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IMPLANTABLE DEVICE FOR THE 
LOCATIONALLY ACCURATE DELIVERY 
AND ADMINISTRATION OF SUBSTANCES 
INTO THE PERICARDIUM OR ON TO THE 

SURFACE OF THE HEART 

PRIORITY CLAIM 

0001. The present application claims priority to German 
patent application serial no. DE 1020152126994, filed Jul. 
7, 2015, the entire contents of which is incorporated herein 
by reference and relied upon. 

BACKGROUND 

0002. The invention is for use in the treatment of cardiac 
insufficiency, for example following previous myocardial 
infarction. It is intended to Support the pumping function of 
the heart, increase it or regenerate damaged heart tissue and 
hence to reduce insufficiency over the medium and long term 
or prevent the terminal stage being reached. 
0003 Cardiovascular diseases such as terminal cardiac 
insufficiency or myocardial infarction are the main cause of 
death worldwide (Behfar, A. and A. Terzic. Nature clinical 
practice Cardiovascular medicine 3 Suppl 1, pp. 78-82, 
2006). 32% of worldwide deaths are the result of cardio 
vascular diseases (World Health Statistics, http://apps.who. 
int?iris/bitstream/10665/81965/1/978924.1564588 eng.pdf 
(2013)2013). 40% of all deaths in Germany are attributable 
to cardiovascular diseases (German Federal Office of Sta 
tistics, https://www.destatis.de/DE/Publikationen/Thema 
tisch/Gesundheit/Todesursachen/Todesursachen.html, 
2013). In the USA, around a million people a year suffer a 
heart attack and six million Suffer resulting cardiac insuffi 
ciency; the direct and indirect costs of this are estimated at 
180 billion dollars a year (Christoforou et al., PloS One 8, 17, 
2013). The medical, Societal and economic implications are 
enormous and are set to increase worldwide over the coming 
years as a result of our growing prosperity, the lifestyle 
associated with it and demographic growth. 
0004 Cardiac insufficiency is described as a restriction of 
the pumping function of the heart. The primary symptom is 
reduced pumping performance of the heart. The deteriora 
tion in performance is compensated for by an increase in the 
volume of the heart. As a result, the thickness of the wall of 
the heart decreases, contractility falls and pumping perfor 
mance therefore declines further. This downward spiral 
culminates in heart failure or the failure of other organs 
owing to a lack of oxygen and nutrients. 
0005. The various manifestations of cardiac insufficiency 
can be treated through medication (for example through 
administration of beta blockers) or by carrying out an 
operation. The only treatment option for terminal cardiac 
insufficiency is a heart transplant. 
0006. However, there is a large demand for donor hearts 
and only insufficient Supply (Sasaki. D. and T. Okano, 
Embryonic Stem Cells—Recent Advances in Pluripotent 
Stem Cell-Based Regenerative Medicine, 65-80, 2011). 
Pacemakers can compensate for disruptions in stimulus 
conduction, prostheses can replace defective heart Valves 
and blood pumps (for example ventricular assist devices, 
VADs) can improve the performance of insufficient hearts. 
However, the above methods only delay the development of 
insufficiency, they do not stop it or cure the disease (Chris 
toforou et al., 2013). A treatment which addresses the 
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various causes of cardiac insufficiency is to Support the 
pumping function of the heart by means of an implant which 
exerts a mechanical pressure on the heart and thereby 
improves its pumping performance not only immediately but 
also over the medium and long term. 
0007 For example, cardiac insufficiency may develop as 
a result of a heart attack. In a heart attack, the Sudden closure 
of at least one coronary artery leads to the death of heart 
muscle cells. The limited ability of the damaged heart 
muscle tissue to regenerate prevents full and independent 
recovery. Instead, dead tissue is replaced by Scar tissue 
which is unable to contract. The pumping performance of 
the heart deteriorates and the spiral of degeneration 
described above begins. 
0008. There is a medical, societal and economic need to 
develop effective, regenerative forms of treatment which 
Support and increase the existing pumping function of the 
heart, prevent the formation of Scar tissue following a heart 
attack, promote the regeneration of heart muscle cells and 
consequently prevent terminal cardiac insufficiency and 
heart failure. 
0009 Previously known mechanical cardiac support 
devices are disclosed, for example, in US patents U.S. Pat. 
No. 5,749,839 B1 and U.S. Pat. No. 6,626,821 B1 and in 
WO application 00/25842. They disclose devices which 
have the disadvantage that their implantation requires an 
open-chest operation. They are also complex and can only 
be implanted by means of a complicated Surgical operation. 
They are integrated into the bloodstream of the patient. 
Improved centrifugal pumps or magnetically mounted 
impeller systems continually convey the blood. Contact 
between the blood and the exogenous surfaces of the sys 
tems is a considerable technical and medical challenge. 
Common complications of these systems are strokes, inter 
nal bleeding and infections. They often result in long-term 
hospitalization and frequent readmission of patients who 
have just been released from hospital. 
0010. Other known cardiac support devices, such as the 
devices disclosed in US 2008/0021266A1., DE 10 2009 043 
795 A1, US 2004/0267329 A1, US 2005/0107661 A1, US 
2006/0217774 A1, US 2007/0197859A1, US 2009/0036730 
A1, US 2011/0021864 A1, U.S. Pat. No. 8,944,987 B2 and 
EP 2482865 B1, have the disadvantage that no embodiments 
exist which prevent the spatial impairment of the inferior 
vena cava by the implanted device. The inferior vena cava 
opens from the back into the right atrium. Spatial impair 
ment of the inferior vena cava by the device would lead to 
inferior cava syndrome (obstruction of the filling of the right 
atrium). A further disadvantage of known cardiac Support 
systems is that no precautions are taken against dislocation 
of the device in relation to the heart. Dislocation leads to a 
poorer fit of the device to the heart and to a loss of support. 
Nor are any of these devices self-expanding, that is to say 
they can only be put into their target position, in which they 
surround the heart, with the aid of further devices. 
0011. Other known cardiac support systems, such as the 
devices disclosed in EP 2752208 A1, are self-expanding and 
have a recess which prevents the inferior vena cava or other 
anatomical features near the heart from being spatially 
impaired, but they lack the ability to administer Substances, 
Such as pharmaceutical active agents, locationally accurately 
and in a targeted manner onto the epicardium. 
0012 A promising approach to the regenerative treatment 
of ischaemic tissue after a heart attack is through treatment 
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with stem cells (Vizzardi, E. et al. J. Card. Surg., 53. 
685-689, 2012) or with what are referred to as growth 
factors (Korf-Klingebiel, M. et al., Nature Medicine 21, 
52-61, 2015). Under certain conditions, stem cells can 
identify cardiomyocytes and replaced dead cells (Sasaki and 
Okano, 2011). Stem cells have hitherto with little therapeutic 
success primarily been injected into the bloodstream (US 
2009/0285787 A1) or released in the coronary artery via a 
catheter (U.S. Pat. No. 8,372,054 B2, US 20070065414A1, 
US 20120157751 A1, US 20140072611 A1). Only a small 
proportion of cells (-3%) or other therapeutic substances 
reaches the target location (Hou, D. M. et al. Circulation 
112, 1150-1156, 2005). Injecting cells into the coronary 
artery can lead to the artery becoming blocked. All of the 
above methods work by releasing cells or therapeutic sub 
stances in the bloodstream which may lead to internal 
bleeding, infections, thrombus formation and hence heart 
attacks and strokes. Another form of administration is the 
injection of cells into the myocardium (U.S. Pat. No. 6,659, 
950 B2, US 20100168713 A1). Because of the movement of 
the heart, these methods carry a high risk of tissue or 
vascular damage and of wrongly administered injections 
without resulting in more successful treatment (Jawad, H., 
A. R. Lyon, S. E. Harding, N. N. Ali and A. R. Boccaccini, 
2008, Myocardial tissue engineering. British Medical Bul 
letin, 87, 31-47). In order to increase therapeutic efficiency, 
it is also often necessary to administer, in addition, chemical 
signalling Substances in a temporally and locationally 
defined manner, which is impossible using said methods. 
None of the disclosed devices can administer substances via 
an implantable device into the pericardial cavity or onto the 
surface of the heart. Nor can any of the disclosed devices 
deliver or remove substances already administered to the 
pericardial cavity after implantation. 
0013. A device which overcomes all of these disadvan 
tages is described here. The present invention relates to a 
device for Supporting and restoring the function of a heart. 
One aspect of the invention is a device for the locationally 
accurate delivery of substances onto the surface of the heart 
or into the pericardial cavity, which does not have the 
disadvantages of the known devices and/or methods for the 
administration of therapeutic Substances for the regeneration 
of ischaemic heart tissue after a myocardial infarction. The 
device may be implanted minimally invasively with the aid 
of a catheter. It is not inserted into any vascular system and 
therefore does not permanently come into direct contact with 
the blood, which considerably reduces the risk of infection, 
thrombus formation and internal bleeding compared to other 
systems for administering Substances for the regeneration of 
ischaemic tissue after a heart attack. The device may remain 
in the body for a certain amount of time and be explanted 
minimally invasively after treatment has come to an end. 

SUMMARY OF THE INVENTION 

0014. The device for administering a substance to a 
Surface of the heart comprises a frame structure, a sleeve, a 
Substance carrier and a Substance to be administered. The 
device may also comprise an expandable unit which is 
mounted at, in or on the sleeve. The expandable unit may 
also be part of the sleeve. The substance carrier may be 
mounted on the expandable unit or on the sleeve. Mounting 
the Substance carrier on the expandable unit allows admin 
istration of the substance with the simultaneous exertion of 
pressure onto the surface of the heart. 
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0015 The frame structure may be reversibly self-expand 
ing. It may be incorporated minimally invasively into the 
body and may at least partially Surround a heart in its 
expanded State. 
0016. The substance carrier may be a pocket. The sub 
stance to be administered may be inserted into the pocket. 
The substance may be inserted directly into the pocket or be 
applied to a carrier which is inserted into the pocket. 
0017. The pocket may have a removal area on the surface 
of the pocket facing the heart. In some embodiments, the 
removable area may be removed from outside the body after 
implantation of the device. The removable area may be at 
least partially biodegradable. The pocket may also comprise 
a permeable area. 
0018. The substance carrier may have a delivery line for 
filling and emptying the Substance carrier with a Substance 
to be administered. The Substance carrier may have a spongy 
or porous structure. This increases the Surface area and 
storage capacity of the Substance carrier. Such a structure is 
also advantageous when administering cells because cells 
adhere and/or proliferate better in such structures. 
0019. The sleeve may be affixed to the frame structure. 
The device may be implanted minimally invasively. The 
frame structure may also be made out of wire, in particular 
out of a wire comprising a shape memory alloy. 
0020. The substance to be administered may be a phar 
maceutical active agent. The Substance to be administered 
may additionally or alternatively comprise cells. 
0021 Embodiments of the present invention comprise a 
Supply unit. This may comprise a substance reservoir. 
0022. A further aspect of the invention relates to a device 
for implanting the device. The device for implanting may 
comprise a tubular delivery system. The tubular delivery 
system may have a distal end face which is slanted. This may 
facilitate implantation. 
0023. A further aspect of the invention relates to a device 
for explanting the device. The device for explanting may 
comprise a cylindrical tube, wherein the cylindrical tube is 
able to comprise a radial widening at the distal end. This 
explantation device is able to allow the removal of the 
implant minimally invasively from the pericardial cavity 
0024. A further aspect relates to a method for producing 
a device for the administration of a Substance onto a surface 
of the heart. The method comprises the steps of providing a 
frame structure, mounting a sleeve on the frame structure, 
mounting a Substance carrier and filling the Substance carrier 
with a substance to be administered. The substance carrier 
may be mounted on the sleeve. The device may comprise an 
expandable unit. The Substance carrier may be mounted on 
the expandable unit. 
0025. The device for the administration of a substance 
onto a Surface of the heart may comprise further compo 
nents. For example, lines may be provided for delivering and 
discharging the Substance to be administered. Mechanical 
forces may also be exerted on the administered substances or 
the epicardial heart surface of the myocardium. The forces 
may be built up by the expandable units. Alternatively or in 
addition, forces may be built up on the substance carrier 
which improve administration. 
0026. A further aspect relates to a motor unit which, by 
means of an electric motor, drives a pressure reservoir of 
variable volume in order to set the degree of expansion of 
the at least one expandable unit. 
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0027. Furthermore, some embodiments of the device 
according to the invention may be energetically passive, that 
is to say they function without any energy Supplied from 
outside and/or inside the body. 
0028. A further aspect of the device according to the 
invention is the fact that it may have devices which mini 
mize the risk of damage to the Surrounding tissue caused by 
pointed or sharp-edged components of the frame structure 
produced in the manufacturing process. 
0029. Further embodiments and advantages are disclosed 
in the detailed description. 

DESCRIPTION OF THE DRAWINGS 

0030 FIG. 1 shows a human torso with components of 
the implanted device having an extracorporeal Supply unit. 
0031 FIG. 2 shows an embodiment of the implant in the 
expanded and sealed State in which it partially Surrounds a 
heart and lies inside the pericardium. 
0032 FIG. 3 shows a section through a heart having an 
infarction which is held by an inflatable, pneumatic chamber 
and Substance carrier located thereon. 

0033 FIG. 4 shows a supply unit of an implant. 
0034 FIG. 5 shows a multiconnector with which the 
cable harness of an implant may be coupled to a Supply unit. 
0035 FIG. 6 shows the process for inserting a sluice into 
the pericardium. 
0036 FIG. 7 shows an assembly consisting of a sluice, a 
delivery system inserted into it and an embodiment of the 
implant inserted therein. The process for bringing the 
implant out into the pericardium is shown. 
0037 FIG. 8 shows a three-dimensional and an unrolled 
view of the expandable frame structure. 
0038 FIG. 9 shows a slotted tube with the pattern indi 
cated and the process for fitting the slotted tube onto a 
mandrel. 

0039 FIG. 10 shows an embodiment of an implant in 
which a Substance carrier in the form of a pocket is mounted 
on a pneumatic chamber on the inside of a sleeve. 
0040 FIG. 11 shows various possible embodiments of 
the Substance carrier. 

0041 FIG. 12 shows two general views of embodiments 
in which the substance carrier is coupled directly to the 
pneumatic chamber. 
0.042 FIG. 13 shows a substance carrier in the form of a 
filable and emptyable pouch mounted on the front of a 
pneumatic chamber. 
0.043 FIG. 14 shows various embodiments which serve 
to generate a tension in the Substance carrier. 
0044 FIG. 15 shows embodiments of an actuator unit for 
changing the degree of expansion of an expandable unit of 
the implant. 
0045 FIG. 16 shows a fully implantable embodiment of 
the device without a cable harness or Supply unit. 
0046 FIG. 17 shows various embodiments of end fittings 
and a frame structure geometry which minimize the risk of 
damage to the body tissue caused by the frame structure or 
the risk of the frame structure penetrating the sleeve at least 
partially Surrounding it. 
0047 FIG. 18 shows an apparatus for explanting the 
device minimally invasively during the explantation pro 
CCSS, 
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DETAILED DESCRIPTION 

0048 Embodiments of the invention comprise several 
components which are explained in more detail in the 
following sections, it being possible for embodiments of the 
individual components to be combined with one another. 
0049 FIG. 1 shows a human torso with an embodiment 
(1) of the device according to the invention in the implanted 
state. The implant (100) comprises a frame structure (1), a 
sleeve (2) inserted therein, at least one expandable unit 
(positioned on the sleeve (2) and/or the frame structure (1)) 
and at least one Substance carrier, at least one sensor and at 
least one electrode. Also ascribed to the implant (100) are a 
pericardium sluice (3), the implanted part of a cable harness 
(4) and pneumatic/hydraulic Substance lines and electric 
lines inside the body. The embodiment (1) of the device 
according to the invention also comprises a Supply unit (5). 
A control unit (6) and a monitoring unit (7) are also depicted. 
Embodiments of the device according to the invention may 
be implanted at least partially in a human body. However, it 
may also be implanted in the body of an animal. Embodi 
ments of the device according to the invention may be 
implanted in the body of a mammal, for example the body 
of a dog, cat, rodent, primate, artiodactyl, perissodactyl or 
marsupial. Depending on the species, special adjustments 
may have to be made to the shape and functioning of the 
implant (100), the cable harness (4) and the supply unit (5) 
in order to match the anatomy and/or physiology of the 
species concerned. The device comprises a frame structure 
(1) at least partially surrounding the heart (900). Also 
depicted is an encased cable harness (4) which exits from 
inside the body and is connected to a supply unit (5). Not 
depicted in FIG. 1 are, for example, a sleeve (2) that may be 
inserted into this frame structure (1) or further components 
that are mounted onto the surface of the sleeve (2) or are 
incorporated into it and may have a therapeutic effect. These 
are described elsewhere. 
0050. The frame structure (1) may be converted from a 
non-expanded State to an expanded State for the purposes of 
implantation, which may also be carried out minimally 
invasively. In the expanded State, the frame structure (1) may 
at least partially surround a heart (900). In the expanded 
state, the frame structure (1) may perform a shaping, posi 
tioning or stabilizing function or a combination thereof. In 
the non-expanded State, the frame structure (1) may be 
inserted into a delivery system. The frame structure (1) may 
be a single part or may alternatively consist of two, three, 
four, five, six or more parts. The frame structure (1), which 
consists of at least one wire or at least one strut, may be 
made at least partially out of a shape memory alloy. Mate 
rials for shape memory alloys are, for example, NiTi and 
NiTiFe (nickel-titanium and nickel-titanium-iron; nitinol), 
NiTiCu (nickel-titanium-copper), CuZn (copper-zinc), 
CuZnAl (copper-zinc-aluminium), CuAlNi (copper-alu 
minium-nickel), FeNiA1 (iron-nickel-aluminium) and 
FeMnSi (iron-manganese-silicon). The frame structure (1) 
may also consist of titanium or titanium alloys, tantalum or 
tantalum alloys, stainless steel, polymer, polymer fibre mate 
rial, carbon fibre material, aramide fibre material, glass fibre 
material or combinations thereof. The frame structure (1) at 
least partially surrounds the heart (900) in the implanted 
state and is located inside the pericardium. The frame 
structure (1) may also be mounted outside the pericardium. 
Such embodiments are not explained separately because the 
description applies to embodiments implanted both inside 
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and outside the pericardium (apart from the pericardium 
sluice (3) which is omitted in the case of an embodiment 
located outside the pericardium). The frame structure (1) 
may have at least one radiopaque marking with the aid of 
which the positioning and orientation of the frame structure 
(1) in relation to a heart (900) may be checked during and 
after implantation. The make-up of the frame structure (1) is 
explained in more detail in one of the following sections. 
0051. At least one sleeve (2) may be inserted into the 
frame structure (1). The sleeve (2) may be held by the frame 
structure (1). The sleeve (2) may be coupled to the frame 
structure (1). Alternatively, a frame structure (1) may be 
incorporated into a sleeve (2). The sleeve (2), the structure 
thereof and the coupling between frame structure (1) and 
sleeve (2) are explained in more detail in one of the 
following sections. Components with which a therapeutic 
effect may be achieved may be inserted into the frame 
structure (1) or into the sleeve (2). For example, the thera 
peutic effect may be achieved by exerting mechanical forces 
or by delivering Substances onto the epicardium (the Surface 
of the heart (900)). 
0052 FIG. 1 also shows a supply unit (5) which may be 
carried outside the body. The supply unit (5) may also be 
partially or fully implanted in the body. If the supply unit (5) 
is carried outside the body, it may be affixed to a chest strap, 
to a hip belt or to an abdominal belt. Alternatively, it may be 
carried in a holster or on/in a rucksack. Other forms of fixing 
or carrying are also conceivable. FIG. 1 also shows a cable 
harness (4) which connects the supply unit (5) to the frame 
structure (1), to a sleeve (2) and/or to components inserted 
therein. The cable harness (4) is depicted encased in the 
present embodiment. A detailed description of the cable 
harness (4) is provided in a Subsequent section. If the Supply 
unit (5) is carried outside the body, the cable harness (4) may 
enter the body at a given place. If the device with a frame 
structure (1), a sleeve (2), at least one expandable unit and 
at least one component for achieving a therapeutic effect is 
located inside the pericardial cavity (902), the cable harness 
(4) or parts thereof may be fed into the pericardial cavity 
(902). The cable harness (4) may be delivered to the point of 
entry into the body (905) and/or to the point of entry (903) 
into the pericardial cavity (902) through a pericardium sluice 
(3), which is explained in more detail in a Subsequent section 
of the description. 
0053. If the at least one component having a therapeutic 
effect that is inserted serves the at least locationally accurate 
delivery to and administration of Substances onto the Surface 
of the heart, at least one line may be located in the cable 
harness (4), said line allowing the Subsequent delivery 
and/or discharge of a Substance and/or a refilling of the 
Substance in the inserted component. 
0054 If the at least one inserted component having a 
therapeutic effect is intended to exert a mechanical force on 
the Surface of the heart, this requires the Supply of energy 
from the supply unit (5). If the energy is supplied in the form 
of pneumatic or hydraulic energy, the cable harness (4) may 
contain at least one fluid line to transport pressurized fluid. 
If electrical energy has to be supplied, the cable harness (4) 
may contain at least one electrical conductor. If the Supply 
unit (5) is carried outside the body, the electrical energy to 
be provided may alternatively also be conveyed to the 
device in the body wirelessly, for example using electro 
magnetic induction. 
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0055 Alternatively, substances may also be administered 
and mechanical force may be exerted on the Substance 
and/or the Surface of the heart using the inserted component. 
In this case, at least one line may be provided for Subse 
quently delivering and/or discharging a Substance and/or 
refilling the Substance and at the same time at least one fluid 
line or at least one electrical conductor may be provided. 
0056. If the device also contains at least one sensor, at 
least one electrode or at least one electrical load (for 
example a heating coil) in the frame structure (1), in the 
sleeve (2), in the at least one expandable unit or in the 
inserted component having a therapeutic effect, the at least 
one electrical line Supplying the at least one sensor, electrode 
or load may likewise be located in the cable harness (4). 
0057 There may be mounted, at the end of the cable 
harness (4), a plug part which may be connected to the 
Supply unit (5) via a couplable connection. Alternatively, a 
cable harness (4) with a plug part is provided only on the 
Supply unit (5). In this case, the connection couplable thereto 
is located on the implanted device. 
0058. The cable harness (4) may be a single continuous 
cable harness (4) or a multi-part cable harness (4). In the 
case of a multi-part cable harness (4), at least one further 
couplable pair of plugs may be located at an appropriate 
place in the cable harness (4). In the case of a multi-part 
cable harness (4), at least one part of the cable harness (4) 
may be removed and at least one part of the cable harness (4) 
may remain on the implanted device or the Supply unit (5). 
The removable part of the cable harness (4) may serve as an 
extension cable and may be used if required. The device may 
then also be used without the extension cable and the 
remaining plug parts may be coupled to one another so that 
the device may be operated. In the case of a multi-part cable 
harness (4), the individual cable harness pieces may be 
encoded, for example analogue-electronically, for example 
by means of a resistor, or digitally-electronically, for 
example using a ROM memory chip in the plug part. The 
Supply unit (5) may read the encoding of the cable harness 
(4) and, if necessary, make adjustments in operation of the 
device. Such adjustments may, for example, be an increase 
in the Supply of fluid required on account of the use of an 
extension cable. 

