of the cath-
eter (103) can further contain heating elements (108).

[0068] The heating elements (108) can be used to heat the
catheter (103) and its content before or during implantation.
The delivery system (100) can contain one, two, three, four or
more heating elements (108). The heating elements (108) can
be arranged along the circumference of the catheter wall
(103) equidistantly or unregularly. The heating elements
(108) can span the whole length of the catheter (103) or cover
the length of the catheter only partially. The heating elements
(108) can be adjacent to the catheter wall (103) at the inside or
the outside or they can be within the catheter wall.

[0069] Theheating elements (108) can include heating fila-
ments, heating coils or heating wires, which produce heat via
an electrical current. The heating elements (108) can further
consist of ducts within the catheter wall that are perfused by
a tempered fluid. The catheter can be heated by using a per-
fusion fluid whose temperature is higher than the ambient
temperature. The ducts can also be perfused by a fluid whose
temperature is lower than the ambient temperature, in this
way the ducts are utilized to cool down the catheter and its
content to lower temperature. With a temperature sensor and
the heating elements, the temperature within the catheter can
be maintained at a specific level between -5° C. and +40° C.
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[0070] FIG. 6 shows a step of the implantation ofthe device
according to the invention. After the first sealing component
(51, 52) in the pericardium (6) has assumed the expanded
form, the sheath (2), which is preferably self-expanding, can
be passed through the lumen of the catheter (103) of the
delivery system and lumen of the first sealing component
(51). After entering through the pericardium seal, the sheath
(2) with the sensor or the electrode and/or the expandable unit
expands inside the pericardium (6).

[0071] Shown in FIG. 6 is also the second sealing compo-
nent (58, 59) before being coupled with the first sealing
component (51, 52). In this embodiment, the second sealing
component (58, 59) is a ring-shaped component (58), e.g., a
nut, on which a sealing disk (59) can be attached to its distal
side. The second sealing component (58, 59) can be expand-
able or non-expandable. The second sealing component (58,
59) can be moved on the catheter (103). In this embodiment,
the first (51, 52) the sheath with the sensor or the electrode
and/or with the expandable unit can be inserted through the
lumen and the second sealing component (58, 59) exhibit
thread sections, which can be screwed together.

[0072] FIG.7shows a step of the implantation of the device
according to the invention. In this embodiment, the first seal-
ing component (51, 52) is coupled with the second sealing
component (53). The pericardium (6) can thereby be sealed.
The expandable sheath (2) is partially located inside the peri-
cardium (6) and can be expanded. FIG. 7 shows markings (22,
23, 24) applied to the sheath (2). The device according to the
invention generally contains at least one marking (22, 23, 24),
which can facilitate the correct placing of the sheath (2). The
marking (22, 23, 24) can be a visual mark, in particular a color
marking. Themarking (22, 23, 24) can be a phosphorescent or
fluorescent marking, making it easier to see in dark environ-
ment. Such environments can be present in the operating
room itself, and can also be caused by the casting of shadows.
Such environments can also be inside the body of a patient.
The marking (22, 23, 24) can be made of a material able to be
represented by imaging techniques. Suitable imaging tech-
niques include X-rays, CT-methods, and MRI-methods. For
example, the marking (22, 23, 24) can be formed of a more
radiopaque material than the material of adjacent regions.
The marking (22,23, 24) can have the form of a point, a circle,
an oval, a polygon, or the form of aletter. Other forms can be
areas created by the connecting of dots. The form can be, for
example, a half-moon or a star. The marking (22, 23, 24) can
be applied to the sheath (2) or applied to a sleeve. The marking
can be applied in the form of a line. The line can start at the
upper edge of the sheath (2). The line can run from an upper
edge of the sheath (2) to a point at the lower tip of the sheath
(2). The line can run from the upper edge of the sheath
perpendicular to the lower tip of the sheath (2). The starting
point of the line at the upper edge of the sheath (2) can be
located at a place, which in the implanted state is close to an
area or at an area, which is level with the cardiac septum. The
marking (22, 23, 24) can be located at crossing points of the
mesh or the lattice. If the sheath (2) includes a sheath sleeve,
into which holes were formed, the marking (22,23,24) can be
worked into the sheath sleeve. For example, a hole can be
manufactured with a predefined form, which then serves as
marking (22, 23, 24).

[0073] The delivery system and/or the catheter (103) of the
delivery system can include one or multiple markings (106).
A marking (106) on a delivery system can be formed like a
marking on a sheath. The marking (106) can have the form of
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a dot or the form of a line. A marking (106) in the form of a
line can be a line, which at least partially describes a circum-
ference of'the delivery system. A marking (106) in the form of
a line can be a longitudinal line along an axis of the delivery
system. A marking (106) in the form of line can be a straight
line or a meandering line. A marking (106) in the form of a
line can be a line running diagonally on a catheter (103) of a
delivery system. A marking (106) can facilitate the orienta-
tion of the delivery system during implantation. A marking
(106) at or on the delivery system can be in alignment with a
line at or on a medical implant. For example, the medical
implant can be a device for the support of the cardiac function,
which can be compressed. In a compressed state, the device
can be inserted into a delivery system. One or multiple mark-
ings (22,23, 24) on or at the device can be aligned with one or
multiple markings (106) on or at the delivery system. Such
markings (22, 23, 24, 106) facilitate the orientation of a
medical implant. Markings (22, 23, 24) can also be located
along an axis of a medical implant. Such markings (22, 23,
24) can be helpful in tracking the progress of the discharge of
a medical implant out of the delivery system. The delivery
system and/or a catheter (103) can be made of a transparent
material, which allows the medical implant to be visually
traceable during insertion.

[0074] FIG. 8 shows a step of the implementation of the
device. In this example, the first sealing component (51, 52)
and the second sealing component (53) of the pericardium
seal are interconnected. The device for the support of the
cardiac function has already been partially discharged from
the delivery system. Shown is a self-expanding sheath (2). In
this embodiment, the sheath (2) is formed from a wire mesh
exhibiting loops (26, 28) at the upper edge and/or at the lower
edge of the sheath (2). The sheath (2) can also be formed of a
lattice structure and can exhibit links in the form of straps at
the upper edge and/or at the lower edge of the sheath (2). If the
sheath (2) is formed from a sheath sleeve, into which holes
have been formed, the upper edge and/or the lower edge of the
sheath (2) can be designed such that at least one strap is
located at the upper and/or lower edge of the sheath (2). The
sheath (2) represented in FIG. 8 includes a sleeve (80), which
is inserted into the sheath (2). Another sleeve including at
least one expandable unit can be located between the sleeve
(80) and the sheath (2).