0059 Embodiments of the device according to the inven 
tion may also have separate cable harnesses (4) for the line 
for Subsequently delivering and discharging Substance, the 
fluid line or electrical line for Supplying energy to the 
inserted component having a therapeutic effect and/or the 
electrical line to provide energy for the at least one sensor, 
the at least one electrode or the at least one electrical load. 
If the supply unit (5) is connected directly to the at least one 
inserted component having a therapeutic effect, the at least 
one sensor, the at least one electrode or the at least one 
electrical load, a cable harness (4) may alternatively be 
omitted. 

0060. One part of the continuous or multi-part cable 
harness (4), of the individual cable harness (4) or of the cable 
harness (4) divided into several cable harnesses (4) may run 
inside the body and another part may run outside the body. 
That part of the cable harness (4) that is inside the body may 
be between 0 cm and 70 cm in length, or between 30 cm and 
60 cm in length. That part of the cable harness (4) that is 
outside the body may be between 0 cm and 90 cm in length, 
or between 50 cm and 80 cm in length. The diameter of the 
cable harness (4) may be between 4 mm and 25 mm, or 
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between 6 mm and 12 mm. The multi-part cable harness (4) 
may be advantageous compared to the continuous cable 
harness (4) because it is modular and therefore, for example, 
may allow a variable, possibly greater freedom of movement 
of the patient. 
0061 The cable harness (4) may be surrounded by a 
fabric at least partially along its longitudinal axis and at least 
partially circumferentially. The fabric may be porous, 
fibrous or rough. It may improve the engraftment of the 
cable harness (4) into the Surrounding conjunctive tissue and 
hence the mechanical anchoring of the implanted device 
according to the invention in the body. It may, for example, 
consist of felt, expanded PTFE, Dacron or another suitable 
biocompatible synthetic fabric. However, the material of the 
fabric may differ from this depending on the intended use. 
For example, an additional screening of the cable harness (4) 
from the environment may also be possible, for example in 
order to improve protection against irradiation and emis 
S1O.S. 

0062 FIG. 1 also shows an embodiment of a portable 
control unit (6) and a likewise portable monitoring unit (7). 
Embodiments of the device according to the invention may 
have a control unit (6) and a monitoring unit (7). It may also 
have just a control unit (6). It may also have just a moni 
toring unit (7). It may also have neither a control unit (6) nor 
a monitoring unit (7). The control unit (6) and/or the 
monitoring unit (7) may redundantly assume functions 
already assumed by the Supply unit (5). They may alterna 
tively also provide additional functions. 
0063. The control unit (6) may be designed as hardware 
with software played thereon. The hardware may provide 
here at least one communication interface, at least one 
display and/or also the ability to reproduce acoustic, visual 
or haptic signals. The Software played on this hardware may 
assume control, monitoring and communication functions. 
However, the external control unit (6) may alternatively also 
use third-party Supplier hardware and may merely be present 
in the form of a software package or an application (“app'). 
If the latter is the case, the communication interfaces pro 
vided by the third-party supplier hardware may be used in 
order to communicate with the information/control unit (6) 
or the Supply unit (5). Communication may be carried out 
here via a wireless P2P connection, a Bluetooth connection, 
a WLAN connection or some other wireless form of data 
transmission. Alternatively, communication may also be 
carried out using wires. The control unit (6) may also assume 
an additional or exclusive monitoring function. For example, 
the data gathered by the at least one sensor of the implant 
(100) may be sent to the control unit (6) via the supply unit 
(5) (or directly to the control unit (6)), assessed and dis 
played for the user in a form legible to humans. The user 
may be the patient here, but may also be a treating doctor or 
a technician. The control unit (6) may be designed so that the 
function of the device is guaranteed even if the control unit 
(6) fails. The control unit (6) may also have purely infor 
mative functions. 

0064. The monitoring unit (7) may also be a control unit 
(6). However, it may also carry out exclusively monitoring 
functions. It may be connected to the control unit (6), but 
also to the Supply unit (5) via one of the means of commu 
nication specified above. The monitoring unit (7) may be 
used in software form on hardware from third-party suppli 
ers and then use the communication interfaces thereof. 
However, as with the control unit (6), the monitoring unit (7) 
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may also be embodied as a separate piece of hardware with 
software played on it. The same functionalities may be 
carried out in respect of the software of the monitoring unit 
(7) as in the control unit (6). The monitoring unit (7) may, 
in particular, assume the function of quickly passing infor 
mation on to the user. In the embodiment shown, the 
monitoring unit (7) is affixed to the wrist of the user and may 
therefore be viewed quickly. In the event of a technical or 
medical emergency, which may be recorded by the Supply 
unit (5) or redundantly by the control unit (6) and/or the 
monitoring unit (7), this may be communicated to the 
environment (the user and their Surroundings) via the moni 
toring unit (7) and/or the control unit (6). It is possible here 
to provide both local notifications (of a visual, acoustic or 
haptic nature) and notifications which may be sent directly 
to certain places, for example the emergency doctor or a 
different third place. This enables the response time to be 
reduced in the event of an emergency. It is also conceivable, 
if the control unit (6) is a mobile telephone, for the emer 
gency doctor to communicate directly with the patient, a first 
aider or a doctor on site using this apparatus. The monitoring 
unit (7) may also measure at least one parameter of the body, 
for example the oxygenation of the blood or the person's 
pulse. The measurement of other parameters of the body is 
also conceivable. 

0065. The overall device, consisting of an implant (100) 
and a Supply unit (5) connected thereto, may also be 
implanted entirely in the body. Energy may be supplied here 
through electromagnetic induction from outside the body 
and so recharge the at least one accumulator or the at least 
one battery. An advantage of this embodiment is that it 
avoids any artificial body opening (905) that is required to 
lead the cable harness (4) from the implant (100) to the 
supply unit (5). The supply unit (5) may be implanted above 
the liver and the diaphragm in the chest cavity or laterally to 
the right under the diaphragm in the abdominal cavity. Other 
implantation sites are also conceivable. If the supply unit (5) 
is implanted under the diaphragm, the cable harness (4) may 
pierce through the diaphragm in order to be fed to the 
pericardium (901). 
0.066 FIG. 2 shows an embodiment of the implant in the 
implanted State. Depicted by way of example are a human 
heart (900), a frame structure (1), a sleeve (2), an expandable 
unit (21) with the associated line (213), a substance carrier 
(211), the substance administered thereon (212), sensors 
and/or electrodes with the associated wires, a fixing sleeve 
(41), a part of a cable harness (4), a pericardium sluice (3) 
and a fixing ring (42) of the implant. 
0067. The frame structure (1) in this embodiment is 
depicted as a wire framework. The frame structure (1) may 
be formed out of at least one wire. The frame structure (1) 
may also be formed out of two, three, four, five, six or more 
wires. The frame structure (1) may also be a structure 
consisting of struts. In this case, the frame structure (1) 
consists of at least one strut. The frame structure (1) may 
also be formed out of two, three, four, five, six or more 
struts. One function of the frame structure (1) may be to 
guarantee mechanical stability in the expanded State. A 
further function of the frame structure (1) may be to allow 
expansion from the non-expanded State to an expanded State. 
A further function of the frame structure (1) may be to 
stretch a sleeve (2) which may be affixed in or on the frame 
structure (1) in order to form it into a specific shape. The 
spaces in the frame structure (1) which are defined by the at 
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least one wire or the at least one strut may be openings in the 
frame structure (1). They may serve to increase flexibility, 
save weight or facilitate the exchanging of liquid from 
outside the frame structure (1) into its internal cavity and 
Vice versa. More detailed explanations of the make-up and 
details relating to the functioning of the frame structure (1) 
are provided in one of the following sections. 
0068 A sleeve (2) may be inserted into the frame struc 
ture (1). The sleeve (2) may be affixed to the frame structure 
(1). The inside or the internal face is defined as the side or 
surface of the sleeve (2) facing the heart in the implanted 
state of the device. The outside? external face is the corre 
spondingly opposite side? surface of the sleeve (2). The 
sleeve (2) may at least partially following the shape of the 
surface of a heart (900) or of a copy of a heart (900). The 
sleeve (2) may be designed to be patient-specific. In the 
implanted State, the sleeve (2) may at least partially surround 
part of a heart (900). The sleeve (2) may be affixed to the 
frame structure (1) such that the sleeve (2) is pulled over the 
edge of the frame structure (1) at the upper edge of the frame 
structure (1). In a further step, that part of the sleeve (2) that 
has been pulled over is connected to the part that has not 
been pulled over through openings present in the frame 
structure (1). The two parts may be welded, stitched or stuck 
together. Other methods of coupling, for example positive 
connections, are also conceivable. The sleeve (2) may also 
be affixed to the frame structure (1) through hanging from 
points provided for that purpose. At least one sensor and/or 
at least one electrode (23) may be mounted both on the 
inside of the sleeve (2) and on the outside of the sleeve (2). 
The sleeve (2) may consist of plastic, polymer, rubber, gum, 
latex, silicon or polyurethane. The sleeve (2) may have a 
thickness of 0.1 mm to 1 mm, preferably 0.2 mm to 0.5 mm. 
0069. The process for producing the sleeve (2) may be 
divided into a number of Subsidiary steps. The starting point 
for a patient-specifically formed sleeve geometry may be a 
medical image data record. The patient-specific heart geom 
etry may be extracted therefrom and transferred into a 
three-dimensional copy. This copy may form a model for the 
process of shaping the sleeve (2). In order to shape the sleeve 
(2), a moulding may be required which may be derived from 
the three-dimensional copy of the heart (900). The moulding 
may be milled from a single piece. Alternatively, it may also 
be produced using a 3D printing method from a three 
dimensional computer model. Alternative manufacturing 
methods for producing the moulding, Such as casting, are 
also conceivable. The sleeve (2) may surround a heart (900) 
and lie here at a specific distance from the surface of the 
heart. The distance may be between 0 mm and 3 mm, or 
between 0.4 mm and 2 mm. In order to create this spacing, 
the three-dimensional copy of the heart (900) may be scaled. 
The scale factor may be chosen here such that the distance 
between the surface of the heart and the sleeve (2) corre 
sponds to the value range specified above. The moulding 
may consist of a metal. The moulding may also consist of a 
plastic. Metallic materials may be aluminium and alu 
minium alloys, steel and steel alloys or copper and copper 
alloys here. Other metals may also be possible. In the case 
of an embodiment of the moulding made out of plastic, for 
example, polyurethane (PU), polyamide (PA) or polyethyl 
ene (PE) may be possible. Other plastics having suitable 
mechanical properties may also be possible. The moulding 
may already have characterizations for the position of at 
least one expandable unit (21), which simplifies the subse 
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quent process of mounting the at least one expandable unit, 
for example on manual production and mounting of the at 
least one expandable unit. It is also possible for places 
already to be provided on the moulding where delivery lines 
may start, for example for pneumatic actuation of the 
expandable units (21) or for delivery of the substance in the 
substance carriers (211) described in more detail in a sub 
sequent section. The sleeve (2) may be stretched over the 
moulding and becomes plastically deformable when the 
temperature is increased. The sleeve (2) may cling to the 
moulding and take on the shape of the moulding after 
cooling. The instructions for the positioning of the expand 
able units (21) and the starting points of the delivery lines 
may also be imprinted on the sleeve (2) in this way. Finally, 
a protrusion of the material of the sleeve (2) over the actual 
geometry of the sleeve (2) may be used to couple the sleeve 
(2) to the frame structure (1), for example by turning it inside 
out, in a Subsequent manufacturing step. 
0070 The sleeve (2) may be coupled to the frame struc 
ture (1). The coupling may be carried out at the upper edge 
of the frame structure (1) (where the previously described 
alternating wire or strut feed is provided), in particular by 
turning up the sleeve (2) and by coupling the sleeve (2) to 
itself through the openings in the frame structure (1). The 
sleeve (2) may be coupled to itself, for example, through 
adhesion, welding or Stitching. Other methods of connection 
which achieve the same effect are also possible. For 
example, the sleeve (2) may be suspended from points 
provided on the frame structure (1) for that purpose (for 
example at the ends of the alternating wire feed). In Such a 
case, the sleeve (2) may have at least one pocket which may 
be pulled over at least one loop or at least one stirrup. 
0071. The frame structure (1) may have an opening (26) 
at the lower end. Part of the sleeve (2) may penetrate through 
this opening (26), for example between 3 mm and 2 cm of 
the sleeve (2) may penetrate through. The sleeve (2) may 
also be open underneath, thereby improving the exchanging 
of liquid between the space inside the sleeve (2) and the 
space between frame structure (1) and pericardium (901) 
and vice versa. For example, pericardium liquid may flow in 
and out through the opening (26) in the sleeve (2). The upper 
edge of the frame structure (1) preferably runs parallel with 
the level of the heart valve and may have at least one area 
with at least one recess (12). The recess (12) in the frame 
structure (1) may be necessary owing to anatomical condi 
tions, for example in order not to spatially impair the inferior 
vena cava which runs from the back towards the right atrium 
of the heart (900). Spatial impairment of the inferior vena 
cava would lead to inferior cava syndrome (obstruction of 
the filling of the right atrium). A recess (12) may also be 
necessary on account of other anatomical or cardial struc 
tures. If the frame structure (1) is designed as a lattice or 
wire mesh, the recess (12) may be made through Subsequent 
detachment of struts or wires. Alternatively, a manufacturing 
method may also be chosen in which the recess (12) does not 
have to be produced afterwards. For example, in the case of 
frame structure (1) made out of a wire mesh, the wire 
winding may be adjusted so that the wires are chosen to be 
shorter at the site of the recess (12) and the crossing points 
move closer together. In the case of a frame structure (1) 
which consists of a lattice made out of a slotted tube, the 
recess (12) may be made through suitable cutting of the tube 
and correspondingly modified slotting. The slotting may be 
adjusted so that, despite the recess (12), the number of cells 
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in the frame structure (1) remains the same. This may be 
necessary for stability reasons. If more flexibility in the 
frame structure (1) is desired, the slotting of the tube may be 
modified such that one, two or three rows of cells are omitted 
at the site of the recess (12). The sleeve (2) may be adapted 
to the recess (12) and may itself have a recess (25) which 
coincides as far as possible. Along the upper edge of the 
frame structure, the recess (12) may have a length of 2 cm, 
3 cm, 4 cm, 5 cm, 6 cm, 7 cm or more. The depth of the 
recess (12), measured from the imaginary uninterrupted 
upper edge of the frame structure to the point of the recess 
(12) which lies closest to the apex of the heart, may be 
between 1 mm and 40 mm, in particular between 3 mm and 
15 mm. In the circumferential direction, the recess (12) is 
positioned where the inferior vena cava opens into the right 
atrium. The recess (12) may be curved, semicircular, rect 
angular or polygonal. The recess (12) may be sufficiently 
long that it corresponds to the circumference of the upper 
edge of the frame structure (1). The recess (12) may then 
begin and end at the point of the upper edge of the frame 
structure (1) which lies opposite the cardial structure to be 
left free, for example the inferior vena cava. This may result 
in the recess (12) defining a level which is tipped over with 
respect to the level of the heart valve and which comes to 
rest at the site to be left free 1 mm to 40 mm, in particular 
3 mm to 15 mm lower than if the upper edge of the frame 
structure (1) were to run parallel to the level of the heart 
valve. The sleeve (2) has a recess (25) which essentially 
corresponds to the recess (12) in the frame structure (1) in 
terms of its shape, position and dimensions and which leaves 
free the anatomical area around the inferior vena cava. 
Spatial impairment of the inferior vena cava through the 
sleeve (2) and the resultant obstruction of the filling of the 
right atrium is thereby prevented. The recesses (12, 25) in 
the sleeve (2) and frame structure (1) may be made to 
coincide with one another. 

0072 The frame structure (1) may have several markings 
As already described, these markings may be in various 
forms or positions. In the present embodiment, the markings 
may be made on the upper edge and at the lower end in the 
direction of the apex of the frame structure (1). 
0073. At the lower end of the frame structure (1), one, 
two, three, four, five, six or more extension struts (11) may 
be mounted on the frame structure (1). The extension struts 
(11) represent an extension of the frame structure (1) in the 
direction of the longitudinal axis of the heart. The extension 
Struts (11) may run in the direction of an imaginary apex of 
the heart, rest there or not rest and protrude from there away 
from the heart (900) in the direction of the longitudinal axis 
of the heart. The extension struts (11) may be gathered 
together in a joint fixing sleeve (41). The extension struts 
(11) and/or the fixing sleeve (41) may be connected to the 
cable harness (4) of the device, for example by gluing, 
welding or positive or non-positive anchoring. The exten 
sion struts (11) may serve to fix the frame structure (1) in the 
axial direction. The extension struts (11) only partially 
restrict the rotation of the frame structure (1) about the 
longitudinal axis of the heart. If the frame structure (1) is 
made out of a wire mesh, the extension struts (11) may 
represent the extended ends of wires. The extension struts 
(11) and the wire mesh may therefore be one part. If the 
frame structure (1) consists of a lattice that has been made 
out of a slotted tube, the lattice may be made using the 
extension struts (11) through suitable cutting out of just one 
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tube. The lattice and the extension struts (11) may therefore 
be one part. The extension struts (11) and the frame structure 
(1) may also be multi-part, whereby the extension struts 
(11), after production of the frame structure (1), are affixed 
thereto, for example through a suspension mechanism or 
through material bonding (welding, gluing). Alternative 
methods of coupling having the same or similar effect are 
also conceivable. The length of the extension struts (11) may 
be between 1 cm and 10 cm, in particular between 4 cm and 
7 cm. 
0074 The frame structure (1) may comprise only the 
recess (12) described above and no extension struts (11). 
Alternatively, the frame structure (1) may comprise both the 
recess (12) described above and the extension struts (11) 
described above. The frame structure (1) may also comprise 
only the extension struts (11) described above and no recess 
(12). 
(0075. At the lower end of the frame structure (1) there 
may be at least one extension strut (11) which fixes the frame 
structure (1) to the cable harness (4) in the axial direction 
and stabilizes the device. The at least one extension strut (11) 
may be coupled to the cable harness (4) of the device. 
Possible methods of coupling are sticking, clamping, mould 
ing, plug connection, Suspension or welding. Alternative 
methods of coupling are also conceivable. Part of the at least 
one extension strut (11) may also remain in a fixing sleeve 
(41) after implantation. 
0076. The implant (100) may also comprise a fixing 
sleeve (41). The fixing sleeve (41) is represented in the 
present embodiment as a hollow cylinder through which 
pneumatic/hydraulic, electrical and Substance lines may be 
fed from the distal end of the fixing sleeve (41) and bunched 
together in the cable harness (4) at the proximal end of the 
fixing sleeve (41). The cable harness (4) may be coupled to 
the fixing sleeve (41), for example by means of an adhesive 
connection (material bonding) or non-positive connection 
(for example by shrinking the cable harness sheath onto the 
fixing sleeve (41)). Other methods of coupling are also 
conceivable. 

0077. The fixing sleeve (41) and the cable harness (4) 
may alternatively also be coupled via an intermediate piece. 
This intermediate piece may, for example, consist of at least 
one segment which may allow an at least partially rotatory 
and/or at least partially translational relative movement 
between the cable harness (4) and the fixing sleeve (41). The 
advantage of Such indirect coupling is the virtually indepen 
dent settability of the orientation of the longitudinal axis of 
the frame structure (1) and of the fixing sleeve (41) and of 
the orientation of the cable harness (4). The intermediate 
piece may, for example, be designed as a ball joint. The 
intermediate piece may alternatively consist of a hose con 
struction comprising at least one segment. As the material of 
the intermediate piece, polymers, plastics or metals and 
metal alloys may be used. Other materials which meet the 
mechanical requirements (in particular with regard to fatigue 
strength) may also be used. 
0078 A fixing ring (42) interacting with the fixing sleeve 
(41) may also be used to seal the pericardium (901). 
Together with the fixing sleeve (41), the sluice and a fixing 
ring (42), the at least one axial extension strut (11) may form 
the device for closing the pericardium (901). The fixing ring 
(42) may, for example for stiffening purposes, have a core 
(421) consisting of a stiffer material than the rest of the 
fixing ring (42). Possible materials may be steel, nitinol or 
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a stiff polymer. Other materials are also conceivable. If 
alternative devices are used to seal the pericardium (901), 
for example through use of a multi-part pericardium sluice 
(3), at least part of the at least one extension strut (11) may 
also lie outside the pericardium (901) and at least part of the 
at least one extension strut may lie inside the pericardial 
cavity (902). If the device should have a force exerted on it 
away from the heart (900) in the direction of the longitudinal 
axis of the heart as a result of the expansion of the at least 
one expandable unit (21), some of this force may be dissi 
pated via the frame structure (1), the extension struts and the 
cable harness (4) without any resultant dislocation of the 
device. The extension struts (11) may have, at their ends, 
holes, stirrups, loops or angled ends which facilitate the 
minimally invasive explantation of the frame structure (1) 
and the sleeve (2). The angled ends, holes, stirrups or loops 
do not impede the fixing of the extension struts (11) in the 
fixing sleeve (41). They may be used for fixing or centring 
the extension struts (11) in the fixing sleeve (41). Upon 
implantation or during operation of the device, ends of the 
extension struts (11) may be located inside the cable harness 
(4) or inside the fixing sleeve (41). Implantation and explan 
tation of the implant are described in more detail in follow 
ing sections. 
0079 At least one expandable unit (21), for example in 
the form of a bellows-like chamber, may be mounted on the 
sleeve (2). The expandable unit (21) may be an actively 
expandable unit (21) or a passively expandable unit (21). A 
sensor and/or an electrode (23) may also be mounted on the 
sleeve (2). The sleeve (2) may be the underside of the 
expandable units (21). The expandable units (21) may be 
adjusted to the shape of the heart (900), the frame structure 
(1) and/or the sleeve (2). One, two, three, four, five, six, 
seven or more expandable units (21) may be mounted on the 
sleeve (2). When expanding, the expandable units (21) may 
exert a pressure on the heart muscle. This pressure is 
preferably exerted in areas of the heart muscle under which 
a heart chamber is located, preferably below the level of the 
heart valve. In another embodiment, the pressure may also 
be exerted above the level of the heart valve in the case of 
certain therapeutic uses. If the expandable units (21) are 
positioned in the lower area of the sleeve (2) and/or frame 
structure (1) near the apex of the heart, on expansion of the 
expandable units (21), the heart muscle is pressed in the 
direction of the longitudinal axis of the heart upwards to the 
level of the heart valve. If the expandable units (21) are 
arranged in the upper area of the sleeve (2) and the frame 
structure (1), on expansion of the expandable units (21), the 
heart muscle is pressed perpendicularly to the longitudinal 
axis of the heart. Pressure is then exerted on the heart muscle 
parallel to the level of the heart valve (laterally onto the 
ventricle). The expandable units (21) may also be positioned 
in any position between the lower edge and the upper edge 
of the sleeve (2) and frame structure (1), whereby the 
pressure of the expandable units (21) when they expand acts 
partly in the direction of the longitudinal axis of the heart 
and partly parallel to the level of the heart valve. On 
expansion of the expandable units (21), the pressure there 
fore acts as far as possible parallel to the level of the heart 
valve. The counterforce on the device in the direction of the 
longitudinal axis of the heart is therefore kept at a low level. 
Displacement of the device away from the heart in the 
direction of the longitudinal axis of the heart (dislocation) 
caused by expansion of the expandable units (21) is there 
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fore minimized. The self-expanding frame structure (1) and 
the sleeve (2) have recesses (12.25) in this depiction in order 
not to spatially impair the inferior vena cava in the implanted 
state of the device. The expandable units (21) may be 
adjusted in terms of their size, shape and position to the 
recesses (12, 25) in the frame structure (1) and the sleeve (2) 
so that they do not cover the recesses (12, 25) either in the 
expanded or in the non-expanded State. 
0080. The at least one expandable unit (21) may carry out 
various tasks. It may exert a temporally adjustable pressure 
on the surface of the heart which is preferably periodic or 
dependent on the current phase of the heart cycle. If the aim 
of exerting pressure is to increase the emission of blood, the 
expandable unit (21) may be an augmentation unit. The 
concept of augmentation may therefore be understood to 
refer to the Supportive increase or at least the changing of a 
heart parameter Such as the emission quantity. Alternatively, 
the at least one expandable unit (21) may also exert tempo 
rally variable pressure on the surface of the heart without the 
primary aim thereof being to increase the quantity of blood 
emitted. Instead, this kind may relate to an expandable unit 
(21) serving to position or stabilize the implant with respect 
to the heart (900). In both said cases, energy needs to be 
supplied in order to be able to set the degree of expansion of 
the at least one expandable unit (21). These may be active 
expandable units (21). Alternatively, the at least one expand 
able unit (21) may also manage without a Supply of energy. 
In this case, the at least one expandable unit (21) may have 
a previously settable degree of expansion and keep this 
irrespective of time. Such an expandable unit (21) may be 
regarded as a passive expandable unit (21). This kind of 
expandable unit (21) is described in more detail in a sub 
sequent section. 
I0081. The expandable unit (21) may be a mechanical unit 
which may have an expanded and a non-expanded configu 
ration. The at least one expandable unit (21) may also have 
configurations between the expanded and the non-expanded 
configuration. The at least one expandable unit (21) may 
serve to exert pressure on the surface of the heart. The at 
least one expandable unit (21) may serve to position a 
substance (212) or a substance carrier (211). The at least one 
expandable unit (21) may also serve to ensure contact 
between the surface of the heart and a substance carrier (211) 
or a substance (212) which is located on the surface of the 
expandable unit (21). The expandable unit (21) may also 
serve to produce a defined state of mechanical load in the 
substance (212) and/or in the substance carrier (211). 
I0082. The at least one expandable unit (21) may consist 
of the same material as the sleeve (2). The material of the at 
least one expandable unit (21) may also differ from the 
material of the sleeve (2). The material of the at least one 
expandable unit (21) may be a polymer. The material of the 
at least one expandable unit (21) may be polyurethane, 
silicone or polytetrafluoroethylene (PTFE). Other materials 
which are in principle able to meet the requirements of an 
expandable unit (21) are also conceivable. The at least one 
expandable unit (21) may be designed as an inflatable, 
bellows-like chamber. The chamber provided in the depicted 
embodiment is in the form of a set of bellows. Abellows-like 
chamber has at least one section in the form of a set of 
bellows. The expandable unit (21) may be a set of bellows 
that consists of one, two, three, four, five, six, seven or more 
pleats. The at least one expandable unit (21) may also differ 
from the form of a set of bellows. 
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0083. Such an expandable unit (21) may be operated 
through tensionable and releasable spring elements, foldable 
and unfoldable lever elements and/or an elastic, sponge-like 
or foam-like internal structure. The expandable unit (21) 
may also be actuated electrically, for example through at 
least one electromagnet. The at least one electromagnet may 
be affixed to one side of the expandable unit (21) or 
incorporated into a wall of the expandable unit (21). A 
ferromagnetic, paramagnetic material, for example in the 
form of wires, a thin plate or foil, or a further electromagnet 
may be placed on the Surface of an expandable unit (21) 
positioned opposite so that energization of the at least one 
electromagnet causes a change in the state of expansion of 
the expandable unit (21). Alternatively, spring elements, 
lever elements, electromagnets and/or ferromagnetic mate 
rials may be combined with one another in an expandable 
unit (21). For example, the expandable unit (21) may be 
expanded through one or more spring elements and energi 
Zation of the at least one electromagnet may lead to the 
mutual attraction of the sides lying opposite one another and 
hence to the return to a non-expanded State. The at least one 
expandable unit (21) may have a delivery line for Supplying 
energy which is required to change the expansion state. If the 
expandable unit (21) is operated electrically, for example 
electromagnetically, the line (213) for Supplying energy may 
be an electric cable. 
0084. Alternatively, the at least one expandable unit (21) 

is a chamber which may be filled with a fluid. As fluids 
which are suitable for filling the chamber, liquids, gases, 
Solids (for example nanoparticle mixtures) or mixtures of 
liquids and/or gases and/or Solids are possible. In this case, 
the expandable unit (21) has a delivery line through which 
the medium used to expand the at least one expandable unit 
(21) may be fed. The at least one expandable unit (21) may 
have a discharge line through which the medium used to 
expand the at least one expandable unit (21) may be dis 
charged. A line (213) may also be provided for delivering 
and discharging the medium used for expanding the at least 
one expandable unit (21). 
0085. The at least one expandable unit (21) may be 
affixed to the inside of the sleeve (2). The expandable unit 
(21) may also be affixed to the outside sleeve (2). The at least 
one expandable unit (21) may be mounted in any desired 
area of the outside or inside of the sleeve (2). 
I0086. The area of the surface of the heart which may 
require the use of the at least one expandable unit (21) may 
be in a different place depending on the individual patient 
concerned. The free positionability of the at least one 
expandable unit (21) serves to adapt the implant to the 
individual geometry of the heart to be treated. 
0087. The at least one expandable unit (21) may be in the 
form of a chamber. The chamber may be bellows-like. A 
bellows-like chamber has at least one section in the form of 
a set of bellows. A pleat may be defined as an outwardly 
directed fold line. A pleat may be defined as an inwardly 
directed fold line. One, a number or all of the fold lines may 
be strengthened. Strengthening of a fold line is advanta 
geous because the fold line may be exposed to increased 
loads as a result of the expanding and contracting of the 
chamber. Strengthening one or more fold lines may reduce 
or prevent material fatigue along the at least one fold line. 
Strengthening of a fold line may be achieved through a 
greater wall thickness of the material at the fold line. A fold 
line may also be strengthened by applying additional mate 
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rial, wherein the applied material may be the same material 
as the material underneath or wherein the applied material 
may be a different material from the material underneath. A 
chamber may have a top, an underside and a side Surface, 
wherein the side surface is preferably designed in the form 
of a set of bellows. The top and/or underside may be oval, 
circular, elliptical or polygonal. The top may be a different 
shape than the underside. 
I0088 A bellows-like chamber may be provided in a 
frame structure (1) as described above. The chamber may be 
affixed or attached directly in the frame structure (1). The 
chamber may be affixed to structural elements of the frame 
structure (1), such as a wire of a wire mesh, a strut of a lattice 
or a structure on a frame structure sheath. The chamber may 
be affixed to crossing points of a mesh or lattice. 
I0089. The bellows-like chamber may also be affixed to 
the sleeve (2). A plurality of bellows-like chambers may be 
affixed to the sleeve (2). The sleeve (2) may be at least partly 
in the shape of a heart (900). The sleeve (2) may have a 
shape similar to the frame structure (1). The sleeve (2) may, 
in addition to one or more augmentation units, such as one 
or more bellows-like chambers, also have one or more 
positioning units. The underside of the chamber may be 
made out of the same material as the sleeve (2). The sleeve 
(2) may be part of the chamber. The sleeve (2) may form the 
underside of the chamber. In such cases, only the side 
surfaces which may be bellows-like are mounted on the 
sleeve (2). A top may also be provided. The top may also be 
a sleeve (2), but may also be a top embodied as a separate 
component. The at least one line (213) which supplies the at 
least one expandable unit (21) may be defined, like the 
chamber, at least partly also using the sleeve (2) as the back 
and a front provided, for example, through adhesive or 
welded connection. The at least one line (213) may alter 
natively also be a completely separate, hose-like component. 
0090 The at least one expandable unit (21) may have at 
least one sensor and/or at least one electrode (23). This 
sensor may preferably be mounted on a surface of the at least 
one expandable unit (21) facing the heart (900). However, 
the sensor may also be mounted somewhere else on the at 
least one expandable unit (21). The sensor may be a tem 
perature sensor, a pressure sensor, a pH sensor, an oxygen 
sensor, a CO, sensor, an optical sensor or a conductivity 
sensor. Alternatively, the at least one sensor may also serve 
as an impedance sensor for monitoring the adhesion of cells 
or cell cultures applied to the at least one expandable unit 
(21) or for monitoring contact with the epicardium. The 
electrode (23) may also be a sensor. The advantage of 
providing the at least one sensor and/or the at least one 
electrode (23) is that, with the aid of the at least one 
expandable unit (21), constant contact of the at least one 
sensor and/or the at least one electrode (23) with the surface 
of the heart may be guaranteed. 
0091. The position and/or shape of the at least one 
expandable unit (21) may be described in the form of 
coordinates in three-dimensional, Euclidean space so that 
these coordinates correspond to points on the Surface of the 
sleeve (2) and may therefore be interpreted and used, for 
example, by machine tools such as milling machines, 3D 
printers, industrial adhesion robots or laser cutting 
machines. These coordinates may be determined using the 
three-dimensional image data of the heart (900), for example 
from a CT data set. For example, the position and/or shape 
of the at least one expandable unit (21) may therefore be 
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adjusted to the position and/or shape of an anatomical 
structure or the position and/or shape of a pathological 
change in the heart (900), for example caused by a myo 
cardial infarction. The at least one expandable unit (21) may 
at least partially cover the site of a myocardial infarction or 
may be positioned in the immediate spatial vicinity of the 
site of the infarction (the “border Zone'). 
0092. The sleeve (2) may comprise at least one sensor 
and/or at least one electrode (23) for measuring a parameter 
of the heart (900) or for stimulating the heart (900). A more 
detailed explanation is provided in a Subsequent section. The 
at least one electrode (23) may be made out of nitinol which 
increases its deformability and may therefore be advanta 
geous for the minimally invasive insertion of the implant in 
the non-expanded configuration. Other common electrode 
materials are also conceivable. For example, the electrode 
(23) may also have a coating to improve its electrical 
properties which may be advantageous, in particular, when 
measuring at least one parameter of the heart (900). 
0093. At least one substance carrier (211) may be inserted 
into the sleeve (2). The at least one substance carrier (211) 
serves to store at least one substance (212) which may have 
at least one therapeutic effect. The substance (212) may be 
provided as a liquid, gel, in paste form, as a solid or in a 
combination thereof, for example as an emulsion or Suspen 
Sion. The Substance (212) may partly consist of a liquid 
and/or a solid and/or animal or human cells and/or proteins 
and/or a gas. The at least one therapeutic effect of the 
substance (212) may be antithrombotic, antiproliferative, 
anti-inflammatory, antineoplastic, antimitotic, antimicrobial, 
anticoagulant, cholesterol-lowering or a combination 
thereof. The substance (212) may contain a biofilm synthesis 
inhibitor, an antibiotic, an antibody, a beta blocker or com 
binations thereof. The substance (212) may contain living 
biological cells. The Substance (212) may contain proteins 
and/or active agents which enable living biological cells to 
Survive and/or may influence cell activity and hence thera 
peutic efficiency. The proteins and/or chemicals may be 
encapsulated in micro- and/or nanoparticles which allow the 
encapsulated proteins and/or chemicals with defined release 
kinetics for targeted release of proteins and/or chemicals. 
The at least one substance carrier (211) may be positioned 
and affixed on an expandable unit (21). The at least one 
substance carrier (211) may also be positioned and affixed 
directly on the sleeve (2). The area of positioning of the at 
least one substance carrier (211) either on the at least one 
expandable unit (21) or the surface of the sleeve (2) is 
entirely optional. The free choice of location in which to 
position the at least one substance carrier (211) enables the 
patient-specific adjustment of the implant. The position and 
shape of the substance carrier (211) may be based, for 
example, on the site of any heart disease, for example a 
myocardial infarction. The Substance carrier (211) may at 
least partially cover the site of a myocardial infarction or 
may be positioned in the immediate spatial vicinity of the 
site of the infarction (the “border Zone'). The advantage of 
positioning the at least one substance carrier (211) in the 
border Zone may be that this region has living tissue. In the 
case of a substance (212) which adheres well to the sleeve 
(2) or the expandable units (21), direct application in the 
form of a spread or a coating may also be considered, 
rendering the Substance carrier (211) unnecessary in this 
embodiment. The border Zone may, for example, be pre 
marked or outlined on the sleeve (2) (if applicable with a 
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certain tolerance) so that the Substance (212) may be applied 
in a targeted manner in this location. This may prevent 
administration in the wrong place. The Substance carrier 
(211) in the present embodiment is represented as a foil-like 
component affixed to the at least one expandable unit (21). 
The substance carrier (211) may be flat in shape. The 
substance carrier (211) may have a thickness of between 
0.01 mm and 5 mm, between 0.05 mm and 2 mm, and 
preferably between 0.2 mm and 1.5 mm. That surface of the 
substance carrier (211) facing the heart (900)—the end face 
of the substance carrier (211)—may be at least partially 
circular, elliptical, rectangular or polygonal. The at least one 
Substance carrier (211) may be patient-specific (with respect 
to geometry and therapeutic effect, for example in the 
dosage of the at least one active agent) and may be adjusted, 
for example, in terms of its size, taking account of anatomi 
cal features or the size and structure of a pathological change 
in the heart tissue or the shape of the at least one expandable 
unit to which the substance carrier (211) may be affixed. The 
fixing of the at least one substance carrier (211) to the at least 
one expandable unit (21) or the sleeve (2) is carried out 
through positive coupling, non-positive coupling and/or 
material bonding. In the case of positive connection, the 
coupling may be carried out through hooks, eyelets, buttons, 
loops or at least one Velcro fastening and/or Zip. At least one 
hook and at least one eyelet, at least one hook and at least 
one loop, at least one button and at least one complementary 
positive locking element or at least one hook and at least one 
further hook may be the connection partners here. In the case 
of a non-positive connection, the at least one Substance 
carrier (211) may be connected in a frictionally engaged 
manner by means of filamentary or lamellar extensions to 
likewise filamentary or lamellar extensions on the at least 
one expandable unit (21) or the sleeve (2). In the case of a 
materially bonded connection, the connection between the at 
least one substance carrier (211) and the at least one expand 
able element or the sleeve (2) may be carried out by gluing, 
Vulcanization or welding. In the present embodiment, the 
Substance (212) may be a gel or a paste and may be applied 
to the end face of the substance carrier (211). The substance 
(212) may be applied to the end face of the substance carrier 
(211) by gluing, spreading, brushing or spraying. Other 
methods of application are also conceivable. 
0094. The substance carrier (211) may also differ from 
the flat shape. The substance carrier (211) may be designed 
as a container, or else as a pouch or pocket. The Substance 
carrier (211), in its embodiment as a pouch or pocket, may 
receive, hold and release the substance (212) to be admin 
istered. The substance (212) may be inserted into the sub 
stance carrier (211) and removed again in the implanted 
state. It may also be inserted into the substance carrier (211) 
in the non-implanted State and may remain in the Substance 
carrier (211) or be removed again any time up until explan 
tation of the implant. A more detailed description is provided 
in a Subsequent section. 
0.095 The sleeve (2) may also comprise at least one 
sensor and/or at least one electrode (23) with the aid of 
which at least one parameter of the heart (900) may be 
detected, for example the heart rate, the ventricular pressure, 
the contact force between the wall of the heart and an 
expandable unit, the systolic blood pressure or the diastolic 
blood pressure. The at least one sensor may also serve to 
determine various parameters in the Substance carrier (211) 
and/or the surroundings of the substance carrier (211). The 
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at least one sensor may be a temperature sensor, a sensor for 
detecting mechanical forces acting on the Substance carrier 
(211) or a sensor for determining the concentration of 
Substances influencing the conductivity, Substances influ 
encing the pH value, and Substances influencing the oxygen 
and CO, content in the substance carrier (211) and/or the 
surroundings of the substance carrier (211). The at least one 
sensor may also be able to measure the pressure exerted by 
an expandable unit (21) on a surface, the pH value, the 
oxygenation, the electrical resistance, the osmolarity of a 
solution or the flow rate through a vessel. The at least one 
sensor may be mounted in, at or on the frame structure (1). 
The at least one sensor is preferably affixed to the sleeve (2) 
which may be inserted into the frame structure (1). The at 
least one sensor may also be an electrode (23). 
0096. The cables (221) may be designed as conducting 
paths. The conducting paths of the at least one sensor and/or 
of the at least one electrode (23) may be mounted at least 
partially on the sleeve (2). For example, the conducting 
paths may be mounted on foils of polyimide (PI), for 
example through vapour deposition or sputtering. Other 
methods of mounting or removal which allow conducting 
paths to be formed are also conceivable. Alternatively, 
conductive sensor cables and/or electrode cables or sensor 
conducting paths and/or electrode conducting paths may be 
glued onto the sleeve (2) or welded in it. The conducting 
paths may consist at least partially of nitinol here. The at 
least one electrode (23) may consist of the same material as 
the conducting paths. As another alternative, the conducting 
paths and/or the at least one electrode (23) may also consist 
of conductive electrographic ink and be printed onto the 
sleeve (2). Alternatively, the conducting paths of the at least 
one sensor and/or the at least one electrode (23) may also be 
fed without coupling to the sleeve (2) inside or outside the 
sleeve (2) in the direction of the fixing sleeve (41) and cable 
harness (4). 
0097. The at least one electrode (23) may be able to 
stimulate areas of the heart (900) and/or measure the poten 
tial for action in the heart muscle during the stimulation 
process. In particular, the at least one electrode (23) may be 
able to stimulate the heart muscle with the aid of electrical 
impulses. Electrical stimulation may incite a heart muscle to 
contract. The at least one electrode (23) may be a pacemaker 
electrode. The electrode (23) may be an extracardial stimu 
lation electrode. The heart muscle may be stimulated with an 
electrode (23) before, during or after any support of the 
pumping function of the heart (900) by a frame structure (1) 
with at least one expandable unit (21). The at least one 
electrode (23) may also carry out a defibrillation function. 
The at least one electrode (23) may be in the form here of 
a flat, conductive patch which may be located at points on 
the surface of the heart which are suitable for defibrillation. 
An advantage of a patch may be the flat structure of an 
electrical field, the field lines of which are designed to be 
straighter than in rod-like or punctiform electrode geom 
etries. Alternatively, the frame structure (1) may also func 
tion as an electrode (23). In this case, at least one further 
electrode (23) must be provided. The expansion of an 
expandable unit (21) may take place before, during or after 
any stimulation with an electrode (23). The device for 
supporting the functioning of a heart (900) may only be 
operated with at least one expandable unit (21) or only 
through stimulation with at least one electrode (23). Simul 
taneous operation of the at least one expandable unit (21) 
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and the at least one electrode (23) may be synchronous or 
asynchronous. The at least one electrode (23) may also be 
used as a sensor. The at least one sensor and/or the at least 
one electrode (23) may comprise at least one electric cable 
(221). The at least one cable (221) may be incorporated into 
the sleeve (2). The at least one cable (221) may also be a 
conducting path insulated from the Surroundings. The elec 
trically conductive material may be mounted on the sleeve 
(2) and also insulated. The at least one cable (221) may be 
coupled to the sleeve (2), welded into the sleeve (2) or stuck 
to the sleeve (2). Depending on the position of the at least 
one sensor and/or the at least one electrode (23), the at least 
one cable (221) may run on the outside or the inside of the 
sleeve (2). The at least one cable (221) may also be fed 
through an opening (26) provided in the sleeve (2) for that 
purpose and fed along on the outside in the case of at least 
one sensor and/or at least one electrode (23) lying on the 
inside of the sleeve (2). The at least one cable may also be 
fed through an opening (26) provided in the sleeve (2) for 
that purpose and fed along on the inside in the case of at least 
one sensor and/or at least one electrode (23) lying on the 
outside of the sleeve (2). 
0098. The sleeve (2) may have an opening (26) at the 
lower end. This opening (26) may serve to feed out from 
inside the sleeve (2) the extended ends of the at least one 
wire or of the at least one strut in the case of an embodiment 
in which the frame structure (1) lies inside the sleeve (2). 
This opening (26) may serve to feed the at least one line 
(213) of the at least one expandable unit (21), in the case of 
an embodiment in which the at least one expandable unit 
(21) is affixed on the inside of the sleeve (2), outwards from 
inside the sleeve (2). This opening (26) may serve to feed the 
at least one cable (221) of the at least one sensor and/or of 
the at least one electrode (23) from inside the sleeve (2) in 
the direction of the fixing sleeve (41) onto the outside of the 
sleeve (2). This opening (26) may serve to facilitate the 
exchanging of Substances (212) between the outside and the 
inside of the sleeve (2). 
0099. The frame structure (1) may have at least one 
radiopaque marking (24) with the aid of which the position 
ing and orientation of the frame structure (1) in relation to 
a heart (900) may be checked during and after implantation. 
Alternatively, the at least one radiopaque marking (24) may 
serve to set and monitor the desired position of the frame 
structure (1) which is favourable for implantation in the state 
inserted into a delivery system. Detailed explanations 
regarding the delivery system are provided in another sec 
tion. 