[0075] Oneor both sleeves can be fastened to the loops (26,
28) or straps of the sheath (2). A sleeve can, in particular, be
hooked onto the loops (26, 28) or the straps of the sheath (2).
In such case, the sleeve (80) can exhibit at least one pocket
(27), which can be pulled over at least one loop (26, 28) or at
least one strap. Another embodiment can include a sleeve
(80), which is turned inside out at its upper edge and/or at its
lower edge. This inversion can form a pocket (27) around the
entire sleeve (80) or around a part thereof, which can be
hooked into the upper edge and/or the lower edge of the
sheath (2). In FIG. 8, the sheath (2) exhibits multiple mark-
ings (22,23, 24, 25). As previously described, these markings
(22, 23, 24, 25) can assume different forms or positions. In
this case, the markings (22, 23, 24, 25) are attached to the
upper edge and the lower tip of the sheath (2).

[0076] FIGS. 9a-c show different views of a pericardium
seal (5). The pericardium seal (5) serves to prevent the loss of
pericardium fluid or also as an option to apply artificial peri-
cardium fluid, medications or other therapeutics. The preven-
tion of loss of pericardium fluid also serves to prevent adhe-
sions ofthe system with the epicardium. The pericardium seal
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(5) generally includes a first sealing component (51) and a
second sealing component (52). The first sealing component
(51) has a central lumen, and the second sealing component
(53) has a central lumen. The first sealing component (51) can
be coupled with the second sealing component (53). After
coupling the first sealing component (51) to the second seal-
ing component (52), the pericardium seal (5) exhibits a lumen
running through the pericardium seal (5). The lumen can be
formed exclusively by the central lumen of the first sealing
component (51), or the lumen can be formed exclusively by
the central lumen of the second sealing component (53). In
another embodiment, the lumen can also be formed from both
lumens of the two coupled sealing components (51, 53).
Located in the lumen can be a sealing gasket, an O-ring, a
labyrinth seal or another sealing component (56). A sealing
component (56) in the lumen of the pericardium seal can seal
the pericardium seal (5) against an object protruding through
the pericardium seal (5). For example, a cable can be passed
through the pericardium seal (5), which is then sealed against
the pericardium seal (5). A sealing component (56) in the
lumen can serve not only to seal but also to fixate an object
protruding through the lumen of the pericardium seal. The
sealing component (56) can be attached to both sealing com-
ponents (51,53) orto one of both sealing components (51, 53)
only.

[0077] Using a mechanism, the first sealing component
(51) can be secured with the second sealing component (53).
A mechanism to secure a first sealing component (51) with a
second sealing component (53) can include a screw mecha-
nism or clamping mechanism. A mechanism to secure a first
sealing component (51) with a second sealing component
(53) can also include a bayonet catch. The first sealing com-
ponent (51) and the second sealing component (53) can be
made of the same material or made of different materials.
Suitable materials for the first sealing component (51) and/or
the second sealing component (53) include synthetic materi-
als, metals, ceramics or combinations thereof.

[0078] Attached to the first sealing component (51) can be
a first sealing lip (52). The first sealing lip (52) can be part of
the first sealing component (51) or can be attached to the first
sealing component (51). Attached to the second sealing com-
ponent (53) can be a second sealing lip (54). The second
sealing lip (54) can be part of the second sealing component
(53) or can be attached to the second sealing component (53).
The first sealing lip (52) and the second sealing lip (54) can be
formed of the same material or of different materials. One or
both sealing lips (52, 54) can be part of the respective sealing
component (51, 53) and can be formed from the same mate-
rial as the associated sealing component (51, 53). The first
sealing lip (52) and/or the second sealing lip (54) can be
formed of a synthetic material (preferably of an elastomer),
natural rubber, rubber, silicon, latex or a combination thereof.
The first sealing lip (52) and/or the second sealing lip (54) can
be disk-shaped. The first sealing lip (52) and/or the second
sealing lip (54) can exhibit a concave or a convex curvature.
Curved sealing lips (52, 54) can better adapt to anatomic
conditions. The pericardium exhibits a convex form in the
area of the cardiac apex. With the sealing lips (52, 54) exhib-
iting a curvature in the shape of the anatomically available
form, animproved anatomic fit of the pericardium seal (5) can
be achieved.

[0079] Curved sealing lips (52, 54) can also be used to
achieve better sealing properties. The first sealing lip (52)
and/or the second sealing lip (54) can have reinforcements.
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With increasing radial distance from the lumen of the peri-
cardium seal towards the outside, the first sealing lip (52)
and/or the second sealing lip (54) can exhibit increased flex-
ibility. Increased flexibility at the edges of sealing lip (52, 54)
can strengthen the sealing properties of the sealing lip (52, 54)
and can also support the anatomically correct positioning of
the sealing lip (52, 54). Increased flexibility at the edges of the
sealing lip (52, 54) can be achieved through the choice of
material. Each sealing lip (52, 54) can be made of one mate-
rial or of multiple materials. Reinforcements of a sealing lip
(52, 54) can be concentric reinforcements or radial reinforce-
ments. Reinforcements can be achieved by means of variable
material thicknesses or by introduction of a reinforcing mate-
rial. The reinforcing material can be the same material as the
base material of the sealing lip (52, 54), having been con-
verted into a different form of the material. Alternatively,
regions, that are not to be reinforced can be weakened by
converting the material of the sealing lip (52, 54) into a
weaker form of the material. A weakening of the material can
be induced by exposure to energetic radiation (e.g., heat).
Reinforcements of the material can also be achieved by appli-
cation of material, whereby the applied material can be the
same material as the base material of the sealing lip (52, 54),
or whereby the applied material can be a material different
from the base material of the sealing lip (52, 54). Suitable
materials for the reinforcement of sections of a sealing lip (52,
54) are metals, ceramics, rubber, or a combination thereof.

[0080] One of the two sealing components (51, 53) can
exhibit a coupling mechanism, allowing the coupling of a
sealing component (51, 53) with the delivery system or a
catheter of the delivery system. The coupling mechanism can
consist, for example, of a cone (55) located at the first sealing
component (51), onto which the delivery system or a catheter
of adelivery system can be clamped. The clamping effect can
be achieved by the diameter of the cone (55) being larger than
the luminal diameter of the delivery system, for example. The
coupling mechanism to couple the pericardium seal (5) to the
delivery system can also be available at the second sealing
component (53). The coupling mechanism can also be pro-
vided as a separate part in addition to the sealing components
(51, 53). and can link the delivery system to one of the two
sealing components (51, 53) of the pericardium seal (5).
Other embodiments of the coupling mechanism may include,
among others, a non-conical (e.g., cylindrical) extension on
one of the sealing components (51, 53), onto which the deliv-
ery system can be placed or glued. In some embodiments, the
catheter of the delivery system and a sealing component form
a single integrated part. In some embodiments, the catheter
can after successful insertion and securing of the pericardium
seal (5) be disconnected from the sealing component (51, 53)
or the pericardium seal (5) by means of a pre-weakened
breaking point.