0100 FIG. 2 also shows a pericardium sluice (3) which 
allows the implant to be inserted into the pericardium (901). 
The pericardium sluice (3) produces a feed channel for the 
implant (100) by delimiting a lumen from the surrounding 
tissue. The pericardium (901) is a sac made out of conjunc 
tive tissue which surrounds the heart (900) and allows the 
heart (900) free movement through a narrow sliding layer. In 
the pericardial cavity (902) there is serous fluid, which is 
also referred to as liquor pericardii. In order that this liquor 
pericardii cannot flow out through a Surgical opening (903) 
in the pericardium (901) made during implantation of the 
implant and so that no other liquids or Solids (such as cells, 
proteins, foreign bodies, etc.) can gain access to the peri 
cardial cavity (902), a pericardium sluice (3) may be inserted 
at least partially through the surgically made opening (903) 
in the pericardium (901). The pericardium sluice (3) may 
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close and seal the surgical opening (903) made in the 
pericardium (901) for insertion of the implant into the 
pericardial cavity (902). The pericardium sluice (3) may 
have an internal lumen through which parts of the device 
according to the invention may protrude. After the device 
has been implanted, for example, a fixing sleeve (41) or part 
of the cable harness (4) may be located in the pericardium 
sluice (3) and remain there for the duration of the implan 
tation. The pericardium sluice (3) seals the Surgical opening 
(903) made in the pericardium (901) for the cable harness 
(4). The pericardium sluice (3) may be designed as a single 
part. The pericardium sluice (3) may also be designed as two 
parts or as multi-part. The pericardium sluice (3) may be 
rotationally symmetrical in shape. The pericardium sluice 
(3) may also be of asymmetrical shape. The pericardium 
sluice (3) may be located at least partially inside the peri 
cardial cavity (902). The pericardium sluice (3) may be 
located at least partially outside the pericardium (901). 
0101 The pericardium sluice (3) may consist of a single 
material. The pericardium sluice (3) may also consist of at 
least two materials. The material of the pericardium sluice 
(3) may be at least one polymer. The pericardium sluice (3) 
may consist of plastic, polymer, rubber, gum, latex, silicone, 
polyurethane (PU) or polytetrafluoroethylene (PTFE). The 
pericardium sluice (3) may consist at least partially of a 
metal or a metal alloy. The pericardium sluice (3) may 
consist at least partially of a shape memory alloy. The 
pericardium sluice (3) may consist at least partially of 
nitinol. The pericardium sluice (3) may consist of a combi 
nation of at least two of said materials. 

0102) An embodiment of the pericardium sluice (3) is 
shown in cross section in FIG. 2. The embodiment is in two 
parts. It comprises the device for producing the lumen and 
a sealing ring outside the pericardium (901). The pericar 
dium sluice (3) may comprise at least two components, but 
may also consist Solely of the device for producing the 
lumen. The pericardium sluice (3) in this embodiment has 
two different ends. One end of the pericardium sluice (3) has 
a sealing lip (31) which may be annular. The other end of the 
pericardium sluice (3) has no sealing lip (31) in this embodi 
ment. Alternatively, the pericardium sluice (3) may also 
have a sealing lip (31) at both ends. The material of the 
sealing lip (31) may be the same as the material of the rest 
of the pericardium sluice (3). The material of the sealing lip 
(31) may be different from the material of the rest of the 
pericardium sluice (3). The material of the sealing lip (31) 
may be plastic, polymer, rubber, gum, latex, silicone, poly 
urethane (PU) or polytetrafluoroethylene (PTFE). The seal 
ing lip (31) of the pericardium sluice (3) may consist at least 
partially of a metal or a metal alloy. The sealing lip (31) of 
the pericardium sluice (3) may consist at least partially of a 
shape memory alloy. In addition to the sealing effect, the 
sealing lip (31) may also have a mechanically stabilizing 
effect in the radial and circumferential directions. Stiffness 
in the radial and circumferential directions may be set 
through the thickness of the sealing lip (31). The thickness 
of the sealing lip (31) may be between 1 mm and 10 mm. 
The thickness of the sealing lip (31) may be between 3 mm 
and 6 mm. The sealing lip (31) may have a self-retaining 
effect. In its implanted form, the upper end of the pericar 
dium sluice (3) may be supported with the sealing lip (31) 
against the inside wall of the pericardium (901). Through the 
tapering of the pericardium (901) towards the apex of the 
heart, a mechanical self-retention may occur between the 
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pericardium sluice (3) and the pericardium (901) and 
increase the sealing effect and the mechanical stability and 
positional accuracy of the pericardium sluice (3). 
0103) The core of the sealing lip (31) may be made out of 
a different material to the sheathing placed around the core 
of the sealing lip (31). At least one part of the core of the 
sealing lip (31) may be formed out of spring steel or a shape 
memory alloy and the sheathing of the core may be made out 
of a polymer. In the case of an embodiment of a pericardium 
sluice (3) having a core of the sealing lip (31) made out of 
metal or a metal alloy, the material of the sheathing of the 
core of the sealing lip (31) may differ from the material of 
the core of the sealing lip (31). In the present embodiment 
of the implant, the device for producing the lumen consists 
of one material, preferably of a polymer. The end with the 
sealing lip (31) is located inside the pericardial cavity (902) 
in this embodiment. It is in contact with the inside wall of 
the pericardium (901) there. The sealing lip (31) guarantees 
the sealing effect and stops liquid getting out of the peri 
cardium (901) or substances entering the pericardial cavity 
(902). The self-expanding implant (100) may be inserted 
into the pericardial cavity (902) through the pericardium 
sluice (3). As a result, that end of the cable harness (4) with 
the fixing sleeve (41) which is near the frame structure (1) 
is located in the pericardium sluice (3). A sealing connection 
may be made between the fixing sleeve (41) and the peri 
cardium sluice (3). In the present embodiment, the sealing 
effect is produced through a sealing ring pulled over the 
pericardium sluice (3). The seal between the pericardium 
sluice (3) and the fixing sleeve (41) may also be made 
possible by other means. The sealing effect may alterna 
tively be produced by stitching the pericardium sluice (3) to 
the fixing sleeve (41), clamping the pericardium sluice (3) 
by means of a clamp, a clip or by means of at least one cable 
tie, which may be positioned around the fixing sleeve (41) 
and the pericardium sluice (3) lying opposite. The sealing 
effect may also be produced through the pericardium sluice 
(3) alone or through part of an embodiment of the pericar 
dium sluice (3). The sealing effect may in this case be 
produced by Suturing, knotting together or welding the 
lower end of the pericardium sluice (3). The full sealing of 
the surgical opening (903) made in the pericardium (901) 
may be provided at at least two interfaces: between pericar 
dium (901) and pericardium sluice (3) and between pericar 
dium sluice (3) and Surroundings or pericardium sluice (3) 
and fixing sleeve (41). Additionally, the pericardium sluice 
(3) can also facilitate explantation because it effectively 
reduces the surface area between the implant and the peri 
cardium (901), thus reducing adhesions between them. 
0104 FIG. 2 shows the pericardium sluice (3) in its 
configuration after insertion of the implant into the pericar 
dial cavity (902). The process of inserting the pericardium 
sluice (3) is explained in more detail in a Subsequent section. 
0105. An alternative embodiment of the implant may also 
be designed without the frame structure (1). This may be the 
case if no mechanical augmentation of the myocardium is 
required. Alternatively, the implant (100) may be designed 
without the sleeve (2) but with a frame structure (1). This 
may be advantageous if the mechanical Supporting effect of 
the frame structure (1) is primarily intended to be used. 
0106 Other alternative embodiments may consist exclu 
sively of the frame structure (1) and/or the sleeve (2) and at 
least one expandable unit (21). Such embodiments may 
therefore be implantable in their entirety. This has the 
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advantage that the risk of inflammation is reduced because 
no cable harness (4) exits from inside the body. The at least 
one expandable unit (21) may, for example with the aid of 
at least one spring element, set or maintain a certain degree 
of expansion, whereby, for example, permanent contact of a 
Substance carrier (211) mounted on the at least one expand 
able unit (21) with the surface of the heart may be guaran 
teed. The spring element may consist of polymer or plastic, 
metal or metal alloys or a shape memory material. In the 
case of embodiments which have no spring element, the 
expandable unit (21) may also be operated pneumatically/ 
hydraulically. For example, a constant or a temporally 
variable degree of expansion may be set. Instead of at least 
one expandable unit (21), a passive silicone patch may also 
be used. The implant (100) may be designed to be self 
Sufficient and without any energy Supply from outside the 
body. Alternatively, the implant (100) may also be connec 
tionless, for example Supplied with energy through induc 
tion. 

0107 A further embodiment may consist solely of at least 
one sleeve (2), which may be provided with a therapeutic 
substance (212). Such an embodiment may be implanted in 
a very space-saving manner. An advantage of Such an 
embodiment may be that it manages without a cable harness 
(4) or pericardium sluice (3). 
0108 FIG. 3 shows a section through a heart (900) 
around which is placed an embodiment of the implant (100) 
which is in turn surrounded by the pericardium (901). In the 
wall of the heart, infarction tissue (904) is schematically 
distinguished from intact tissue of the heart (900). An 
expandable unit (21) may be positioned Such that it com 
pletely covers a limited part of the surface of the heart (900) 
which lies directly above the infarction area. The expandable 
unit (21) is shown in this exemplary embodiment as an 
inflatable, bellows-like chamber. The expandable unit (21) 
may also differ from the form of a set of bellows. The 
underside of the expandable unit (21) is formed from part of 
the sleeve (2) in this embodiment. The underside of the 
expandable unit (21) may also be designed separately and 
then affixed to the sleeve (2), for example through gluing, 
welding or Vulcanisation. With the aid of the expandable unit 
(21), the substance carrier (211) may be brought into contact 
with the surface of the heart. The substance carrier (211) is 
represented in this embodiment as a pocket with an opening 
on the end face. The opening on the end face allows the 
substance to pass from the substance carrier (211) to the 
surface of the heart. The underside of the substance carrier 
(211) is part of the end face of the expandable unit (21) in 
this embodiment. The underside of the substance carrier 
(211) may also be designed separately and affixed to the end 
face of the expandable unit (21), for example by gluing, 
welding or Vulcanization or alternatively by Suspension or 
with the aid of Velcro fastenings. 
0109. In general, the substance carrier (211) may be 
positioned in any desired location on the Surface of the 
sleeve (2), of the at least one expandable unit (21) or of the 
frame structure (21). In some embodiments, the Substance 
carrier (211) may be positioned at least partially on at least 
one expandable unit (21). The surface covered by the 
substance carrier (211) may be identical to and coincident 
with the end face of the expandable unit (21) here. However, 
the surface covered by the substance carrier (211) may also 
be larger or smaller than the end face of the expandable unit 
(21). The surface covered by the substance carrier (211) may 
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be influenced by the size of the area to be treated on the 
surface of the heart. In embodiments with substance carriers 
(211) which take up a larger Surface area than the at least one 
expandable unit (21) covered thereby, the mechanical load 
introduced into the Substance carrier (211) through expan 
sion of the expandable unit (21) may have a therapeutic 
effect. A more detailed description of this point is provided 
in a Subsequent section. If the contact between Substance 
(212) or substance carrier (211) and the surface of the heart 
is not permanent, that is to say in Some embodiments it is 
preferably controllable or at least settable, the substance 
carrier (211) may also be positioned in areas of the implant 
(100) in which there is no overlapping of the substance 
carrier (211) and at least one expandable unit (21). 
0110. Alternatively, an embodiment is also conceivable 
in which the substance carrier (211) covers a number of 
expandable units (21) and/or surfaces of the sleeve (2) 
without expandable units (21), for example if the design of 
the substance carrier (211) has a number of separate or 
connected partial areas with a Substance (212) which may be 
brought into contact with the surface of the heart at different 
areas of the latter. 

0111. The shape of the substance carrier (211) or its 
footprint is represented as being rectangular in this embodi 
ment. Alternatively, the substance carrier (211) may also be 
any desired shape in order to be more efficient when 
substance is inserted and to be able better to match the 
geometry of the area of the heart (900) to be treated. Also 
conceivable are substance carriers (211) which may contain 
a number of substances (212), which may be of different 
kinds, in separate locations. 
0112 The substance carrier may also comprise at least 
one sensor (214). The at least one sensor (214) may also be 
an electrode. The at least one sensor (214) may be used to 
detect at least one parameter in the Substance carrier or the 
Substance. The at least one sensor (214) may be a concen 
tration measurement sensor, a pH sensor, an oxygenation 
sensor or a pressure sensor. Other types of sensor are also 
conceivable. If the at least one sensor (214) is an electrode 
and if at least two of them are mounted, for example, the 
electrical potential between the two locations in which the 
electrodes have been mounted may be measured. The at least 
two electrodes may also be used to apply an electrical 
Voltage. 
0113 FIG. 4 shows an embodiment of the supply unit (5). 
The Supply unit (5) may guarantee the Supply of energy to 
the at least one actuator unit (51) of the at least one 
expandable unit, in particular for actuation of an inflatable, 
bellows-like pneumatic chamber. The supply unit (5) may 
Supply the at least one sensor and/or the at least one 
electrode with energy. The Supply unit (5) may supply 
energy to the at least one element for setting a parameter, for 
example at least one heating coil, in the at least one 
substance carrier, represented in the embodiment as a fillable 
and emptyable pocket. The energy Supply for the at least two 
electrodes for applying an electrical voltage to the Substance 
carrier, the pump device for the at least one reservoir (52) 
and the at least one control unit may be guaranteed by means 
of the supply unit (5). The supply unit (5) may also comprise 
at least one fillable and refilable reservoir (52) for at least 
one substance (212). The at least one reservoir (52) may be 
exchangeable. The at least one reservoir (52) may be insert 
able into the supply unit (5) and removable from the latter. 
The at least one reservoir (52) may also be designed to be 
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separate from the supply unit (5). The at least one reservoir 
(52) may also be designed as a pouch, canister or bottle. The 
at least one reservoir (52) may be used, via at least one line 
(521) provided for that purpose, to carry a substance (212) 
to the substance carrier or into the substance carrier. The at 
least one reservoir (52) may have at least one pump device 
which may convey the at least one substance (212) to the at 
least one Substance carrier and pump it out again. With the 
aid of the at least one reservoir (52), a continuous circulation 
of a Substance (212) through at least one Substance carrier 
may also be guaranteed in an embodiment as a pocket. In 
Such an embodiment, the circulation may be guaranteed 
through a pump device. The at least one reservoir (52) may 
also have at least one filter device. The at least one filter 
device may comprise at least one membrane. The at least one 
membrane may be semi-permeable. The at least one mem 
brane may serve to prevent or to exclusively allow at least 
one Substance (212) to pass from one partial space of the at 
least one reservoir (52) into the at least one other partial 
space of the reservoir (52). The at least one line (521) may 
be open to the at least one Substance carrier. The at least one 
line (521) may also be closed to the at least one substance 
carrier. The at least one line (521) may also be permeable to 
the at least one Substance carrier in respect of at least one 
Substance (212) and at the same time impermeable in respect 
of at least one substance (212). The at least one line (521) 
may be semi-permeable in the area in which the at least one 
substance carrier is located. A further discharge line (522) 
may run away from the Substance carrier back to the 
reservoir (52). The at least one discharge line (522) may also 
be an extension of the at least one delivery line to the 
substance carrier. The at least one discharge line (522) may 
also not be connected to the reservoir (52). The at least one 
discharge line (522) may lead into a further, separate reser 
voir (53). 
0114. The supply unit (5) has an energy store with the aid 
of which the at least one expandable unit may be driven. The 
energy store may be in the form of an accumulator (54) 
which provides electrical energy in order to be able to 
expand the expandable unit. The accumulator (54) may be 
changed. The Supply unit (5) may also contain a pressure 
reservoir which provides a compressed gas in order to be 
able to expand an inflatable chamber. Suitable gases are, 
interalia, compressed air, CO or noble gases. The housing 
of the supply unit (5) itself may serve as a pressure reservoir 
housing. This has the advantage that the cavity nevertheless 
provided in the housing may be used and an embodiment 
with a separate pressure reservoir may be dispensed with. 
The Supply unit (5) may also contain pumps, valves, sensors 
and at least one display (57). The supply unit (5) may also 
comprise at least one microprocessor (55) on a micropro 
cessor circuit board (56) which is able to receive and to 
process data from the at least one sensor. If the Supply unit 
(5) is carried outside the body, the energy to be provided 
may be transferred through a direct connection via a cable, 
or wirelessly, for example through electromagnetic induc 
tion. The at least one microprocessor (55) may also control 
the actuation of the at least one expandable unit and/or 
regulate the circulation of the at least one substance (212) 
from the reservoir (52) via at least one substance line into the 
Substance carrier and if applicable back again into the at 
least one reservoir (52) or at least one other reservoir (53). 
0115 The supply unit (5) may also be designed to be at 
least partially inside the body. For example, a separate 
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pressure reservoir, for example for the purposes of refilling 
with a pressurized fluid, may lie inside the body. Alterna 
tively, the at least one accumulator (54) for operation of the 
energy-consuming components of the implant may also lie 
inside the body. The data from the at least one sensor may 
likewise be transferred directly via a cable or wirelessly 
using radio technology, such as Bluetooth. 
0116. The implant may also comprise a cable harness 
which connects the at least one expandable unit and/or the 
at least one sensor or the at least one electrode to the Supply 
unit (5). A detailed description of the cable harness is 
provided in a previous section. In the case of a multi-part 
cable harness, a cable with a plug part may be mounted on 
the at least one expandable unit and/or on the at least one 
sensor or the at least one electrode and a cable may also be 
mounted on the supply unit (5) at the end of which a plug 
part is likewise preferably located. 
0117 The supply unit (5) may have a wireless commu 
nication interface. By means of the latter, data may be 
transmitted for the purposes of assessment or forwarding, 
for example to the control and monitoring units described in 
a previous section. This wireless connection may, for 
example, be a WLAN or a Bluetooth connection. All lines, 
for example at least one pneumatic line (511), at least one 
electrical line (551) and/or at least one substance line(521), 
may, to facilitate handling, be combined in the female part 
of a multiconnector (58). A detailed description of this 
multiconnector is provided elsewhere. 
0118. The supply unit (5) may also have at least one 
operating element (58) via which at least one function of the 
supply unit (5) may at least be monitored. The at least one 
operating element (58) may also serve to set at least one 
parameter or one function of the supply unit (5). For 
example, the mass flow of the substance (212) may therefore 
be monitored and/or set. 

0119 FIG. 5 shows an embodiment of the multiconnector 
(8) which comprises two complementary plug parts, a male 
plug part (43) and a female plug part (58). The male plug 
part (43) comprises at least one connection (431) to at least 
one pneumatic or hydraulic line, at least one connection to 
at least one electrical line (432) and at least one connection 
(433) to at least one substance line. The complementary 
female plug part (58) comprises at least one connection 
(581) to at least one pneumatic or hydraulic line, at least one 
connection to at least one electrical line (582) and at least 
one connection (583) to at least one substance line. The 
embodiment shown in FIG. 5 comprises connections for 
three pneumatic lines (431,581), three electrical lines (432, 
582) and two substance lines (433, 583). Advantages of the 
multiconnector (8) are the compact spatial bunching 
together of different types of line, easy handling during 
coupling and uncoupling and the easy sealability. 

0.120. The multiconnector (8) may also contain devices 
for centring (434, 584), for example in the form of a centring 
pin (434) and complementary shape (584) which guarantees 
correct orientation for problem-free joining of the two 
complementary plug parts (43.58). The cohesion of the plug 
connection may be assured through a coupling mechanism, 
for example a reversible, non-destructive snap lock (435. 
585). In the embodiment shown, a snap lock (435) is 
depicted on the male plug side (43) which may be plugged 
into the complementary lock (585) provided for that purpose 
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on the female plug side (58). The snap lock (435) may in 
Some embodiments of the multiconnector (8) also serve as a 
centring device. 
0121 The multiconnector (8) may be sealed against the 
undesirable entry and/or exit of, for example, fluids, fluid 
Solid mixtures or granulates. Sealing against other media is 
also conceivable. Tightness is achieved through seals, for 
example in the form of sealing rings (436) as in the embodi 
ment shown. Each line which has a lumen to be kept tight 
may be provided with an individual seal with sealing rings 
(436). Moreover, the multiconnector (8) may also be sealed 
overall. In the embodiment shown, this may be a sealing ring 
(437) mounted on the plug sleeve (438) of the male part (43). 
0122 FIGS. 6a and 6b show the process for inserting an 
embodiment of the pericardium sluice (3) through a Surgi 
cally made access (905) and a surgically made opening (903) 
into the pericardial cavity (902). The pericardium sluice (3) 
has a proximal end and a distal end. The proximal end may 
have at least one lamella (32). The distal end has a sealing 
lip (31). The proximal end of the pericardium sluice (3) faces 
the operator during implantation and the distal end faces the 
patient. The material used for the pericardium sluice (3) is 
explained in more detail in a previous section. The material 
of the pericardium sluice (3) may be selected such that the 
pericardium sluice (3) may undergo considerable elastic 
deformation. This property is advantageous during the pro 
cess of inserting the pericardium sluice (3) into the pericar 
dial cavity (902). The material of at least part of the 
pericardium sluice (3) may be a polymer. The material of at 
least part of the pericardium sluice (3) may be silicone, 
polytetrafluoroethylene (PTFE) or polyurethane (PU). The 
material of at least a further part of the pericardium sluice (3) 
may be steel, a shape memory alloy or a polymer differing 
from those specified above or a plastic. The sealing lip (31) 
may, for example, contain a core (311) made out of a stiffer 
material which may increase the dimensional stability of the 
pericardium sluice (3). The pericardium sluice (3) may also 
be coated on the inside and/or on the outside so that friction 
between the pericardium sluice (3) and components inserted 
therein may be set. In some areas, greater friction may be 
advantageous (for example on the outside in contact with 
body tissue), while in other areas friction may be reduced by 
means of the coating, for example for easier insertion of a 
delivery system or of the implant. 
0123. The pericardium sluice (3) may be made out of at 
least one part. The pericardium sluice (3) is preferably 
designed to be rotationally symmetrical. It comprises lamel 
lae (32) at the proximal end, a neck region and a sealing lip 
(31) which may have a diameter differing from the neck 
region. The sealing lip (31) preferably has a larger diameter 
than the neck region of the pericardium sluice (3) So that 
self-retention may occur after the pericardium sluice (3) has 
been inserted into the pericardial cavity (902). The diameter 
of the sealing lip (31) may be larger by a factor of 1.0 to 2.0 
than the diameter of the neck region, while it may be larger 
by a factor of 1.05 to 1.2 than the diameter of the neck 
region. 
0.124. The pericardium sluice (3) may, interalia, serve to 
produce and maintain an insertion channel for the minimally 
invasive implantation of the implant. The pericardium sluice 
(3) may, with its outer surface and/or with a sealing lip (31), 
close and/or seal an opening (903) in the pericardium (901) 
and produce an inner lumen as a feed channel for implan 
tation of the implant. 
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0.125. The lumen of the neck region may have a diameter 
of 5 mm to 100 mm, preferably 40 mm to 80 mm. The 
pericardium sluice (3) may be made out of a hose. Alterna 
tively, the pericardium sluice (3) may consist of separate 
parts for the widening towards the sealing lip (31), the neck 
region and the lamellae (32) at the proximal end. The 
widening area and the neck region of the pericardium sluice 
(3) may also be made out of one part, while the lamellae (32) 
likewise represent a separate part which may be coupled to 
the other part for example by gluing or welding or some 
other joining technique. The materials of the different parts 
may be the same or different. It may be advantageous to 
design one part of the pericardium sluice (3) to be stiffer than 
the other. The wall thickness of the pericardium sluice (3) 
may be 0.2 mm to 4 mm. The wall thickness of the 
pericardium sluice (3) may be 0.4 mm to 2.5 mm. The size 
of the lumen produced by the pericardium sluice (3) may be 
set via the diameter. The stiffness of the pericardium sluice 
(3) may be set by the wall thickness. The wall thickness may 
vary locally. In certain places, for example in the area of the 
widening towards the sealing lip (31) or in the neck region, 
the wall thickness may be greater in order to facilitate 
insertion of the implant as the pericardium sluice (3) may be 
deformed in a more defined manner. At the proximal end, the 
pericardium sluice (3) may have lamellae (32) which pro 
trude in the direction of the longitudinal axis of the sluice. 
If the pericardium sluice (3) is thermoformed, for example 
out of a continuous piece of hose, or if the pericardium sluice 
(3) is produced through casting, the lamellae (32) may also 
be produced by cutting along the axial direction of the 
pericardium sluice (3) or Subsequently coupled to the peri 
cardium sluice (3), for example by gluing. There may be 1 
to 16 lamellae (32), preferably 2 to 6 lamellae (32) along the 
circumference of the pericardium sluice (3). The lamellae 
(32) may be arranged equidistantly along the circumference, 
which leads to equally wide lamellae (32). They may also be 
at different distances from one another, which leads to 
lamellae (32) of different widths. During implantation, the 
lamellae (32) of the pericardium sluice (3) may be posi 
tioned at least partially outside the body and serve to stretch 
the pericardium sluice (3). The lamellae (32) may have a 
spreading effect in that they may be pulled in a radial 
direction. The lamellae (32) may serve to spread the peri 
cardium sluice (3) radially as evenly as possible. The 
lamellae (32) may thereby produce the largest possible 
lumen clinging to the cut in the skin and body covering. If 
more axial cuts are made, that is to say if there are more 
lamellae (32), the spreading process and the clinging of the 
pericardium sluice (3) to the shape of the cut in the skin and 
body covering are adjusted more finely. Lamellae (32) of 
differing widths along the circumference may serve to adjust 
the spreading and the clinging of the pericardium sluice (3) 
in different circumferential segments of the pericardium 
sluice (3) with differing fineness in order, for example, to 
take account of different tissues with different material 
properties or the individual body shape of the patient. The 
lamellae (32) may serve to adjust the entry depth of the 
pericardium sluice (3) by its being pulled more or less 
strongly. If it is pulled more strongly, the entry depth of the 
pericardium sluice (3) may be reduced, while if it is pulled 
less strongly, the entry depth of the pericardium sluice (3) 
may be increased. The lamellae (32) may serve to set a 
constant entry depth of the pericardium sluice (3). 
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0126 The pericardium sluice (3) may also be made by 
casting. The pericardium sluice (3) may also have a differing 
diameter in the axial direction. In the present embodiment, 
the pericardium sluice (3) may taper from the upper end 
down to a certain point underneath the upper end and may 
then widen again below that point. 
0127. In addition, in the area of the widening of the 
pericardium sluice (3) towards the sealing lip (31) and/or in 
the neck region, a porous structure or a fabric at least 
partially covering the corresponding areas may be provided, 
for example a felt, expanded PTFE, Dacron or another 
suitable biocompatible synthetic fabric. This has the advan 
tage that the pericardium sluice (3) grows together better 
with the Surrounding body tissue in said places and therefore 
improves both the mechanical resilience and the tightness. 
0128. An alternative embodiment may comprise a further 
component, an insertion aid, which may be rotationally 
symmetrical and preferably consists of a stiffer and/or 
smoother material, that is to say potentially with lower 
friction in relation to components to be inserted, than the 
pericardium sluice (3). The measures specified above for 
setting the friction may also be used for this component. This 
component may serve to temporarily widen and Support the 
implantation channel and may reduce the tendency of the 
pericardium sluice (3) to crumple and kink when it comes 
into contact with embodiments of the implant to be inserted. 
After implantation, this component may remain in or be 
removed from the pericardium sluice (3). 
0129 FIG. 6a shows an embodiment of the pericardium 
sluice (3) during insertion into the pericardial cavity (902). 
Implantation may be carried out between two ribs. Owing to 
its considerable elastic deformability, the pericardium sluice 
(3) may be passed through an opening (903) in the pericar 
dium (901) which, at its largest elongation, is smaller than 
the diameter of the pericardium sluice (3) in its undeformed 
State. 

0130 FIG. 6b shows the position of the pericardium 
sluice (3) after insertion into the pericardial cavity (902). On 
account of the size relationship described above between the 
opening (903) in the pericardium (901) and the diameter of 
the sluice, a non-positive connection may be made between 
the pericardium (901) and the pericardium sluice (3). This 
connection may increase the stability and the positional 
accuracy of the pericardium sluice (3) inside the pericardial 
cavity (902). The neck of the pericardium sluice (3) extend 
ing towards the sealing lip (31) may abut against the 
pericardium (901) and produce a self-retaining effect, thus 
increasing the stability and the positional accuracy of the 
pericardium sluice (3) inside the pericardial cavity (902). 
The sealing lip (31) may likewise increase the stability and 
positional accuracy of the pericardium sluice (3) inside the 
pericardial cavity (902) because it may be an area of 
increased material stiffness and may therefore be less 
deformable. 
0131. After insertion of the implant, the pericardium 
sluice may remain at least partially in the body. The lamellae 
(32) of the pericardium sluice (3) may also serve another 
function after implantation of the implant. They may serve 
to additionally fix the pericardium sluice (3) to the fixing 
sleeve, for example through wrapping, tying, Stitching, 
Sticking or welding. Other methods of fixing are also con 
ceivable. They may also perform no function after implan 
tation of the implant. In order to minimize the amount of 
exogenous material remaining in the body, these lamellae 
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(32) may be separated off. The separation of the lamellae 
(32) may be carried out by means of a separation device 
(33), for example a pair of Scissors or forceps, at a separation 
plane (34) adequate for the application concerned. Separa 
tion may also be carried out without any separation device 
if, for example, predetermined breaking points are provided 
on the pericardium sluice (3) in the place of intended 
separation at the separation plane (34). 
0.132. Alternative embodiments may have a multi-part 
pericardium sluice (3). Such embodiments may, for 
example, have a sealing element (for example in the form of 
a further sealing lip) which may be coupled to a further part 
so that the two parts achieve the sealing effect together. One 
part of the seal may be located here inside the pericardial 
cavity (902), the other outside it. The coupling of the two 
parts means that the pericardium opening (903) may be 
closed and is thereby sealed. 
(0.133 FIGS. 7a, b and c show the insertion of the implant 
(100) via a delivery system (9) into the pericardial cavity 
(902). FIG. 7a shows a position of the delivery system (9) 
inside the pericardium sluice (3) just under the apex of the 
heart and partially inside the pericardial cavity (902). 
I0134. The delivery system (9) may be an essentially 
tubular delivery system (9). The delivery system (9) has a 
proximal and a distal side. The proximal side of the delivery 
system (9) faces the operator during implantation and the 
distal side faces the patient. In this embodiment, the delivery 
system (9) is represented as a straight, cylindrical tube with 
a slanted distal end. The delivery system (9) may also differ 
from the straight, cylindrical tube form. The delivery system 
(9) may be rotationally symmetrical with regard to a straight 
reference line. The delivery system (9) may also differ from 
rotational symmetry with regard to a straight reference line. 
The straight reference line may also be the union of a 
number of symmetry planes (tube with a polygonal cross 
section). The straight reference line may also be the union of 
focus points of all cross sections of the tube (tube with any 
desired cross section). The reference axis may also be a 
reference line. A reference line may be straight. A reference 
line may also be curvilinear. The definition of the reference 
line Suggests the possible course of the tube. In its embodi 
ment as a straight, cylindrical tube, the delivery system (9) 
may have a constant wall thickness. The wall thickness of 
the tubular delivery system (9) may also be variable. The 
wall thickness may be variable in the axial direction and in 
the circumferential direction. The variable wall thickness 
may serve to influence the insertion of the implant (100) into 
the delivery system (9), the passing of the implant (100) 
through the delivery system (9) or the removal of the implant 
(100) from the delivery system (9). The variable wall 
thickness may facilitate the insertion of the implant (100) 
into the delivery system (9), the passing through the delivery 
system (9) or the removal from the delivery system (9). A 
variable wall thickness in the case of an embodiment in the 
form of a cylindrical tube may mean that the internal 
diameter of the tube may change. This may facilitate the 
insertion of the implant (100) into the delivery system (9), 
the passing through the delivery system (9) or the removal 
from the delivery system (9). A variable wall thickness in the 
case of an embodiment in the form of a cylindrical tube may 
also mean that the external diameter of the tube may change. 
A variable wall thickness in the case of an embodiment in 
the form of a cylindrical tube may also mean that the internal 
and external diameter of the tube may change. As a result, 
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the consequences of both changes in diameter may be 
combined. In the present embodiment, the wall thickness 
declines linearly to the end at which the implant (100) is 
intended to exit. The external diameter of the embodiment 
shown remains constant here, while the internal diameter 
increases towards the exit and has a funnel-shaped geometry. 
0135. The implant (100) may be inserted into a delivery 
system (9). The insertion of the implant (100) into the 
delivery system (9) may be carried out through a radial 
compression of the implant (100). The assembly consisting 
of the delivery system (9) and the device according to the 
invention may be carried to the heart (900) through a 
pericardium sluice (3) which is located partially inside the 
pericardial cavity (902) and partially outside the pericar 
dium, but inside the body and partially outside the body. 
0136. In one embodiment in which the frame structure (1) 
consists of an elastically compressible or self-expanding 
material, the implant (100) may expand on removal from the 
delivery system (9) owing to the elastic energy stored on 
insertion into the delivery system (9) in the case of an 
elastically compressed material or alternatively, in the case 
of a shape memory alloy, owing to the changed temperature 
inside the body, and may at least partially Surround the heart 
(900). 
0137 FIG. 7b shows the delivery system (9) and an 
embodiment of the implant (100) which has partially 
emerged from the delivery system (9) and is in the process 
of expansion. At least one sensor (91) and at least one 
element for influencing at least one parameter in or on the 
delivery system (9), for example a heating coil (92), may be 
mounted on the surface of the delivery system (9). 
0.138. The at least one sensor (91) may be mounted on the 
inner surface or on the outer surface of the delivery system 
(9). Alternatively, the at least one sensor (91) may be 
incorporated into the wall of the delivery system (9). The at 
least one sensor (91) may serve to detect various parameters 
in the delivery system (9) or the surroundings. The sensor 
(91) may be a temperature sensor, a pressure sensor, a pH 
sensor, an oxygen sensor, a CO, sensor, an optical sensor or 
a conductivity sensor. The electrical line (94) may connect 
the sensor to an evaluation device. The at least one sensor 
may alternatively also be operated wirelessly. 
0.139. In the present embodiment, the at least one element 
for influencing at least one parameter in or on the delivery 
system (9) is designed as a heating coil (92). By means of 
the heating coil (92), for example, the expansion behaviour 
of the self-expanding frame structure (1) may be set. The at 
least one element for influencing at least one parameter may 
be mounted on the inner surface of the delivery system (9). 
The at least one element for influencing at least one param 
eter may also be mounted on the outside surface of the 
delivery system (9) or incorporated into the wall of the 
delivery system (9). Influenceable parameters may control 
the temperature inside and/or Surrounding the delivery sys 
tem (9), the concentration of conductivity-influencing sub 
stances, the pH value of influencing Substances or the 
oxygen and CO content-influencing substances inside and/ 
or surrounding the delivery system (9). A further parameter 
may be the static and dynamic friction between implant 
(100) and delivery system (9) which may be set through 
suitable additions such as lubricant. If the supply, for 
example, of electrical energy is required for operation of the 
at least one element (94) for influencing at least one param 