[0081] Oneorboth sealing components (51,53) can exhibit
engaging components (57). These engaging components (57)
canbe used to apply a force to one or both sealing components
(51, 53) appropriate to couple and/or secure the sealing com-
ponents (51, 53). Engaging components (57) on one or on
both sealing components (51, 53) can be holes, indentations
or elevations. The engaging components (57) can be installed
around the circumference of the sealing component (51, 53)
at an equal distance from each other. The circumferential
distance between the engaging components (57) can also
vary. FIGS. 9a-c illustrate six engaging components (57)
equidistantly disposed around the circumference. On the
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ring-shaped sealing component (53), the six engaging com-
ponents (57) are installed at an angular distance of approxi-
mately 60°. In the case of two, three, four, five, six, eight or
more evenly distributed engaging components (57), the angu-
lar distance is 180°, 120°, 90°, 72°, 60°, 45° or less, respec-
tively. The engaging components (57) can also be installed in
an unevenly spaced configuration.

[0082] FIG. 10 shows a pericardium seal (5) and a tool (11)
to secure a pericardium seal (5). The pericardium seal (5)
shown in FIG. 10 is essentially identical to the seal shown in
FIG. 9. As an example, the tool (11) is represented as an
elongated tubular tool. Located at the distal end of the tool
(11) are components (111), which can be at least partially
engaged with the engaging components (57) of a sealing
component (53). In the embodiment shown in FIG. 10, the
inside of the tubular tool (11) exhibits at the distal end six
elevations (111) pointing to the inside, which can engage with
the six engaging components (57) of the sealing component
(53), for example, with six indentations on the sealing com-
ponent (53). The tool (11) essentially exhibits the same num-
ber of components (11), which are complementary to the
engaging components (57) of the sealing component (53).
The tool (11) shown in FIG. 10 is a tubular tool, consisting of
a complete tube. The tubular component of the tool (11) can
also be half a tube, a quarter tube, or a third of a tube. In the
extreme case, instead of the tube, only one shaft or multiple
shafts can be attached to a distal, ring-shaped tool. A shaft can
extend from the ring-shaped tool in longitudinal direction. A
shaft can also extend laterally away from a longitudinal axis
of the tool. Other embodiments of the tool (11) (not shown)
can be provided in the form of a modified box wrench or a
modified open-end wrench.

[0083] FIG. 11 shows a connector system consisting of two
connectors (90, 92). The device for the support of the cardiac
function includes a sheath with at least one sensor or at least
one electrode and/or at least one expandable unit, whereby
the sensor or electrode and/or the expandable unit are con-
nected to a supply unit. The sensor or the electrode and/or the
expandable unit can be directly connected to the supply unit.
The sensor or the electrode and/or the expandable unit can be
connected to the supply unit via a cable (4). The sensor or the
electrode and/or the expandable unit can be directly linked to
the supply unit via the cable (4), or the sensor or the electrode
and/or the expandable unit can be connected to the supply
unit. The supply unit can include a connector (92). The con-
nector (92) can be attached directly to the supply unit. The
connector (92) can be connected to the supply unit via a cable
(4). The sensor or the electrode and/or the expandable unit can
include a cable (4). At the end of the cable (4) can be a
connector (90). The connector (90) at the end of the cable of
the sensor or of the expandable unit matches the connector
(92) at the supply unit. The connector (90) of the sensor or of
the electrode and/or the expandable unit can be a male or a
female connector. A female connector on the side of the
sensor or the electrode and/or the expandable unit can be
advantageous, since the female connector in contrast to the
male connector does not include any pins (951) or any other
terminals, which can protrude and therefore could break. If an
exchange of the supply unit is required, the connector system
is disconnected, and a new supply unit is connected to the
connector (90) of the sensor or the electrode and/or the at least
expandable unit. The reconnection of the connector (90) with
a supply unit might cause pins (951) or other terminals to
break. If the pins (951) or terminals are located in a male
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connector on the side of the sheath with the sensor or the at
last one electrode and/or the expandable unit, an exchange of
the sheath may be required. A female connector on the side of
the sheath with the sensor or the electrode and/or the expand-
able unit can be advantageous, since the breaking of pins
(951) or other terminals cannot occur at a female connector.
The connector system (90, 92) usually includes two connec-
tors. The device according to the invention can consist of a
connector system (90, 92) for the sensor or the electrode
and/or the expandable unit, or of multiple connector systems.
If multiple connector systems are used, a connector system
for electrical leads and a connector system for hydraulic
and/or pneumatic lines can be provided. The connector sys-
tem (90, 92) represented in FIG. 11 is a connector system
consisting of connections to supply the sensor or the electrode
and the expandable unit. The number of connections depends
on how many sensors or electrodes and how many expandable
units are being used. In some implementations, the number
does not necessarily have to correlate directly with the num-
ber of sensors or electrodes and/or the number of expandable
units. Split leads/lines on both sides of the connector system
(90, 92) are possible, and a pneumatic or hydraulic line is
configured to supply one, two, three, four, five, six or more
fellable chambers. The filling of the multiple chambers by
one line does not have to occur simultaneously; it can also
occur individually by means of individually controllable
valves. Likewise, one electrical lead inside the cable can be
used for multiple sensors or electrodes, and switches can
individually energize circuits. The connector system (90, 92)
represented in FIG. 11 includes four hydraulic or pneumatic
connection ports (93, 94) and one connection for electrical
leads (95, 96). The connecting port for electrical leads (95,
96) shown in FIG. 11 exhibits 16 connecting components in
the form of pins (951) and pin sockets (961). More or fewer
connections for electrical leads (95, 96) and/or pneumatic or
hydraulic lines (93, 94) can exist in one connector system.
The pneumatic or hydraulic lines (93, 94) can include one,
two, three, four, five, six, seven, eight, nine or ten connec-
tions.