Jan. 12, 2017 

eter in or on the delivery system (9), this may be carried out 
by means of the electrical line (94). 
0140. The end faces of a delivery system (9) may differ 
from a planar shape at at least one end of the tube. The end 
faces may take the form of a spatially running level band. 
0.141. The end faces may also be planar, but tilted towards 
the central axis of the delivery system (9), that is to say the 
normal of the end face and the tangent of the reference line 
of the delivery system (9) at the focus point of the end faces 
form an angle that is Zero or more. The distal end face of the 
delivery system (9) is preferably slanted, facilitating the 
insertion of the implant (100). Changing the shape and 
orientation of at least one end face of the delivery system (9) 
with respect to an embodiment with plane end faces, the 
normals of which are parallel or antiparallel to the tangent of 
the reference line of the delivery system (9) at the focus 
point of the end faces may facilitate and/or improve the 
insertion of the delivery system (9) into the pericardial 
cavity (902) through the pericardium sluice (3), the expan 
sion of the frame structure (1) and the Surrounding of a heart 
(900) through the frame structure (1) and the sleeve (2) 
because anatomical conditions such as the position of the 
ribs and of the heart (900) may require operational access to 
the heart (900) at a certain angle to the longitudinal axis of 
the heart. The slant with respect to the surface normals of an 
embodiment with a planer end face may be between 30° and 
90°, or between 45° and 80°. 
0142. The delivery system (9) may be designed to be at 
least partially transparent. The advantage lies in the fact that 
the embodiment of the implant (100) inserted into the 
delivery system (9) may be aligned with the aid of corre 
sponding markings (24.93) in relation to the delivery system 
(9) and a precise delivery into the body and insertion into the 
pericardial cavity (902) may be guaranteed. These markings 
(24, 93) may be radiopaque. 
0143 FIG. 7c shows an embodiment of the implant (100) 
which at least partially surrounds a heart (900) after removal 
from the delivery system (9) through the pericardium sluice 
(3). The pericardium sluice (3) may, as described in a 
previous section, remain in the body in order to close off and 
seal the opening (903) in the pericardium (901). The deliv 
ery system (9) may be removed from inside the body again 
after removal of the implant (100) through the pericardium 
sluice (3). 
014.4 FIGS. 8a and b show an embodiment of the frame 
structure (1) which may provide form and stability to the 
implant generally and to a sleeve inserted into the frame 
structure (1) and which may guarantee the expansion of the 
implant after removal from a delivery system into the 
pericardial cavity. 
(0145 FIG. 8a shows a three-dimensional view of an 
embodiment of the frame structure (1) of the implant. The 
frame structure (1) in this embodiment is represented as a 
wire framework made out of three wires (14). 
0146 The frame structure (1) may be designed in the 
form of a lattice. The lattice may consist of a continuous 
material from which parts have been removed or in which 
the openings have been made. For example, the frame 
structure (1) may be made out of a tube or an individually 
formed frame structure sheath in which the openings are cut. 
0147 Preferred here is a method in which small slots are 
made in a tube, for example by means of laser cutting 
(“slotted tube'). The slotted tube may have a diameter of 4 
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mm to 30 mm, or a diameter of 6 mm to 20 mm. The slotted 
tube may be between 5 cm and 20 cm in length, or between 
8 cm and 15 cm in length. 
0148. A slotted tube which consists of a shape memory 
alloy is then stretched over shaping mandrels and normal 
ized by mean of a heat treatment so that the stretched form 
represents the new natural configuration of the tube. These 
stretching and heat treatment processes may be repeated 
with larger and larger mandrels until the slotted tube may 
finally be stretched over a form which corresponds to a copy 
of the heart and whereby, under heat treatment, the shape of 
the heart is transferred to the slotted tube. The production of 
the mandrel is described in more detail in a Subsequent 
section. The slotted tube is therefore transferred into a frame 
structure (1) consisting of a lattice, the shape of the frame 
structure (1) corresponding to a copy of the heart. The slots 
in the tube pass here into the openings of the lattice. The 
openings are delineated here through Struts (14). A number 
of struts (14) of an opening form individual cells of the 
lattice here. The lattice may preferably have diamond 
shaped cells. The shape of the cells may be modified through 
suitable cutting when slotting the tube. Alternatively, cells 
with a hexagonal honeycomb structure or cells with a 
polygonal structure may thereby be produced. 
014.9 Through suitable cutting, longer or shorter cells 
may be produced. Through the length and number of the 
slots, the number of rows of cells along the longitudinal axis 
of the heart of the frame structure (1) is also defined. Longer 
slots lead to longer struts (14), while shorter slots lead to 
shorter struts (14) in the frame structure (1). Longer struts 
(14) are more flexible than short struts (14) here. The length 
of the cells is 5 mm to 50 mm, in particular 10 mm to 30 mm. 
The length of the cells may vary from cell row to cell row 
and may also be the same or vary within a cell row. 
0150. As a result of the number of slots along the 
circumference of the tube, the number of cells along the 
circumference of the frame structure (1) is determined. 
Fewer slots along the circumference lead to a greater width 
of the resulting struts (14), while an increase in the number 
of slots along the circumference leads to thinner Struts (14). 
Wider struts (14) are less flexible here than thinner struts 
(14). In the longitudinal direction, between 4 and 15 cuts 
may be made in a row one after another, or between 5 and 
10 cuts may be made in a row one after another. In the 
circumferential direction, 14 to 80 such rows of cuts may be 
distributed around the circumference of the tube, or 20 to 45 
such rows of cuts may be distributed around the circumfer 
ence, or 26 to 36 such rows of cuts may be distributed 
around the circumference. During production, the cuts may 
be distributed evenly around the circumference of the tube 
(equidistantly), thereby achieving homogeneous structural 
stiffness in the lattice. Alternatively, the cuts may be dis 
tributed unevenly (not equidistantly) with respect to one 
another so that areas with cells having wider struts (greater 
structural stiffness) and areas with cells having narrower 
Struts (lesser structural stiffness) may be achieved. Areas in 
which greater structural stiffness is desired may, for 
example, be areas which cover the left ventricle of the heart 
or areas which form the abutment for the expandable units. 
Areas in which a lesser structural stiffness is desired are, for 
example, areas of the right ventricle. 
0151. The wall thickness of the tube into which the slots 
are cut gives the strut height of the frame structure (1). A 
greater strut height leads to stiffer properties of the lattice. A 
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lesser strut height leads to more flexible properties of the 
lattice. Through use of a tube with regionally differing wall 
thickness, areas of lesser or greater structural stiffness may 
therefore be produced. The wall thickness of the tube may be 
between 0.2 mm and 2 mm, preferably between 0.4 mm and 
1.5 mm, in particular between 0.6 mm and 1 mm. The wall 
thickness of the frame structure (1) is the same as the wall 
thickness of the tube. 

0152. If the number of slots is the same, a greater tube 
diameter results in a greater strut width. The method of 
production guarantees that the lattice of the expanded frame 
structure (1) may also be compressed again to the size of the 
tube from which it was cut. This may be helpful in particular 
if the frame structure (1) is intended to be inserted into a 
delivery system described above. However, the frame struc 
ture (1) may also be compressed to any intermediate size 
between the fully expanded, heart-shaped lattice and the 
original tube diameter. By using, for example, a shape 
memory alloy, the frame structure (1) may expand into the 
heart shape of its own accord upon implantation/removal 
from the delivery system. The exerting of external forces 
through further devices is unnecessary when using a shape 
memory alloy. In particular, the length of the cells and/or 
Struts (14) of the lattice determines the opening angle on 
expansion of the frame structure (1) here, in particular in the 
case of the self-expandable frame structure (1). 
0153. Instead of a lattice, the frame structure (1) may also 
consist of a mesh of wires (14). 
0154 The wires (14) form crossing points which may be 
firmly connected to one another. For example, the wires (14) 
may be welded to one another at the crossing points. The 
connecting of the wires (14) at crossing points increases the 
stability of the frame structure (1). The crossing points may 
also not be connected to one another. This may increase the 
flexibility of the frame structure (1) and hence make the 
frame structure (1) easier to compress. This may be helpful 
in particular if the frame structure (1) is intended to be 
inserted into a delivery system with a catheter having a 
smaller diameter. The frame structure (1) may also have 
certain crossing points firmly connected to one another and 
other crossing points not firmly connected to one another. 
Through a suitable choice of crossing points which are 
firmly connected to one another and crossing points which 
are not firmly connected to one another, the stability and 
flexibility of the frame structure (1) may be adjusted. Areas 
which require greater stability in the implanted State may be 
stabilized through the connection of wires (14) at crossing 
points. These may, for example, be areas which serve as 
abutments for expandable units. Such abutments may be 
located directly under an expandable unit or next to areas 
with expandable units. Areas which require greater flexibil 
ity may be areas which have to be compressed to a greater 
extent than other areas on insertion into a delivery system. 
Areas which may require greater flexibility may also be 
areas in which greater flexibility helps the natural movement 
of the heart. 
0155 Adjustments may also be made through the choice 
of material used, through changes of material in certain areas 
or through application of for example, energetic radiation, 
Such as heat. The frame structure (1) preferably has openings 
which are formed by the wires (14) of a wire mesh, the struts 
(14) of a lattice or the holes in a frame structure sheath. 
These openings allow the compression of the frame structure 
(1), they allow the exchanging of Substances from inside the 
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frame structure (1) with areas outside the frame structure (1) 
and vice versa, they reduce the quantity of material to be 
used for the frame structure (1) and they allow greater 
flexibility of the frame structure (1). Forms which can only 
be produced with difficulty using continuous materials can 
be formed more easily with mesh-like or lattice-like struc 
tures. The openings may be quadrangular, diamond-shaped, 
round or oval. The openings defined by the wires (14), the 
struts (14) or the holes in a frame structure sheath have a 
diameter of approximately 1 mm to 50 mm, preferably from 
3 mm to 30 mm, preferably from 5 mm to 20 mm. The 
diameter of an opening is defined as a pin opening, that is to 
say the diameter of the opening constitutes the largest 
diameter of a cylindrical pin which may be passed through 
an opening (a cell, a hole). 
0156 The frame structure (1) preferably consists of a 
material which allows expansion. The frame structure (1) is 
preferably formed from a material which is selected from the 
group consisting of nitinol, titanium and titanium alloys, 
tantalum and tantalum alloys, stainless steel, polyamide, 
polymer fibre materials, carbon fibre materials, aramide fibre 
materials, glass fibre materials and combinations thereof. 
For a self-expanding frame structure (1), a material which is 
made at least partially out of a shape memory alloy is 
suitable. Materials for shape memory alloys are, for 
example, NiTi (nickel-titanium; nitinol), NiTiCu (nickel 
titanium-copper), CuZn (copper-zinc), CuZnAl (copper 
Zinc-aluminium), CuAlNi (copper-aluminium-nickel), 
FeNiAl (iron-nickel-aluminium) and FeMnSi (iron-manga 
nese-silicon). 
0157. The frame structure (1) may also consist of a 
plastic, a composite material or a polymer, which have 
sufficient stiffness for expansion under the conditions 
described. For example, the frame structure (1) may be made 
out of polyethylene and is preferably produced by a casting 
process, for example injection moulding. Other plastics, 
fibre materials or composite materials are also conceivable. 
0158. The frame structure (1) preferably has a shape 
adapted to the individual shape of the patients heart. The 
individual shape of the patients heart may be reconstructed 
here from CT or MRT image data. The frame structure (1) 
is open at the distal, upper end (15) from the operator's point 
of view. The upper, distal edge of the frame structure (1) 
preferably has loops of a wire or stirrup which are formed 
from Struts (14). The loops or stirrups may serve as anchor 
ing points for a sleeve with at least one expandable unit. At 
the proximal, lower end of the frame structure (1) from the 
operator's point of view there is preferably an opening (16) 
through which one or more electric lines of the at least one 
sensor or the at least one electrode and/or lines of the at least 
one expandable unit may be passed. The shape of the frame 
structure (1) at least partially represents the shape of a 
natural heart, preferably the lower part of a heart. Specifics 
regarding the shape of the frame structure (1) are explained 
in more detail in a Subsequent section of the description. 
0159. If there are two or more struts (14), the at least two 
Struts (14) may be the same length, but may also be of 
different lengths. The cross section of the at least one strut 
(14) may be rectangular. The cross section of the strut (14) 
may also differ from the rectangular form, and may for 
example also be round, elliptical or polygonal. The at least 
one part of the frame structure (1) may consist of several 
wires (14) which may in each case be coupled in pairs. At 
least one couplable pair may also be designed to be 
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uncoupled. Alternatively, the at least one part of the frame 
structure (1) may consist of at least one strut (14). The at 
least one part of the frame structure (1) may also consist of 
several struts (14) which may in each case be coupled in 
pairs. At least one couplable pair may also be designed to be 
uncoupled. The at least one wire (14) or the at least one strut 
(14) may be coupled so that different segments are con 
nected to one another along the at least one wire or the at 
least one strut (14). 
0160. In the present exemplary embodiment, the three 
shaped wires (14) are connected to the respective neigh 
bouring wire through two couplings (13) in each case. A 
coupling (13) may be carried out through material bonding, 
through positive locking and/or through non-positive lock 
ing If the coupling (13) is designed as a material bond, the 
coupling partners may, for example, be welded or stuck to 
one another. If the coupling (13) is designed as a positive 
connection, this may, for example, be carried out through 
complementary coupling elements (13) on the at least two 
wire or strut segments to be connected. The coupling ele 
ments (13) here may be part of the at least two wire or strut 
segments, for example in the form of hooks, eyelets, buttons, 
loops or the complementary combination thereof for the 
respective wire segment or strut segment pair to be coupled. 
Alternatively, the connection partners, if designed as wires 
(14), may also be weaved or twisted. The coupling elements 
(13) may also be at least one individual component, for 
example in the form of rings, sleeves, clips, wires or clamps. 
The positive coupling (13) may also be carried out through 
at least one Velcro fastening and/or zip. If the coupling (13) 
is carried out through non-positive locking, the ends of the 
at least two wire or strut segments may be tied together using 
threads, fibres or cables. The ends of the at least one wire or 
of the at least one strut (14) may be brought together at the 
lower end of the implant. The ends may be coupled to one 
another. However, the ends may also be left uncoupled. The 
two ends of the at least one wire may be coupled. If there are 
at least three wires (14), one end of one may also be 
connected to one end of the neighbouring wire (14). The 
ends of the at least one wire (14) or the at least one strut (14) 
may serve to axially stiffen the implant (parallel to the 
longitudinal axis of the heart) and to axially position it 
securely in place. The axial positioning securely in place is 
achieved by the ends of the at least one wire or of the at least 
one strut (14) being affixed on or in the fixing sleeve which 
runs from the present embodiment of the implant away 
towards the Supply unit. This connection may be brought 
about through positive locking, non-positive locking or 
material bonding. In the case of positive locking, the con 
nection may be designed as the coupling (13) of two 
complementary connection partners in the form of a con 
nection with feather keys, in the form of a hook-eyelet 
connection, a button-loop connection or a hook-loop con 
nection. In the case of non-positive locking, this connection 
may be carried out in the form of a clamp connection or a 
connection using a threaded pin. In the case of material 
bonding, this connection may be carried out in the form of 
an adhesive connection or a welded connection. 

0.161 The stiffness of the frame structure (1) in the axial, 
radial and circumferential direction may be set through the 
number of wires or struts (14). The stiffness of the frame 
structure (1) increases with the increasing number of wires 
(14) or struts (14) used. Alternatively, the stiffness of the 
frame structure (1) may be set through the number of 
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pair-wise couplings of at least two wires (14) or Struts (14). 
The stiffness of the frame structure (1) increases with the 
increasing number of couplings (13). The stiffness of the 
frame structure (1) may also be adjusted via the cross section 
of the at least one wire or the cross section of the at least one 
Strut (14). A larger cross-sectional Surface area may lead to 
greater stiffness of the frame structure (1). The thickness of 
the at least one wire or of the at least one strut (14) may be 
between 0.2 mm and 2 mm. The thickness of the at least one 
wire or of the at least one strut (14) may be between 0.4 mm 
and 1 mm. In the circumferential direction, the stiffness of 
the frame structure (1) may be set by an alternating course 
of the at least one wire or the at least one strut (14). The 
alternating course may be periodical. However, it may also 
differ from a periodical form. The parameters playing a role 
in setting the stiffness are the amplitude of the alternating 
course in the transverse direction and the number of maxima 
and minima of the wire or Strut course. In the case of a 
periodic wire or strut course, the number of periods of the 
wire or strut course is reflected in the period length, a period 
having one maximum and one minimum. In the case of a 
periodic wire or strut course, an embodiment may be real 
ized in sinusoidal form, in triangular form, in rectangular 
form, in polygonal form, sectionally in semicircular form or 
in a combination of these forms. The combination of the 
forms specified above may also lead to an aperiodic wire or 
strut course when viewed over the entire circumference. The 
wire or strut course may be the same in each part in an 
embodiment of the frame structure (1) consisting of at least 
two parts or may differ between the parts. The amplitude of 
the wire or strut course influences the stiffness of the frame 
structure (1) primarily, but not exclusively, in the circum 
ferential and in the radial direction. An effect influencing 
axial stiffness may also be achieved. The expansion and 
compression behaviour of the expandable frame structure 
(1) may be influenced through the amplitude of the wire or 
strut course. The amplitude of the wire or strut course may 
be between 0 mm and half the total height of the frame 
structure (1) (the distance between the upper and lower ends 
of the frame structure (1)). The amplitude may be between 
4 mm and 10 mm. The number of periods of the wire or strut 
course along the circumference may likewise be used to 
influence the stiffness of the frame structure (1) primarily, 
but not exclusively, in a radial and circumferential direction. 
An effect influencing axial stiffness may also be achieved. 
The number of periods in the wire or strut course along the 
circumference may be between 0 and 72, or may also be 
between 12 and 36. All of the possible ways of influencing 
axial, radial and circumferential stiffness specified in the 
description of the frame structure (1) may also be used in 
combination. 

0162. In the case of embodiments of the frame structure 
(1) consisting of at least one wire, at least one strut (14) may 
also be used and may be coupled to the at least one wire (14), 
which may additionally increase the stability and stiffness of 
the frame structure (1). In alternative embodiments of the 
frame structure (1) consisting of at least one strut (14), at 
least one wire (14) may also be used and may be coupled to 
the at least one strut (14), which may additionally increase 
the stability and stiffness of the frame structure (1). The 
axial, radial and circumferential stiffness of the frame struc 
ture (1) may also be set through the targeted combination of 
wires (14) and struts (14). 
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(0163 The material of the at least one wire or of the at 
least one strut (14) may enable the frame structure (1) to pass 
from a non-expanded State to an expanded State. The mate 
rial of the at least one wire or of the at least one strut (14) 
may be a shape memory alloy. The material of the at least 
one wire or of the at least one strut (14) of the frame 
structure (1) may also differ from a shape memory alloy. The 
material may also be a spring steel or a polymer. The 
polymer may be polyurethane (PU), polypropylene (PP), 
polyethylene (PE), polycarbonate (PC), polyamide (PA), a 
Superelastic polymer or a shape memory polymer. The frame 
structure (1) may also consist of a biodegradable material, 
for example polylactide, cellulose or polyglycolide, because 
this may have the advantage that an embodiment of the 
implant without any cable harness or Supply unit, which 
consists overall of at least one biodegradable material, no 
longer has to be removed from the body after it has carried 
out its function. In the case of embodiments of the implant 
in which only the frame structure (1) consists of at least one 
biodegradable material, this may be advantageous because, 
for example, the risk of injury to the Surrounding tissue 
caused by the frame structure (1) is reduced and the process 
of explantation without a frame structure (1) may be con 
siderably easier. Such a frame structure (1) is broken down 
by the body over time. A frame structure (1) made out of a 
polymer may consist of struts (14) which can be deformed 
elastically from the expanded State in order to compress the 
frame structure (1) and insert it into a delivery system. On 
removal into the pericardial cavity, the frame structure (1) 
returns to its expanded State again. The expansion and 
compression of the embodiment of a frame structure (1) 
consisting of a polymer may be carried out with the aid of 
a shape memory effect or without the use of any shape 
memory effect. With increasing stiffness, the suitability of 
the frame structure (1) as an abutment, for example for the 
at least one expandable unit, may increase. In the case of low 
stiffness, a small amount of material may be used for the 
frame structure (1). The stiffness may be sufficient to provide 
the sleeve with position and shape. With a low but sufficient 
stiffness of the frame structure (1), the weight of the implant 
may be reduced. With a low but sufficient stiffness of the 
frame structure (1), insertion into a delivery system may be 
facilitated. The frame structure (1) may also primarily serve 
to position and shape a sleeve and may serve less as an 
abutment. 

0164. The frame structure (1) may have at least one 
recess which ensures that anatomical structures are not 
spatially impaired, for example the inferior vena cava. The 
recess may be produced such that the circumferential wire or 
Strut course provides a recess in the area of the anatomical 
structure which is not Supposed to be compressed. 
0.165 At least one wire (14) or at least one strut (14) may 
also run in the circumferential direction. The at least one 
wire (14) or the at least one strut (14) in the circumferential 
direction may increase the stability of the frame structure 
(1). The at least one wire (14) or the at least one strut in 
circumferential direction may increase the stiffness in the 
circumferential direction. The number of wires (14) or struts 
in the circumferential direction may be between 0 and 10. It 
may be between 0 and 3. At least one wire (14) or at least 
one strut may also be partially axially orientated and par 
tially orientated in the circumferential direction. The at least 
one wire (14) or the at least one strut (14) in the circum 
ferential direction may increase the stability of the frame 
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structure (1). The at least one wire (14) or the at least one 
strut (14) in the circumferential direction may increase the 
stiffness both in the axial direction and in the circumferential 
direction. 
0166 FIG. 8b shows a two-dimensional unrolling of the 
frame structure (1). In the present embodiment, the unrolled 
frame structure (1) consists of three wires (14), the two ends 
of each of them being brought together at the lower end of 
the frame structure (1). There they may be connected with 
the aid of a coupling (13). Possible connections may be an 
adhesive connection, a welding connection, a non-positive 
connection Such as tying up, or a positive connection with 
hooks, eyelets, buttons or loops. At least one end of the at 
least one wire (14) or of the at least one strut (14) of the 
frame structure (1) may be clipped off afterwards or before 
hand. The clipping of the frame structure through a separa 
tion device (17) or through predetermined breaking points 
provided in Suitable places may reduce the quantity of 
exogenous material introduced into the body. The clipping 
may be perceived as a further option for adjusting axial or 
rotatory stiffness. 
0167. The at least one wire (14) may form a recess which 
may serve the purpose of not spatially impairing anatomical 
structures such as the inferior Vena cava. 
0.168. Using a suitable method of production, for example 
by laser cutting, segments of the frame structure (1) may 
alternatively be cut out of a sheet or a half-tube. The frame 
structure (1) may be produced through Subsequent shaping 
(for example bending or contorting of the frame segment 
which is flat after the first production step) and coupling of 
the segments together. 
(0169 FIGS. 9a and b show a slotted tube (20) with the 
pattern (201) indicated and the process of pulling a slotted 
tube (20) onto a mandrel (30) which may be derived from a 
three-dimensional copy of a heart. The process is intended to 
produce a patient-specific geometry of the frame structure 
which may be made out of an initially continuous, tubular 
semi-finished product. 
(0170 FIG. 9a shows by way of indication a number of 
rows of cuts (202) orientated in the longitudinal direction of 
the tube, it being possible for neighbouring rows to be offset 
with respect to one another. The offsetting may influence the 
shape of the cells which are produced when the slotted tube 
is widened. Moreover, a corresponding pattern (201) may 
already provide the recess (203) which, after widening of the 
tube, leads to a notch being created along the circumference 
which prevents the spatial impairment of the vena cava or 
other relatively large anatomical structures. A suitable pat 
tern (201) may also already determine the shape and length 
of the extension struts. 
(0171 FIG.9b shows a partially removed slotted tube (20) 
and an embodiment of the shaping mandrel (30). The 
mandrel (30) comprises a circumferential rib (301) in the 
proximity of its base and a circumferential rim made out of 
bores for the insertion of fixing bolts (302). The circumfer 
ential rib (301) may correspond to the extensive shape of the 
implant sought. One embodiment may, for example, take 
account of the recess (304) for the vena cava or other 
relatively large anatomical structures with the aid of the 
course of the circumferential rib (301). The rib (301) may be 
used here to set the circumferential shape of the implant 
precisely. In the state in which the tube (20) has been pulled 
over the mandrel (30) until it stops at the rib (301), the tube 
(20) may be affixed, with the aid of fixing bolts (302), which 
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are inserted into the bores (303) provided for that purpose 
through the openings produced as a result of the slotting of 
the tube, until the widened form has become established in 
the precursor of the frame structure. If the slotted tube (20), 
for example, consists of a shape memory alloy, the estab 
lishment of the widened geometry may be carried out 
through normalization. Metallic frame structures which do 
not consist of shape memory alloys are also conceivable. 
0172 FIGS. 10a and b show an embodiment of a pocket 
(50) which may accommodate a substance carrier. The 
pocket (50) may be filled with a substance via an opening 
(501) in the lateral surface facing the upper edge of the 
sleeve (2). The pocket (50) may have a removable area (502) 
on the surface facing the heart. Removal thereof results in 
the temporally and spatially well-defined release of the 
Substance. 

(0173 FIG. 10a shows the unassembled pocket (50) 
which may accommodate a Substance carrier and a three 
dimensional depiction of the pocket (50). The pocket (50) 
may be affixed in the sleeve (2). Embodiments of a substance 
carrier are described in more detail in a Subsequent section. 
If the device in an embodiment also has an expandable unit 
(21) which may be incorporated into the sleeve (2), the at 
least one pocket (50) may be affixed to the end face of an 
expandable unit (21). However, the pocket (50) may also be 
affixed somewhere in the sleeve (2) where there is no 
expandable unit (21). The present embodiment is designed 
such that the end face of the expandable unit (21) or the 
sleeve (2) forms the back of the at least one pocket (50). 
Alternatively, the pocket (50) may also have an enclosed 
space before coupling to the sleeve (2) and/or at least one 
expandable unit (21). In this case, a separate coupling 
mechanism may be required. The coupling mechanism may 
be designed such that coupling may also be carried out only 
under operating conditions and by a person in the operating 
theatre. 

0.174. The width, length and depth of a pocket (50) or of 
a Substance carrier are in each case defined as the dimen 
sions of the pocket (50) or of the substance carrier in the 
circumferential direction of the heart, the longitudinal axis 
of the heart and in a radial direction perpendicularly to the 
longitudinal axis of the heart. The at least one pocket (50) 
may be between 10 mm and 80 mm wide, preferably 
between 20 mm and 50 mm. The length of a pocket (50) may 
be between 10 mm and 80 mm, preferably between 20 mm 
and 50 mm. The pocket (50) may be between 0.05 mm and 
8 mm deep. The at least one pocket (50) may be between 1 
mm and 3 mm deep. The material of the at least one pocket 
(50) may be identical to the material of the sleeve (2) or the 
material of the at least one expandable unit (21). The 
material of the at least one pocket (50) may also differ from 
the material of the sleeve (2) or the material of the at least 
one expandable unit (21). The material of the at least one 
pocket (50) may be a polymer. The material of the at least 
one pocket (50) may be polyurethane, silicone or polytet 
rafluoroethylene (PTFE). The pocket (50) may be made out 
of the same material as the sleeve (2) and/or an expandable 
unit (21). The pocket (50) may be incorporated directly into 
a sleeve (2) and/or an expandable unit (21), whereby the 
pocket (50) is part of the sleeve (2) or of an expandable unit 
(21). 
0.175. The pocket (50) may, for example, first be cut as a 
two-dimensional unassembled part from a sheet made out of 
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at least one of the materials specified above and then joined 
together to produce its three-dimensional form. 
0176 The at least one pocket (50) may have an opening 
(501) on one surface which may be used to insert a substance 
into the pocket (50) in the present embodiment. The at least 
one pocket (50) may have a removable area (502) on the 
surface facing the heart. The removable area (502) may be 
rectangular. The removable area (502) may be of round, 
elliptical or polygonal shape or a combination thereof. The 
removable area (502) may, in its implanted state, be remov 
able from the pocket (50) from outside the body by means 
of a mechanism which uses traction elements (404). The 
mechanism and its fraction elements (404) may at least 
partially consist, for example, of threads, cords, rods, Strips 
(for example of plastic) or similar loadable components. If 
this area (502) is pulled away, an opening is made in the at 
least one pocket (50) through which the substance held 
inside the at least one pocket (50) can come out, that is to say 
into the sleeve (2), and enter into contact with the heart at the 
location intended for release of the substance. The remov 
able area (502) of the at least one pocket (50) may be pulled 
away through threads mounted in this area (502). The 
removable area (502) may have at least one perforation 
(403) of the material of the pocket (50) at its edges in order 
to be able to allow the process of pulling away. The 
removable area (502) may also have at least one dummy 
joint/predetermined tear point (403) at its edges which may 
allow the process of pulling away. The removable area (502) 
may serve to ensure the temporally delayed release of a 
substance inside the pericardial cavity. The pocket (50) per 
se may serve to protect the Substance, for example against 
friction or during compression over the course of the 
implantation process. After implantation, this protection is 
no longer required and may therefore be removed. 
(0177 Alternatively to the removable area (502) on the 
side of a pocket (50) facing the heart, an area (502) may be 
provided which is at least partially made out of a biode 
gradable and/or permeable material. This has the advantage 
that a Substance is mechanically protected during the 
implantation process and may subsequently be released. 
Unlike with the removable area (502), no part therefore has 
to be removed from the body any longer, which facilitates 
the implantation process. The release of the Substance may 
also be carried out in a time-controlled manner by using 
materials with a different dissolution and/or decomposition 
rate, with a defined wall thickness or with a specific per 
meability. Examples of such decomposable or soluble mate 
rials are natural polymers such as collagen or alginate, 
polysaccharides Such as hyaluronic acid and gelatine and/or 
synthetic aliphatic poly(hydroxycarboxylic acid) polyesters 
Such as poly(e-caprolactone), polylactide, polyglycolic acid, 
poly(4-hydroxybutyric acid), poly(3-hydroxybutyric acid), 
poly(2-hydroxybutyric acid) or their copolymers and/or self 
assembling peptides such as peptides based on arginine 
glycine-aspartate amino acids. Examples of permeable Sub 
stances are methylcellulose, polyurethanes or their 
copolymers, the porosity depending on the method of pro 
duction. The at least one pocket (50) may also consist 
entirely of a biodegradable and/or a permeable polymer. 
0.178 The pocket (50) may also comprise a radiopaque 
marking (505), with the aid of which lacuna for example 
in the case of a lacuna separately to the sleeve (2) and/or 
the at least mountable pocket (50) lacuna 
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(0179 FIG. 10b shows an embodiment of the implant 
(100) which is partially cut away to provide a view of the 
inside of the sleeve (2). A pocket (50), which may accom 
modate a Substance carrier, is affixed to the present expand 
able unit (21). The removable area (502) on the end face of 
the pocket (50) in the form of a rectangle is connected to the 
two upper corners with threads which are guided through the 
opening (26) of the sleeve (2) lying underneath through the 
encased cable harness (4) to the outside, that is to say out of 
the body. 
0180 FIG. 11 shows various embodiments of the sub 
stance carrier (40). 
0181 FIG. 11a shows the production and insertion of a 
substance carrier (40) into a pocket (50) which may be 
provided for the purpose of accommodating a Substance 
carrier (40) during the insertion of the substance carrier (40) 
into the pocket (50) and in the installed state. A substance 
(403) which may have a therapeutic effect may be applied to 
the substance carrier (40). The at least one substance (403) 
may be applied to the substance carrier (40), for example by 
application, spreading, gluing, Vapour deposition, populat 
ing with cells, casting or thermobonding. 
0182. In FIG. 11a, the substance carrier (40) is repre 
sented as being multi-part, consisting of a frame (401) and 
a membrane (402) which is stretched through the frame 
(401) and on which at least one substance (403) may be 
applied. The membrane (402) may be connected to the frame 
(401), for example by sticking The frame (401) may also be 
incorporated into the membrane (402), for example 
moulded. The frame (401) may serve to facilitate the process 
of inserting the substance carrier (40) into the at least one 
pocket (50). The pocket may have a removable area (502) 
which may have a perforation (503). The frame (401) and 
the substance carrier (40) may be compressed for the pur 
poses of insertion into a pocket (50). In the non-compressed 
state, the frame (401) may guarantee the correct positioning 
of the substance carrier (40) and the substance (403) applied 
thereto. The frame (401) may be dimensioned such that it 
may be inserted in its compressed state into the pocket (50) 
through an opening in the pocket (50) and is wider than the 
opening in the non-compressed State. As a result, before 
implantation of the implant, simple insertion of the Sub 
stance carrier (40) may be guaranteed and any dislocation of 
the substance carrier (40) after implantation of the implant 
may be prevented. The frame (401) of the substance carrier 
(40) may be made out of polyurethane (PU), silicone, 
polytetrafluoroethylene (PTFE), metal or a metal alloy, in 
particular a shape memory alloy, or a combination thereof. 
The at least one material may be a shape memory alloy. The 
membrane (402) may be made out of polyurethane, silicone 
or polytetrafluoroethylene (PTFE). The membrane (402) 
may also consist of the same material as the frame (401). If 
the membrane (402) and frame (401) consist of the same 
material, the substance carrier (40) may also be formed as 
one part. The frame (401) may then consist of an amassing 
of the material, for example from a thickening of the 
material at the edge of the substance carrier (40). Alterna 
tively, a single-part Substance carrier (40) may be charac 
terized in that material has been removed from the mem 
brane area or Subsequently weakened, for example through 
application of radiation or chemicals. 
0183 The membrane (402) may be made out of a differ 
ent material than the frame (401). The membrane (402) may 
have an incorporated frame (401). The frame (401) may be 



US 2017/0007403 A1 

made out of a self-expanding material. The frame (401) may 
be made out of a shape memory alloy and/or out of a 
Superelastic material So that the Substance carrier (40) may 
be transferred from a non-compressed form into a com 
pressed form for the purposes of insertion into a pocket (50). 
The frame (401) may be made out of nitinol. The substance 
carrier (40) may be considerably deformable. The substance 
carrier (40) may be deformable for the purposes of insertion 
into a pocket (50) such that its width in a compressed state 
is Smaller than or the same as the size of an opening in a 
pocket (50). The at least one substance carrier (40) may be 
between 10 mm and 80 mm wide, preferably between 20 
mm and 50 mm. The at least one substance carrier (40) may 
be between 10 mm and 80 mm long, preferably between 20 
mm and 50 mm. The at least one substance carrier (40) may 
be between 0.5 mm and 5 mm thick, preferably between 1 
mm and 3 mm. The frame (401) and/or the substance carrier 
(40) may also differ from the flat shape and be three 
dimensionally adapted to the curvature of a cylinder, a ball 
or a copy of a heart. 
0184. In the present embodiment, the substance carrier 
(40) may be inserted into the pocket (50) through an opening 
in the pocket (50). In the present figure, a substance carrier 
(40) is represented with a rectangular frame (401). The 
opening in the pocket (50) may be smaller than the lengths 
of the edges of the substance carrier (40) and/or of the frame 
(401). At least one edge of the frame (401) may be wavy, 
meandering, contorted or bent in form. The difference in the 
form of at least one edge of the frame (401) from the straight 
form may make the frame (401) easier to compress. In one 
embodiment in which at least part of the substance carrier 
(40) consists of an elastic and/or Superelastic material, the 
Substance carrier (40) may, after deformation on insertion 
into the pocket (50) through the opening in the pocket (50), 
return to its initial geometry before deformation again. As a 
result, a better seating of the substance carrier (40) in the 
pocket (50) may be achieved. The frame (401) of the 
substance carrier (40) may consist of at least one wire. The 
frame (401) of the substance carrier (40) may be produced 
by separating a profile from a previously continuous semi 
finished product, for example by stamping from a sheet or 
laser cutting from a tube, a sheet or a film. Alternatively, the 
frame (401) may also be produced by a generative method 
of production, such as casting, sintering or a rapid proto 
typing method. The frame (401) may consist of a coherent 
profile. If the frame (401) consists of at least one wire, the 
ends of the at least one wire may be connected, for example 
by gluing, welding, riveting, hooks and/or eyelets or a 
sleeve, thereby producing an enclosed frame (401). The 
profile or a wire of the frame (401) may also not be 
connected in at least one place and an open and/or inter 
rupted frame (401) is produced. An enclosed frame (401) has 
a greater structural stiffness and may also ensure a certain 
formal stability of the substance carrier (40) when forces are 
exerted through movement of the heart or when load is 
applied by an expandable unit, the sleeve (2) or another part 
of the implant. An open frame (401) has the advantage that 
the Substance carrier (40) is easier to compress than a 
comparable substance carrier (40) with an enclosed frame 
(401). The wire winding or the profile may have a form at 
least partially differing from a straight line. The at least one 
wire or the profile of the frame (401) may have a periodi 
cally alternating directrix. The directrix may also be aperi 
odically alternating. If the material of the frame (401) is a 
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shape memory alloy, the frame (401) may be transformed 
into a defined shape with the aid of at least one heat 
treatment. 