[0084] The electric leads (95, 96) can include one, two,
three, four, five, six, seven, eight, nine, ten, twelve, fourteen,
sixteen, twenty or more connections. One electrical connec-
tor for electric leads (95, 96) can have one, two, three, four,
five, six, seven, eight, nine, ten, twelve, fourteen, sixteen,
twenty or more connecting components in the form of pins
(951) and pin sockets (961). The number of connecting com-
ponents in the form of pins (951) and pin sockets (961),
however, is identical for the respective pair of connections for
electricals leads (95,96). Each of the connections (93, 94, 95,
96) in one or in both of the connectors of the connector
systems (90, 92) can have its own seal (931, 952). The seal
(931, 952) of the individual connections (93, 94, 95, 96) can
be a sealing tape or a sealing gasket. The connector system
(90, 92) can in addition or only one seal inside the connector
system (973) or around the connector system. A seal via the
connector system can be a sealing tape or a sealing gasket.
The connector parts (90, 92) can be interconnected in order to
create the connector system (90, 92). The connector parts (90,
92) can have a guide peg (972) and a guide slot (974). The
guide peg (972) and the guide slot (974) can prevent wrong
connection of the two connector parts and/or turning the
connector parts the wrong way during connection. The con-
nector parts (90, 92) can also include two, three, or more
guide pegs (972) and guide slots (974). In the case of two or
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more guide pegs (972) and guide slots (974), unequal dis-
tances between the individual guide pegs (972) and guide
slots (974) can be used. The interconnected connector parts
(90, 92) can also be secured with a mechanism (971). Such
mechanism (971) can be a screwing mechanism or a clamping
mechanism or a bayonet catch. A mechanism to secure the
interconnected connector system (90, 92) can also be a
retainer nut, a clamp, a latch or a snap-lock mechanism.
Securing the connector system (90, 92) is advantageous, since
any accidental partial or complete disconnection of the con-
nector system (90, 92) can interrupt the supply of the sensor
or the at least one electrode and/or the expandable unit.

[0085] FIG. 12 shows a model for the preparation of a
system of coordinates. The development of a system of coor-
dinates can facilitate the manufacture of a device for the
support of the cardiac function, since the position for the
sensor or one electrode and/or the expandable unit and/or the
marking can be exactly defined. FIG. 12a shows a heart (61)
with anatomical points of reference. The example illustrates
the heart (61) with the aortic arch (AO) originating at the left
ventricle (LV) (with head arteries, neck arteries, and subcla-
vian arteries (TR, CL, SCL) branching off), and the pulmo-
nary artery (PU) originating at the right ventricle (RV). Also
shown are sections of the inferior vena cava (IVC) and the
superior vena cava (SVC). The broken line (601) represents
the height of the valve plane. The point (604) of the cardiac
apex is defined by letting a perpendicular (603) fall from this
plane (601) through the most distal point of the cardiac apex.
The device according to the invention includes a sheath, into
which a sleeve with at least one sensor or one electrode and/or
asleeve with at least one expandable unit can be inserted. The
dimension of the sheath and/or the sleeve can be designed
such that the upper edge of the sleeve (602) runs parallel to the
valve plane with a downward offset in the direction of the
cardiac apex at a distance from the valve plane of | mm to 30
mm, 3 mm to 20 mm, 5 mm to 10 mm, preferably 5 mm. The
upper edge of the sheath is shown by the line (602) in FIG.
12a. The lower edge of the sheath (605) and/or the sleeve can
be parallel to the valve plane with a distance to the most distal
point (604) of 1 mm to 30 mm, 3 mm to 20 mm, 5 mm to 10
mm, preferably 5 mm FIG. 125 shows a cutting plane B-B
along the line (602) shown in FIG. 124, i.e., along the line
corresponding to the upper edge of the sheath.

[0086] FIG. 125 shows the right ventricular chamber (RV)
and the left ventricular chamber (LV), the heart wall and the
septal wall separating the cardiac chambers. The points (608)
and (609) are defined as the points of intersection of the
centerlines of the heart wall with the septal wall. The point
(608) is also called the anterior intersecting point of the cen-
terlines of the heart wall with the septal wall. The point (609)
is also called the posterior intersecting point of the centerlines
of the heart wall with the septal wall. The center pointon a line
connecting points (608) and (609) is defined as point (607).
These points can be used to define a system of polar coordi-
nates. The z-axis (606) of the polar coordinate system is
defined as the line connecting the most distal point (604) to
the center point (607) of the line connecting points (608) and
(609). The circumferential direction of the coordinate system
is suggested by the reference numeral (610) and defined as
angle measure ¢, whereby a line radially running from the
z-axis (606) through the anterior point of intersection (608) is
defined as ¢p=0°.

[0087] FIG. 13 shows a sheath and/or sleeve with the coor-
dinate system described above in conjunction with FIG. 12.
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FIG. 13a shows a 3D-model (611) of a sheath or sleeve with
the z-axis (606) extending through the most distal point (604)
and the center point (607) of the line connecting points (608)
with (609). The points (608) and (609) are the anterior and the
posterior point of intersection of the center lines of the heart
wall with the septal wall, whereby the ¢=0° line is drawn
through the point (608). The broken line connecting the
points (608) and (609) along an outer circumference of the
sheath or the sleeve, represents the position of the septal wall
of the heart as projected onto the sheath/sleeve. At the upper
edge of the sheath or the sleeve, the angle measures starting at
¢=0° are shown in 30° increments, whereby—viewed from
above—the angles increase counterclockwise. Longitudinal
lines (613) projected onto the sheath/sleeve respectively
extend along these angles up to the cardiac apex (604). The
angle measure of ¢=360° then again corresponds to the angle
measure of ¢=0°. Contour lines (614) are indicated at dis-
tances of 15 mm increments. The contour lines (614) and
planes are running perpendicular to the z-axis (606). The
broken-dotted line (615) constitutes a cutting line, where the
3D shape (611) can be cut open and rolled out. FIG. 135
shows a rolled-out sheath or sleeve (612), which has been cut
along the line (615) in FIG. 13a and then rolled out. The
positions (608, 609) and lines (613, 614, 615, 616) shown in
FIG. 134 represent the same positions and lines that are
shown in FIG. 13a.

[0088] FIG. 14 shows a sleeve (7) with at least one expand-
able unit (71, 72). The 3D-shape of the sleeve (7) in FIG. 14a
is comparable to the 3D-model explained in conjunction with
FIG. 13a and shows a coordinate system as described above.
The sleeve (7) can at least partially enclose a heart. The sleeve
(7) can at least partially have the shape of a heart. The sleeve
(7) can have a shape similar to the sheath. The sleeve can be
inserted into the sheath. The sleeve can be made of synthetic
material, polymer, natural rubber, rubber, latex, silicon or
polyurethane.

[0089] InFIG. 14q, the sleeve (7) with at least one expand-
able unit (71, 72) is shown as a sleeve (7) with a multiplicity
of chambers. FIG. 145 shows a 2D-rollout of the 3D-model
from FIG. 14a. The rollout represented in FIG. 145 is essen-
tially identical to the rollout of a 3D-model explained in
conjunction with FIG. 13b. Unlike in FIG. 134, the 3D-model
in FIG. 14a is rotated such that a view from above into the
sleeve (7) is possible. In FIGS. 14a and 144, four expandable
units (71, 72) are shown as examples, three of which are
augmentation units (71) and one is a positioning unit (72).
The expandable units (71, 72) can be structurally similar but
can serve different purposes, as described above.

[0090] Generally, an augmentation unit (71) can be peri-
odically expanded and relaxed in order to be configured to
apply pressure to the heart. This pressure is preferably applied
in ventricular areas. By applying pressure to a ventricle via
the augmentation unit (71) the natural pumping motion of the
heart is supported or substituted, and the blood inside the
ventricular chamber is pumped into the corresponding artery.
A pressure applied by an augmentation unit (71) to a right
ventricle leads to the blood being ejected from the right ven-
tricle into the pulmonary artery. A pressure applied by an
augmentation unit (71) to a left ventricle leads to the blood
being ejected from the left ventricle into the aorta.

[0091] FIG. 14 shows three augmentation units (71), which
are located at the upper edge of the sleeve (7). In this example,
each of the augmentation units (71) is supplied by its own line
(41).
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[0092] Inthe case of augmentation units (71) in the form of
inflatable chamber, the lines (41) are preferably pneumatic or
hydraulic lines. Other embodiments include one, two, three,
four, five, six or more augmentation units (71), which are
supplied by one, two, three, four, five, six or more lines (41).
The line (41) can be made of synthetic material, polymer,
natural rubber, rubber, latex, silicon, or polyurethane. The
line (41) can run above, adjacent to or below the augmenta-
tion unit (71). The line (41) can preferably run below a posi-
tioning unit (72), so that no pressure points result between the
line (41) and the heart wall. The line (41) can also run above
or adjacent to a positioning unit (72).

[0093] The augmentation units (71) A1, A2, and A3 shown
in FIG. 14 are located in an area at the upper edge of the sleeve
(7) and are each supplied by their own respective line (41).
The augmentation units (71) Al and A2 can—as illustrated in
FIG. 14—can be positioned such that they can assist a left
ventricle. Augmentation unit (71) A3 is positioned to assist a
right ventricle. The individual augmentation units (71) Al,
A2 and A3 can be expanded individually. Augmentation units
(71) A1 and A2 can assist cardiac function for a heart with left
ventricular insufficiency. Augmentation unit (71) A3 can
serve to support a right ventricular insufficiency.

[0094] Augmentation units (71) A1, A2 and A3 can be used
for support of a bilateral heart insufficiency. The augmenta-
tion units (71) can be expanded synchronously or asynchro-
nously. Preferably, the expansion of the augmentation units
(71) can be coordinated such that a natural pumping function
of the heart is supported.

[0095] A positioning unit (72) is a unit, which can also be
expanded. Preferably, a positioning unit is expanded during
operation of the device for the support of the cardiac function
more statically than periodically. The positioning unit (72)
can be expanded in order to fixate the device to the heart and
to optimize the accuracy of the fit of the device. A positioning
unit (72) can also help to respond to changes of the myocar-
dium. Ifthe size of the myocardium decreases or increases, a
positioning unit can be expanded or relaxed further in order to
ensure a perfect fit.

[0096] FIG. 14 illustrates a positioning unit (72), which
essentially fills the spaces between the three augmentation
units (71) on the sleeve (7). The positioning unit (72) can have
a distance from one or multiple augmentation units (71) of 1
mm, 3 mm, 5 mm, 10 mm, 20 mm, 30 mm, 40 mm or more.
The positioning unit (72) can be supplied by its own line (41),
in the case of a chamber fillable with a fluid, by a pneumatic
or hydraulic line. Other embodiments include one, two, three,
four, five, six or more positioning units (72), which are sup-
plied by one, two, three, four, five, six or more pneumatic or
hydraulic lines (41). The line (41) can consist of a synthetic
material, polymer, natural rubber, rubber, latex, silicon or
polyurethane. The line (41) for the supplying of the position-
ing unit (72) can run below the positioning unit (72). The
positioning unit (72), shown in FIG. 14, fills the spaces
between the augmentation units (71). The depicted position-
ing unit (72) has extensions, which protrude into the spaces
between the augmentation units (71).

[0097] FIG. 15 shows an expandable unit (71, 72) in the
form of a chamber (710). The depicted chamber is a bellows-
shaped chamber (710). A bellows-shaped chamber (710) has
at least one section in the form of bellows. Preferably, cham-
ber 710 is a folding bellows consisting of one, two, three, four,
five, six, seven or more folds. An outwardly bent edge (711)
can be defined as a fold. An inwardly bent edge (712) can be
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defined as a fold. In some embodiments, the regions of the
chamber wall between the folds are less stable than the folds.
One, multiple or all bent edges (711, 712) can be reinforced.
A reinforcement of a bent edge (711, 712) is advantageous,
since the bent edge (711, 712) can be exposed to increased
stress due to the expanding and relaxing of the chamber (710).
A reinforcement of one or multiple bent edges (711, 712) can
reduce or prevent material fatigue along the bent edge (711,
712). Reinforcement of a bent edge (711, 712) can be
achieved through a greater wall thickness of the material at
the bent edge (711, 712). A bent edge (711, 712) can also be
reinforced through application of additional material,
wherein the applied material can be the same material as the
underlying material, or wherein the applied material can be a
different material than the underlying material. A chamber
(710) can exhibit a top side (713), a bottom side and a side
surface, whereby the side surface is preferably designed inthe
shape of a bellows. The top (713) and/or the bottom side can
be oval, circular, elliptical, or polygonal. The top side (713)
can have a different shape than the bottom side.

[0098] A bellows-shaped chamber (710) can be inserted
into a sheath of'the type described above. The chamber (710)
can be directly attached or fixated inside the sheath. The
chamber (710) can be attached to structural components of
the sheath, like, for example, a wire of a wire mesh, a strap of
a latticework, or a structure on a sheath sleeve.

[0099] The chamber (710) can be attached to crossing
points of amesh or latticework. The sheath can be covered by
amembrane, as described above. In these cases, the chamber
(710) can also be attached to the membrane. The membrane
can also be a bottom side of the chamber (710).

[0100] The bellows-shaped chamber (710) can also be fas-
tened to a sleeve (7). Multiple bellows-shaped chambers
(710) can be fastened to a sleeve (7). The sleeve (7) can at least
partially have the shape of a heart. The sleeve (7) can have a
shape similar to that of the sheath. The sleeve (7) can be
inserted into the sheath. The sheath (7) can be fastened and/or
fixated inside the sheath. The sleeve (7) can, in addition to one
or multiple augmentation units like, for example, one or mul-
tiple bellows-shaped chambers (710), also exhibit one or
multiple positioning units. The bottom side of the chamber
(710) can be made of the same material as the sleeve (7). The
sleeve (7) can be part of the chamber (710). The sleeve (7) can
form the bottom side of the chamber. In those cases, only the
lateral surfaces, which can be bellows-shaped, are applied to
a sleeve (7). In addition, a top side (713) can be attached as
well. The top side (713) can be a sleeve as well. Embodiments
consist of two sleeves (7), whereby the sleeves (7) create the
top side and the bottom side of the chambers, and lateral
surfaces are formed between the sleeves. In this case, lateral
surfaces can also be formed by joining, in particular by weld-
ing or gluing together of the two sleeves. The sleeves (7) can
be joined together, in particular, welded or glued together,
such that a chamber is formed. In some embodiments, the
sleeves are connected to each other in a common edge region.
In some embodiments, the chamber defines a gap 0of 0.1 mm
to 5 mm. The line supplying the chamber can be formed
similar to the chamber at least partially by joining the two
sleeves (7), in particular by welding or gluing together of the
two sleeves (7). Located on one of the two sleeves (7) or on
both sleeves (7) can be one or multiple sensors or one or
multiple electrodes.

[0101] The sleeve (7) with the expandable unit can at the
upper edge and/or at the lower edge exhibit at least one
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pocket. The pocket can be at least partially pulled over a
structural shape of a sheath. The pocket can, for example, be
at least partially pulled over a loop of a wire mesh or a strap of
a latticework.

[0102] The sleeve (7) with the expandable unit can contain
an active agent. The sleeve (7) may, for example, contain an
anti-thrombotic agent, an anti-proliferative agent, an anti-
inflammatory agent, an anti-neoplastic agent, an anti-mitotic
agent, an anti-microbial agent, a biofilm synthesis inhibitor,
an antibiotic agent, an antibody, an anticoagulative agent, a
cholesterol-lowering agent, a beta blocker, or a combination
thereof. The agent is preferably provided in the form of a
coating on the sleeve (7). The sleeve (7) can also be coated
with extra-cellular matrix proteins, in particular, fibronectin
or collagen.

[0103] FIG. 16 shows asleeve (80) with at least one sensor
(81) and/or at least one electrode (82). The 3D-shape of the
sleeve (80) in FIG. 16a is comparable to the 3D-model
described in FIG. 13a and shows a coordinate system as
described above. The sleeve (80) can at least partially enclose
aheart. The sleeve (80) can at least partially have the shape of
aheart. The sleeve (80) can have a shape similar to that of the
sheath. The sleeve (80) can be inserted into the sheath. The
sleeve (80) can be made of a synthetic material, polymer,
natural rubber, rubber, latex, silicon or polyurethane. The
sleeve (80) can exhibit a thickness of 0.1 mm to 1 mm,
preferably 0.2 mmto 0.5 mm. The sleeve (80) with the sensor
(81) and/or the electrode (82) can be pressed against the
myocardium by the sleeve with the expandable units. The
sleeve (80) can be coated, in particular, with a lubricant,
which reduces the friction between the myocardium and the
sleeve (80) with the sensor (81) and/or the electrode (82). A
coating, in particular, a coating with a lubricant can also be
provided between the sleeve (80) with the sensor (81) and/or
the electrode (82) and the sleeve with the expandable unit.
The sensor (81) and/or the electrode (82) can be worked,
molded or welded into the sleeve (80) or attached, glued onto
or sewn onto the sleeve (80). The sensor (81) and/or the
electrode (82) can be equipped with reinforcements config-
ured to prevent bending during the compression ofthe device.
[0104] InFIG. 164, the sleeve (80) is depicted with at least
one sensor (81) and/or at least one electrode (82) as a sleeve
(80) with a multiplicity of sensors (81) and electrodes (82).
FIG. 165 shows a 2D-rollout of the 3D-model from FIG. 16a.
The rollout depicted in FIG. 165 essentially matches the
rollout of a 3D-model explained in conjunction with FIG.
1354. Unlike in FIG. 134, the 3D-model in FIG. 164 is rotated
to allow a view from above into the sleeve (80). In FIGS. 16a
and 165, eight sensors (81) or electrodes (82) are shown as
examples. Other embodiments can include one, two, three,
four, five, six, seven, eight, nine, ten, eleven, twelve or more
sensors (81) and/or electrodes (82). The sleeve (80) with the
sensor (81) or at least one electrode (82) can be a net of
sensors (81) or electrodes (82). The net of sensors (81) or
electrodes (82) can at least partially enclose the heart. The
sensors (81) or electrodes (82) in the net of sensors (81) or
electrodes (82) can be interconnected. The sleeve (80) can
function as the carrier of the net of sensors (81) or electrodes
(82). The net of sensors (81) or electrodes (82) can also be
only partially attached to a sleeve (80). The net of sensors (81)
or electrodes (82) can also be inserted without a sleeve (80)
into a sheath as the one described above.

[0105] The sensor (81) or the electrode (82) can determine
a physical or a chemical property of its environment. The
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property can be detected qualitatively or quantitatively. The
sensor (81) can be an active sensor or a passive sensor. The
sensor (81) can detect at least one parameter of the heart. The
sensor (81) can be configured to determine the heart rate, the
ventricular pressure, the systolic blood pressure, the diastolic
blood pressure, pressure applied to a surface of the heart, fluid
presence, acidity, electrical resistance, osmolarity, oxygen
saturation or flow through a vessel. The sensor (81) can be
configured to measure the pressure applied by an expandable
unit onto a surface, the pH-value, the electric resistance, the
osmolarity of a solution, or the flow through a vessel. The
sensor can also be used as an electrode.

[0106] The electrode (82) can be configured to electrically
stimulate areas of the heart and/or to measure the action
potential at the myocardium during the excitation process.
The electrode (82) can be configured to stimulate the myo-
cardium with the use of electrical impulses. An electrical
stimulation can induce a myocardium to contract. The elec-
trode (82) can be a pacemaker electrode. The electrode (82)
can be an extra-cardial stimulation electrode. With an elec-
trode (82), the myocardium can be stimulated before, during
or after a support of the pumping function of the heart by a
sheath with at least one expandable unit. The expansion of an
expandable unit can occur before, during or after stimulation
with an electrode (82). The device for the support of the
cardiac function can be operated only with at least one
expandable unit or only through stimulation with at least one
electrode (82). Simultaneous operation of the expandable unit
and the electrode (82) can be synchronous or asynchronous.
The electrode can also be used a sensor.

[0107] Thesensor (81) or the electrode (82) can be fastened
to the sleeve (80). The sensor (81) or the at least one electrode
(82) can be glued, sewed or welded to the sleeve (80). The
sensor (81) or the electrode (82) can be attached to the inside
ofthe sleeve (80), preferably welded in. The sensor (81) or the
electrode (82) can be connected via a lead (84) to a supply
unit. The data detected by the sensor (81) or the electrode (82)
can be transmitted connectionless via wireless technology,
like bluetooth, for example.

[0108] The contacts of the electrodes or sensors or the
entire sleeve can be coated with a substance, which increases
or improves conductivity. A graphite coating on the contacts,
for example, can increase their conductivity.

Example #1

[0109] FIG. 17 shows an embodiment of a sleeve (7) with at
least one expandable unit (71, 72). F1G. 17 depicts a 2D-roll-
out ofa 3D-model described in conjunction with FIG. 13. The
illustrated sheath includes three augmentation units (71) (A1,
A2, A3) and a positioning unit (72) (P). In some embodi-
ments, the augmentation units A1 and A2 each occupy an area
of 28.6 cm2 on the sleeve. The area occupied by augmentation
unit A3 in this example is 34.5 cm2. The positioning unit (72)
(P)occupies anarea 114.5 cm2. Under normal conditions, the
nominal expansion of the positioning unit (P) is 5 mm (e.g,,
the positioning unit is partially expanded and exhibits a thick-
ness of 5 mm). The positioning unit can be a chamber, which
can be filled and unfilled with a fluid. The thickness of the
positioning unit can therefore be between 1 mm and 10 mm,
preferably between 3 mm and 7 mm. By changing the thick-
ness of the positioning unit (72) (P) an increase or decrease of
the size of the heart can be compensated, and the correct fit of
the sleeve (7) and/or the sheath essentially remains guaran-
teed.
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[0110] In this example, the thicknesses of augmentation
units Al and A2 can be expanded by about 1.9 cm in order to
build up a pressure onto a ventricle (here, the left ventricle).
The effective volume expansion of the augmentation units Al
and A2 in this example is 40 ml. The effective volume expan-
sion of the augmentation unit A3 in this example is 50 ml and
leads to an effective expansion of the thickness by 1.45 cm.
Every corner of an augmentation unit can be described by the
coordinates of the corner points (vertices). The coordinate
system has been explained in conjunction with FIG. 13.

[0111] Inthisexample, augmentation unit Al extends from
vertex 1 (¢=359"; z=100) via vertex 2 (¢=48"; z=85) and
vertex 3 (¢=48"; z=40) to vertex 4 (¢p=328"; z=56), and, in the
implanted state, lies flat against the left ventricle. The con-
nection of vertex 1 to vertex 2 essentially extends parallel to
the upper edge of the sleeve (7) at a distance (d) of about 5
mm. The connection of vertex 2 to vertex 3 essentially
extends along the ¢=48° line. The connection of vertex 3 to
vertex 4 essentially extends parallel to the upper edge of the
sleeve (7) shown in the 3D-model. The connection of vertex 4
to vertex 1 essentially extends along the septal line (616). The
corners of the augmentation unit A1 are rounded and describe
a circular arc with a diameter of 4 mm.

[0112] Inthisexample, augmentation unit A2 extends from
vertex 1 (¢9=116"; z=69) via vertex 2 (¢p=182"; z=74) and
vertex 3 (¢=212"; z=37) to vertex 4 (¢=116"; z=26) and, in the
implanted state, lies flat against the left ventricle. The con-
nection of vertex 1 to vertex 2 essentially extends parallel to
the upper edge of the sleeve (7) at a distance (d) of about 5
mm. The connection of vertex 2 to vertex 3 essentially
extends along the septal line (616). The connection of vertex
3 to vertex 4 essentially extends parallel to the upper edge of
the sleeve (7) shown in the 3D-model.

[0113] The connection of vertex 4 to vertex 1 essentially
extends along the $=116° line. The corners of the augmenta-
tion unit A2 are rounded and describe a circular arc with a
diameter of 4 mm.

[0114] In this example, the augmentation unit A3 extends
from vertex 1 (§=235"; z=92) via vertex 2 (¢=303"; z=108)
and vertex 3 ($=303"; z=64) to vertex 4 (¢$=235"; z=48) and,
in the implanted state, lies flat against the right ventricle. The
connection of vertex 1 to vertex 2 essentially extends parallel
to the upper edge of the sleeve (7) at a distance (d) of about 5
mm. The connection of vertex 2 to vertex 3 essentially
extends along the $=303° line. The connection of vertex 3 to
vertex 4 essentially extends parallel to the upper edge of the
sleeve (7) shown in the 3D-model. The connection of vertex 4
to vertex 1 essentially extends along the $=235° line. The
corners of augmentation unit A3 are rounded and describe a
circular arc with a diameter of 4 mm.

[0115] The positioning unit P in the example of FIG. 17 is
designed to essentially fill the spaces between the augmenta-
tion units (71) on the sleeve (7). The positioning unit (72) can
also be described as a positioning unit (72) with extensions,
which fill in the areas of the sleeve (7) that are not filled by the
augmentation units. In this embodiment, the positioning unit
P is essentially located at a lateral distance (d) from the
augmentation units (71) and the upper edge of the sleeve (7)
of about 5 mm. The positioning unit (72) is also located at a
distance from the cutting line (615), which can be advanta-
geous during manufacturing. If the sleeve (7) with the
expandable unit is formed in a two-dimensional state, all

Jul. 10,2014

augmentation units (71) and positioning units (72) can be
attached to the sleeve (7) before the sleeve (7) is rolled into a
three-dimensional form.

[0116] In the example of FIG. 17, the lines (41) supplying
the expandable units (71, 72) are hydraulic or pneumatic lines
(41) extending radially from the lower edge of the sheath to
the augmentation units. The line (41) for the augmentation
unit A2 extends along the line ¢=15° and ends at the height of
7=54. The line (41) for augmentation unit A2 extends along
the line $=165° and ends at the height of z7=31. The line (41)
for augmentation unit A3 extends along the line $=270° and
ends at the height of z=65. The line (41) for the positioning
unit P extends along the line $=330° and ends at a height of
7=25.

Example #2

[0117] FIG. 18 shows an embodiment for a sleeve (80) with
at least one sensor (81) and/or an electrode (82). Shown in
FIG. 18 is a rollout as described in conjunction with FIG. 13.
The sleeve (80) of this embodiment includes eight sensors
(81) or electrodes (82), whereby four of these are pressure
sensors (force sensor FS1, FS2, FS3, FS4) (81), and four are
electrocardiogram electrodes (e.g., ECG1, ECG2, ECG3,
ECG4) (82). The sleeve (80) can be made of a synthetic
material, polymer, natural rubber, rubber, latex, silicon or
polyurethane. The sleeve (80) can have a thickness 0of 0.1 to 1
mm, preferably 0.2 mm to 0.5 mm. The four pressure sensors
(81) can be integrated into the sleeve (80), for example,
molded or welded to the inside surface of the sheath. The
pressure sensors (81) can be equipped with reinforcements,
which can prevent bending during the compression of the
device. The ECG electrodes (82) can be attached at the side of
sleeve (80) facing the heart. In the embodiment in FIG. 18, a
system of coordinates is depicted as described in conjunction
with FIG. 13. Using the coordinate system, the positions of
the sensors (81) and electrodes (82) can be determined as
follows: pressure sensor FS1 is located at coordinate (¢=17°;
7=71), pressure sensor FS2 is located at coordinate (¢=158';
z=48), pressure sensor FS3 is located at coordinate (¢=268°;
7=78), pressure sensor FS4 is located at coordinate (¢=67°;
z=61). ECG electrode ECG1 is located at coordinate (¢=76°;
7=54), ECG electrode ECG2 is located at coordinate
($=352°; z=39), ECG electrode ECGS3 is located at coordi-
nate ($=312°; z=93) and ECG electrode ECG4 is located at
coordinate (¢=187°; z=18). For smaller or larger hearts, the
angular coordinates for the sensors (81) and/or electrodes
(82) essentially remain the same; while the z-value is scaled
by a factor. For example, for smaller hearts, the scaling factor
can be between 0.85 and 0.95, and for larger hearts, the
scaling factor can be between 1.05 and 1.15.
What is claimed is:
1. A heart support system comprising
a sheath sized to fit about at least a portion of an adult
human heart in a living body,
an expansion sleeve disposed within the sheath and sized to
fit about the heart, the expansion sleeve at least partially
defining an expandable chamber; and
a sensor sleeve disposed within the sheath and sized to fit
about the heart, the sensor sleeve carrying at least one
sensor electrically responsive to a heart parameter.
2. The heart support system of claim 1, wherein the
expandable chamber is positioned to apply pressure to a sur-
face of the heart when expanded.
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3. The heart support system of claim 1, wherein the sensor
is respounsive to at least one of heart rate, ventricular pressure,
systolic blood pressure, diastolic blood pressure, pressure
applied to a surface of the heart, fluid presence, acidity, elec-
trical resistance, osmolarity, oxygen saturation and flow
through a vessel.

4. The heart support system of claim 1, wherein the expan-
sion sleeve and the sensor sleeve are of substantially identical
overall shape.

5. The heart support system of claim 4, wherein the sheath,
the expansion sleeve and the sensor sleeve are of substantially
identical overall shape.

6. The heart support system of claim 1, positioned about a
beating heart.

7. The heart support system of claim 6, wherein the expan-
sion sleeve and the sensor sleeve each have an upper edge
positioned between about 1 mm and 2 cm below a valve plane
of the heart.

8. The heart support system of claim 1, wherein the expan-
sion sleeve and the sensor sleeve each has a wall thickness of
between 0.1 mm and 2 mm.

9. The heart support system of claim 1, wherein the expan-
sion sleeve and the sensor sleeve are connected to each other
in a common edge region.

10. The heart support system of claim 9, wherein the con-
nected sleeves define a cavity therebetween, the cavity form-
ing a gap with a gap width of between 0.1 mm and 5 mm.

11. The heart support system of claim 10, wherein the
expandable chamber is at least partially disposed within the
cavity.

12. The heart support system of claim 1, wherein at least
one of the expansion sleeve and the sensor sleeve defines at
least one drainage aperture.

13. The heart support system of claim 1, wherein at least
one of the expansion sleeve and the sensor sleeve is coated
with at least one of an active pharmaceutical ingredient, an
extra-cellular matrix protein and a friction-reducing lubri-
cant.

14. The heart support system of claim 1, wherein at least
one ofthe expansion sleeve and the sensor sleeve is connected
to the sheath.

15. The heart support system of claim 1, wherein the sheath
comprises a lattice structure with a plurality of links connect-
ing at least one of the expansion sleeve and the sensor sleeve.

16. The heart support system of claim 15, wherein the
sheath has an edge with at least one loop, and wherein at least
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one of the expansion sleeve and the sensor sleeve has a flap
connected to the loop of the sheath.

17. The heart support system of claim 1, wherein the sensor
comprises an electrode positioned to produce an electrocar-
diogram.

18. The heart support system of claim 1, further comprising
an electrode positioned to stimulate the heart muscle by elec-
trical impulse.

19. The heart support system of claim 1, further comprising
a supply unit comprising:

a source of pressurized fluid; and

a pneumatic supply line extending from the pressurized

fluid source to the expansion chamber.

20. A method of supporting a heart, the method compris-
ing:

inserting a heart support system into a living body, the

support system comprising

a sheath sized to fit about at least a portion of an adult

human heart in a living body,

an expansion sleeve disposed within the sheath and sized to

fit about the heart, the expansion sleeve at least partially
defining an expandable chamber; and
a sensor sleeve disposed within the sheath and sized to fit
about the heart, the sensor sleeve carrying at least one
sensor electrically responsive to a heart parameter; and

surrounding at least a portion of a heart within the body
with the inserted heart support system.

21. The method of claim 20, wherein the sheath is expand-
able, and wherein inserting the heart support system com-
prises inserting the sheath into the body in a collapsed state
and then expanding the sheath to fit about the heart portion
once inside the body.

22. The method of claim 21, wherein inserting the sheath
first comprises:

inserting a catheter into the body and into the pericardium;

forming a sealed opening in the pericardium; and

inserting the expandable heart sheath into the body and into
the pericardium via the catheter.

23. The method of claim 20, further comprising pumping a
fluid into the expansion chamber, thereby increasing a pres-
sure of the sleeve against the heart.

24. The method of claim 20, wherein the heart support
system includes an electrical connector in electrical commu-
nication with the sensor, the method further comprising con-
necting the electrical connector to a voltage source.
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