0185 FIG. 11b shows a further embodiment of the sub 
stance carrier (40) during insertion of the Substance carrier 
(40) into the pocket (50) and in the implanted state. The 
pocket (50) shown corresponds here to that in FIG. 11a. The 
present embodiment of the substance carrier (40) is elliptical 
and comprises a membrane (402) which contains at least one 
wire incorporated into the membrane (402) for stretching the 
membrane (402). In the present embodiment, at least one of 
the two main axes may be longer than the edge, which is 
parallel to this main axis, of the pocket (50) which is 
rectangular in this embodiment, which means that the ellip 
tical substance carrier (40) is better fixed in the rectangular 
pocket (50) through the resulting clamping effect. The 
pocket (50) may also differ from the rectangular shape. In 
this case, it may be advantageous also to change the shape 
of the substance carrier (40) and adapt it to the shape of the 
pocket. Advantages of the elliptical embodiment are, 
amongst other things, the simple geometry and the easy 
producibility of the substance carrier (40). 
0186 FIG. 11c shows a further embodiment of the sub 
stance carrier (40) and of the pocket (50) during insertion of 
the substance carrier (40) into the pocket (50) and in the 
implanted state. Materials which may be used for the sub 
stance carrier (40) and the pocket (50) are specified in a 
previous section. The embodiment of the substance carrier 
(40) shown is in two parts. It comprises a frame (401) and 
a membrane (402) to which the at least one substance (403) 
may be applied. The previous descriptions correspondingly 
apply to the substance carrier (40), the frame (401) and the 
membrane (402). FIG. 11c also shows a possible way of 
connecting the Substance carrier (40) to the frame structure 
(1), the sleeve (2), the end face of the at least one expandable 
unit (21) and/or the pocket (50). For that purpose, the 
Substance carrier (40) may have at least one coupling 
element (404). The at least one coupling element (404) may 
be part of the frame (401), for example a longitudinal strut 
or a wire element, and protrude from the frame (401). The 
coupling element (404) may be designed at the end Such that 
coupling to another component of the device is made 
possible. The coupling element (404) may extend as far as 
a structurally bearing component of the frame structure (1) 
or as far as another coupling element (404) of the sleeve (2), 
of the pocket (50) and/or of an expandable unit (21). FIG. 
11c shows four coupling elements, two of the coupling 
elements protruding laterally away from the frame (401) of 
the Substance carrier (40) and connecting the latter by means 
of hooks to two wires or struts of the frame structure (1). The 
other two coupling elements in FIG. 11c protrude upwards 
away from the frame (401) and connect the latter to the 
implant through an opening in the sleeve (2) and on the 
“upper rim of the frame structure (1). The coupling may be 
carried out by means of positive locking, non-positive 
locking and/or material bonding. In the case of positive 
coupling, the at least one coupling option may include a 
loop, a hook, an eyelet, a button or at least one Velcro 
fastening and/or Zip. In the case of non-positive coupling, an 
adhesive connection or a connection by tying with threads, 
lamellae or cables may be used. In the case of materially 
bonded coupling, the connection may be a welded connec 
tion or an adhesive connection. In the present embodiment, 
the coupling is represented with four coupling elements. A 
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Substance carrier (40) may also have one, two, three, four, 
five, six or more coupling elements. 
0187. The pocket (50) in the present embodiment may 
have two openings at opposite ends. The Substance carrier 
(40) may be inserted into the pocket (50) through the first 
opening and exit again through the second opening. The 
pocket (50) may have a removable area (502) on the end face 
which may be delimited by a perforation (503) and/or a 
dummy joint. After insertion and fixing of the Substance 
carrier (40) to the sleeve (2) and/or to the end face of the at 
least one expandable unit (21) and/or the frame structure (1), 
the removable area (502) may be removed. Alternatively, the 
removable area (502) is made, as described above, at least 
partially out of a biodegradable and/or permeable material. 
The removable area (502) may be formed according to the 
description in FIG. 10. Following the removal of the remov 
able area (502), the substance (403) which is located on the 
substance carrier (40) may be brought directly into contact 
with the surface of the heart. The pocket (50) may have the 
function of protecting the substance carrier (40) in the 
non-expanded state of the implant. The pocket (50) may 
increase the positional accuracy of the Substance carrier 
(40). An advantage of the embodiment shown in FIG. 11c is 
the additional fixing of the substance carrier (40) in the 
frame structure (1) with simultaneous protection of the 
substance carrier (40) through the pocket (50) which is 
shown here in the form of a protective sleeve. 
0188 FIG. 11d shows a further embodiment of a sub 
stance carrier (40) consisting of a membrane (402) which 
may be directly connected to the inside of the sleeve (2) 
and/or to the end face of the at least one expandable unit 
(21). In this embodiment, a pocket (50) and/or a frame (401) 
may be dispensed with. The connection between the sub 
stance carrier (40) and the surface of the sleeve (2) and/or 
the end face of the at least one expandable unit (21) may be 
carried out in the ways mentioned in a previous section of 
the description. In particular, the at least one coupling (27. 
404) may be designed as a plug connection or as an adhesive 
connection. The at least one coupling (27,404) may also be 
carried out through at least one button-eyelet connection or 
at least one Velcro fastening connection. In the present 
embodiment, the substance carrier (40) may have four 
selective coupling options. The coupling option (27. 404) 
may also be designed as a planar coupling. The coupling (27. 
404) to the surface of the sleeve (2) and/or to the end face 
of the at least one expandable unit (21) may require at least 
one coupling pair (27, 404), it being possible for one 
coupling partner to be affixed to the substance carrier (40) 
and the other coupling partner to be fixed to the surface of 
the sleeve (2) or the end face of the at least one expandable 
unit (21). The application of the substance (403) to the 
Substance carrier (40) may correspond to a previous descrip 
tion. Advantages of Such an embodiment are the simplified 
mounting of the substance carrier (40) in the sleeve (2) or on 
an expandable unit (21) and the fact that a pocket (50) is not 
additionally required in order to keep the Substance carrier 
(40) in position. 
(0189 FIG. 11e shows a further embodiment of the sub 
stance carrier (40). It is similar to the embodiment which is 
described in FIG. 11d. The substance carrier (40) may 
consist of only one membrane (402) to which a substance 
(403) may be applied and may contain no frame (401). The 
coupling (27,404) between the underside of the substance 
carrier (40) and the inside of the sleeve (2) and/or the end 
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side of an expandable unit (21) is designed to be planar in 
this embodiment. The at least one planar coupling option 
(404) may at least partially cover the underside of the 
substance carrier (40). The underside of the substance carrier 
(40) may also have two, three, four, five, six or more planar 
coupling elements (404) which in each case at least partially 
cover the underside. The underside of the substance carrier 
(40) may have one, two, three, four, five, six, seven or more 
planar coupling elements (404). 
0190. The coupling partner of the at least one planar 
coupling element (404) may be the surface of the sleeve (2) 
and/or the end face of the at least one expandable unit (21). 
The surface of the sleeve (2) and/or the end face of the at 
least one expandable unit (21) may also have at least one 
coupling element (404) which serves as a coupling partner 
for the at least one coupling element (404) on the underside 
of the Substance carrier (40). The at least one planar coupling 
element (404) on the underside of the substance carrier (40) 
may have at least one planar cover (405) which may be 
removed in order to release the at least one planar coupling 
element (404) on the underside of the substance carrier (40). 
The complementary coupling area (27) is located on the 
sleeve (2) and/or the at least one expandable unit (21). 
0191 Alternatively, the planar cover (405) may also 
remain on the substance carrier (40) if it itself allows an 
adhesive connection and also has at least one additional 
function. For example, this additional layer (405) may be at 
least partially electrically conductive, raising the possibility 
of applying a potential to the substance carrier (40) or the 
substance (403). This may influence the growth of for 
example, stem cell cultures. In the present embodiment, the 
cover (405) of the at least one planar coupling element may 
be removed. The substance carrier (40) in the present 
embodiment may be mounted and affixed directly onto the 
surface of the sleeve (2) and/or the end face of the at least 
one expandable unit (21). The advantages of the present 
embodiment correspond to those listed in FIG. 11d. The 
planar coupling (27, 404) also allows potentially better 
retention than in the embodiment in FIG. 11d. It may also be 
placed anywhere because no pocket (50) is provided. 
(0192 FIG. 11fshows a further embodiment in which the 
substance carrier (40) consists of at least two parts. One part 
may be a membrane (402) to which a substance (403) may 
be applied. The substance carrier (40) may also consist of at 
least one fixing component (406). The further at least one 
fixing component (406) of the substance carrier (40) may 
serve to position and fix the membrane (402) on the inside 
of the sleeve (2) and/or the end face of the at least one 
expandable unit (21). In the embodiment shown, the at least 
one fixing component (406) is provided as a flat, frame-like 
component. The at least one fixing component (406) may be 
formed like a frame (401) according to the previous descrip 
tion, with the special feature that the membrane (402) to 
which the substance (403) is applied and the frame (401) are 
connected to one another only on insertion into the sleeve 
(2)/onto the expandable unit (21). The underside of the at 
least one fixing component (406) may at least partially 
overlap with the top of the membrane (402). As a result of 
this at least partial overlapping, the membrane (402) may be 
affixed to the surface of the sleeve (2) and/or the end face of 
the at least one expandable unit (21). The underside of the 
at least one fixing component (406) may be connected to the 
inside of the sleeve (2) and/or the end face of the at least one 
expandable unit (21) by means of at least one coupling (27. 
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406). The at least one coupling (27,406) may be designed 
as a plug connection or as an adhesive connection. The at 
least one adhesive connection (27,406) may be produced in 
the form of a self-adhesive film which may be connected to 
the surface of the sleeve (2) and/or the end face of the at least 
one expandable unit (21). The self-adhesive film may consist 
of a base layer, an adhesive layer and a protective film which 
protects the adhesive layer for example from contact with 
water. The base layer may consist of polyurethane, silicone 
or polytetrafluoroethylene (PTFE). A silane layer may pos 
sibly be used as a single-component adhesive layer in a 
self-adhesive film. Other kinds of adhesive connection are 
also conceivable. The hardening takes place after removal of 
the removable protective layer in moist Surroundings 
through water. The at least one coupling may also be carried 
out through at least one button-eyelet connection or at least 
one Velcro fastening connection. 
0193 In respect of each of the abovementioned embodi 
ments, the substance carrier (40) may be provided with the 
substance (403) only directly before implantation of the 
implant under operating conditions by a person in the 
operating theatre, and may then be inserted into the device, 
for example into a pocket (50), onto the inside of a sleeve (2) 
and/or onto the end side of an expandable unit (21). Alter 
natively, a substance carrier (40) already provided with a 
substance (403) may be used and the latter may be inserted 
into the device under operating conditions. Alternatively, the 
substance carrier (40) may be inserted into a pocket (50), 
into the sleeve (2) and/or onto the end side of an expandable 
unit (21) right during production of the device and may be 
provided with a substance (403) during production of the 
device or at a later time, for example before implantation of 
the device. Irrespective of the degree of preparation of the 
substance carrier (40)/of the device, pretreatment of the 
substance carrier (40) and/or of the substance (403) may be 
required before implantation of the device. Pretreatment of 
the substance (403) and/or of the substance carrier (40) may 
involve flushing with a buffer (for example Phosphate 
Buffered Saline, PBS) to set a specific pH value, flushing 
with a nutrient Solution, setting a temperature or a combi 
nation thereof. Alternatively, a device with a substance 
carrier (40) on which no substance (403) is yet provided may 
also be implanted. The substance (403) may then be added 
after implantation has been carried out. Details of this are 
provided in a Subsequent section. An advantage of this 
embodiment is the division of functions into a pure sub 
stance carrier (40) and a fastening frame (406), which may 
make production of the individual parts less complex and 
also simplify handling upon use. 
0.194. A further embodiment of the substance carrier (40) 
may be porous. The substance carrier (40) may therefore 
store the substance (403) within it like a sponge and release 
it, for example, when pressure is applied. Through the 
enlarged surface area and through the use of biocompatible 
materials or a biocompatible coating, the Substance carrier 
(40) in such an embodiment may also be provided with 
living cells which may transfer from it to the surface of the 
heart, for example if it is in permanent contact with the latter. 
0.195 The substance carrier (40) may comprise at least 
one sensor and/or at least one electrode. The sensor here may 
be a temperature sensor, a pressure sensor, a pH sensor, an 
oxygen sensor, a CO sensor, an optical sensor, a conduc 
tivity sensor or an impedance sensor. Possible functions of 
the sensors are mentioned in a previous section. With the aid 
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of a sensor, the conditions on and around the Substance 
carrier (40) may be detected in order, for example, to 
indicate whether contact is being made with the surface of 
the heart. 
0196. The substance carrier (40) may also comprise at 
least one radiopaque marking (407) by means of which the 
position of the substance carrier (40) during and after 
implantation may be checked. Alternatively, or in addition, 
the pocket (50) may comprise a radiopaque marking (505). 
0.197 FIGS. 12a and b show two embodiments of the 
implant (100). A partial section through the sleeve (2) 
provides a better view of the substance carrier (40) which is 
affixed to the at least one expandable unit (21). The at least 
one expandable unit (21) may be provided with a delivery 
and discharge line (213). 
0198 FIG. 12a shows an embodiment of the implant 
(100) in which the substance carrier (40) without a pocket 
(50) may be affixed directly onto the end face of the at least 
one expandable unit (21). The fixing may be carried out with 
the aid of in this case punctiform couplings (27,404). The 
punctiform couplings (27. 404) may be plug connections, 
button-eyelet connections or adhesive connections, or alter 
natively Velcro fastening connections. The Substance carrier 
(40) may consist of a membrane (402) and comprise a 
substance (403) applied thereto. Alternatively, the substance 
carrier (40) may have a frame (401) over which a membrane 
(402) is stretched, onto which in turn the substance (403) 
may be applied. Embodiments of a substance carrier (40) 
differing herefrom are also conceivable. 
(0199 FIG. 12b shows an embodiment of the implant 
(100) in which the substance carrier (40) may be inserted via 
an opening (501) into a pocket (50) and affixed directly onto 
the end face of the at least one expandable unit (21). The 
pocket (50) may have a removable area (502) which may 
provide a window in the pocket (50) after it has been 
removed. The removable area (502) may be defined by a 
perforation (503) which may facilitate the removal of the 
removable area (502). As a result, the substance applied to 
the substance carrier (40) may be brought into contact with 
the surface of the heart through the window. The coupling of 
the substance carrier (40) to the surface of the at least one 
expandable unit (21) may be carried out via a planar 
coupling option (27, 404), for example a planar adhesive 
connection to the underside of the substance carrier (40) 
which at least partially covers the underside of the substance 
carrier (40). In the embodiment shown, the at least one 
expandable unit (21) is structured as an inflatable chamber. 
This may be an inflatable chamber which is filled with a 
fluid. Liquids or gases may be used as fluids. Alternatively, 
the inflatable chamber may also be filled with solids (for 
example nanoparticle mixtures). Alternatively, the inflatable 
chamber may also be filled with liquids and/or gases and/or 
solids. The present embodiment of the implant (100) has an 
inflatable unit which may be filled with a gas mixture (air) 
and which is Supplied with a gas mixture via a pneumatic 
line (213). The pneumatic line (213) may be passed through 
the fixing sleeve (41) and the cable harness (4) here. 
0200 FIG. 13 shows an embodiment of the at least one 
substance carrier (40) of the implant in the form of a 
container (40), a substance delivery line (408), a substance 
discharge line (409), a sensor (4010) and an adjuster (4011). 
0201 The material of the substance carrier (40) may be 
the same as that of the at least one expandable unit (21). A 
different material therefrom may also be chosen. Possible 
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materials are specified elsewhere. For the purposes of deliv 
ering, replacing and/or refilling Substance (403) into the 
device in the implanted State, the device may also contain at 
least one substance delivery line (408). In order to discharge 
old, used or therapeutically no longer active substance (403) 
from the implanted device or else for the purposes of 
flushing the substance carrier (40) and/or the membrane, the 
device may also contain at least one substance discharge line 
(409). The at least one substance delivery line (408) and/or 
Substance discharge line (409) may in each case end outside 
the body. In this embodiment, the substance carrier (40) 
may, after implantation, be filled from outside the body with 
the substance (403) itself or with a liquid which contains the 
at least one substance (403). In the exemplary embodiment 
shown, the substance carrier (40) may be filled via a manual 
delivery device (4014), for example a syringe, which con 
tains the substance (403). Machine-controlled delivery is 
also conceivable. The substance carrier (40) may have at 
least one discharge line (409) via which a liquid may be 
removed from inside the substance carrier (40). The sub 
stance carrier (40) may be emptied from outside the body. 
The possibility of at least partially filling and emptying from 
outside the body may serve to set the quantity of the at least 
one substance (403), to set the concentration in the event that 
the Substance (403) is an active agent, or to replace the liquid 
containing the substance (403). The at least one substance 
carrier (40) may also only have a shared substance delivery 
and discharge line. The at least one Substance delivery line 
(408) and/or the at least one substance discharge line (409) 
may also be fed out of the body in the cable harness. The 
plug parts on the cable harness may contain ports for the 
connection of substance lines and the Substance lines may be 
connected to these ports. The plug parts may be connected 
to a Supply unit. The delivery or discharge of Substance 
(403) from a substance carrier (40) may also be regulated 
through the Supply unit. The Supply unit may correspond 
ingly contain, for this purpose, a Substance reservoir, a feed 
pump and/or a pressure reservoir, Valves and electric com 
ponents for controlling the components, for example a 
microcontroller. 

0202 The substance carrier (40) may have a removable 
area (502) on its end face which may be removed and which 
may provide a window into the inside of the substance 
carrier (40). Through the window, the contents of the sub 
stance carrier (40) may come into contact with the Surface of 
the heart or the inside of the pericardial cavity. The remov 
able area (502) of the substance carrier (40) may be removed 
from the substance carrier (40) via a device provided for that 
purpose from a locationally remote point. This point may lie 
outside the body. A mechanism may lead to the removal of 
the removable area on the substance carrier (40). 
0203. In FIG. 13, this mechanism is designed with the aid 
of cords (504). Exemplary embodiments may comprise at 
least one cord provided to remove the removable area, a 
thread or a cable, for example as part of a cable control. 
Alternative mechanisms are also conceivable. In the present 
exemplary embodiment, two cords (504) are connected to 
those corners of the removable area (502) lying at the top. 
The removable area of the substance carrier (40) may be 
removed by pulling on the cords (504). The cords (504) may 
be designed as part of the cable harness and may be pulled 
from outside the body. The position of the removable area 
after removal from the substance carrier (40) may be in a 
cavity in the fixing sleeve lying inside the epicardium. 

26 
Jan. 12, 2017 

Alternatively, the removable area (502) is made, as 
described above, at least partially out of a biodegradable 
and/or permeable material. Further characteristics of the 
removable area are described in previous sections. 
0204 The substance carrier (40) may also be designed as 
at least one fillable and/or emptyable container for storing 
substance (403). The at least one container may alternatively 
also be coupled directly to a substance carrier (40) so that 
substance (403) may transfer from the container (40) onto 
the membrane. For example, a container (40) may be located 
directly on the back of a substance carrier (40) and the 
coupling point may be arranged to be permeable or perfo 
rated. If the container (40) is not in direct contact with a 
Substance carrier (40), a Substance-conducting connection 
from the container (40) to the membrane may also be 
produced through a channel or hose. The container (40) may 
have at least one delivery line (408) through which a 
substance (403) or a fluid which contains the at least one 
substance (403) to be inserted may be delivered into the 
container (40). The container (40) may also have a discharge 
line (409) via which substance (403) may be removed from 
the container (40) out of the body. 
0205 The substance carrier (40) may also comprise at 
least one sensor (4010). The at least one sensor (4010) may 
detect a parameter of the substance carrier (40) and/or of the 
content of the substance carrier (40). Variables detectable 
through the at least one sensor (4010) may be the compres 
sive or tensile stress in the substance carrier (40), the pH 
value, the temperature, an electric voltage, the osmolarity, 
the oxygen concentration, the CO concentration, the elec 
trical conductivity, the optical density, an active agent con 
centration, the presence of liquid and/or substance (403) or 
a combination thereof. The position of the at least one sensor 
(4010) on the substance carrier (40) may be such here that 
it enables optimal detection of the parameter of the sub 
stance carrier (40) and/or of the substance (403) contained 
therein to be detected. 
0206. The substance carrier (40) may also comprise at 
least one adjuster (4011) to influence at least one parameter 
of the substance carrier (40) and/or of the substance (403). 
In the present exemplary embodiment, a heating coil (4011) 
is shown by way of example. The at least one heating coil 
(4011) may be used to adjust the temperature in the sub 
stance (403) or on the substance carrier (40). It is possible 
hereby to influence, for example, the growth conditions for 
living biological cells. 
0207. The substance carrier (40) may comprise at least 
two electrodes (4012) which may be connected to a supply 
unit via electric lines (4013). The two electrodes (4012) may 
be an adjuster (4011). Via the electrodes (4012), an electrical 
voltage may be applied to the substance carrier (40), the 
membrane and/or the liquid located in the Substance carrier 
(40) which contains the substance (403). The application of 
an electrical Voltage may change the characteristics of the 
substance (403) located in the substance carrier (40). The 
application of an electrical Voltage may influence the growth 
of living biological cells located in the Substance carrier 
(40). 
(0208. In FIG. 13, the substance carrier (40) is affixed to 
the end side of an expandable unit (21). With the aid of the 
expandable unit (21), contact may be made between the 
substance carrier (40) or its contents and the surface of the 
heart by filling and emptying the expandable unit (21). With 
the aid of the at least one expandable unit (21) to which the 
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substance carrier (40) is affixed, the contact pressure of the 
substance carrier (40) against the surface of the heart may be 
set by delivering and discharging a fluid via the pneumatic 
line (213). With the aid of the at least one expandable unit 
(21) to which the substance carrier (40) is affixed, the contact 
pressure of the Substance carrier (40) against the Surface of 
the heart may be adjusted as required. If the expandable unit 
(21) is, for example, structured as an inflatable chamber, the 
contact pressure against the Surface of the heart may be 
regulated by delivering or discharging a pressurized fluid via 
the line (213). The filling with fluid or the discharging of the 
fluid may be regulated so that constant contact pressure of 
the Substance carrier (40) against the heart muscle always 
prevails. Alternatively, temporally and periodically alternat 
ing pressure patterns may also be applied. For example, a 
lower contact pressure may be applied during the systole 
than during the diastole or correspondingly conversely. This 
has the advantage that the behaviour of the body's own cells 
and of the therapeutic (stem) cells may be influenced as a 
function of the contact pressure and therapeutic efficiency 
may therefore be improved. 
0209 FIGS. 14a to d show various embodiments of a 
Substance carrier (40) which may be exposed to a mechani 
cal load. A mechanical load on the substance carrier (40) 
may lead to a mechanical load on the membrane (402) and 
the substrate located thereon. If the substrate contains living 
cells, different what are referred to as cytokines may be 
secreted if cell physiology is influenced owing to the 
mechanical load. Depending on the cytokines secreted from 
the cells, it may be possible, for example, to regulate 
therapeutic efficiency in order to regenerate ischaemic myo 
cardium tissue after a myocardial infarction. 
0210 FIGS. 14a and b show exemplary embodiments in 
which the tensile stress of the substance carrier (40) may be 
set via a mechanical adjustment mechanism (4017) in the 
form of coupling elements (4015), a fraction element (4016) 
and a winder (4017). The substance carrier (40) may be 
coupled to the frame structure (1). This coupling may be 
produced in this exemplary embodiment through coupling 
elements, for example through at least one strut, a thread, a 
cable or at least one wire. The at least one coupling element 
is affixed to a substance carrier (40) and may be coupled at 
the end thereof to the frame structure (1), in particular to a 
frame segment running along the circumference. A traction 
element (4016), for example a wire, a thread or a plastic 
strip, may also be affixed to the substance carrier (40), the 
other end of which traction element (4016) is coupled to a 
winder. Via the winder, the state of axial stress of the 
substance carrier (40) may be set. Through setting of the 
state of axial stress, the growth of living biological cells 
located on the substance carrier (40) and the physiology of 
the living biological cells may be influenced. Via the winder, 
a tensile stress may be applied to one end of the Substance 
carrier (40). Depending on the embodiment of the cable 
control, a tensile stress may also be applied via the winder 
to both ends of the substance carrier (40). The tensile stress 
may be constant. The tensile stress may also be transient in 
order, for example, to produce a pulsatile stress similar to a 
physiological stress. 
0211 FIG. 14c shows a further embodiment of a device 
for setting the mechanical load on the substance carrier (40) 
with the aid of an expandable unit (21). The substance 
carrier (40) may be mounted via an expandable unit (21) 
which may be incorporated into the sleeve (2). In the present 
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exemplary embodiment, the expandable unit (21) for adjust 
ing the mechanical load is represented as an inflatable 
chamber. An expandable unit (21) may press the Substance 
carrier (40) against the surface of the heart. The substance 
carrier (40) may also be larger than an expandable unit, 
whereby the expandable unit (21) may be at least partially 
covered by the substance carrier (40). In this case, an 
expansion of the expandable unit leads to an elongation of 
the substance carrier (40) and/or the substance carrier (402) 
and the substance (403) located thereon, as a result of which 
mechanical load may be built up. The amount of the 
elongation and/or stress produced may be regulated via the 
stroke of the expansion of the expandable unit (21). 
0212 FIG. 14d shows an exemplary embodiment of a 
Substance carrier (40) which may be exposed to a mechani 
cal load. The substance carrier (40) may be affixed pre 
stressed to the sleeve (2) and/or the end face of the at least 
one expandable unit (21). The substance carrier (40) may 
have, on its underside, at least one planar coupling element 
with which a preferably materially bonded connection 
between the substance carrier (40) and the surface of the 
sleeve (2) and/or the at least one expandable unit (21) may 
be formed. The materially bonded connection may be an 
adhesive connection. The State of stress may be set in a 
targeted manner through at least one marking (28) applied to 
the surface of the sleeve (2) and/or the end face of the at least 
one expandable unit (21). This at least one marking (28) may 
indicate how far the substance carrier (40) has to be elon 
gated in order to build up the stress to be set. The at least one 
marking (28) may indicate a distance. The at least one 
marking (28) may also copy the outlines of the elongated 
substance carrier (40) so that the elongation state to be set 
during fixing is assured. Alternatively, to fix the prestressed 
Substance carrier (40), positive connection may also be used 
in order to produce the state of stress to be set. The positive 
connection may be a button-eyelet connection, a push 
button connection, a Velcro fastening connection or a hook 
eyelet connection between the coupling elements (27,404). 
To facilitate elongation of the Substance carrier (40), grips 
may be provided in the form of loops or wings on the 
Substance carrier (40) which cannot undergo any coupling 
with the surface of the sleeve. It is therefore possible to pull 
on these grips without impairing the coupling Surface or 
coupling points through contact with the skin. 
0213 FIG. 15 shows an embodiment of the at least one 
actuator unit (51) which may set the volume of the at least 
one expandable unit (21) via the pneumatic line (213). 
Embodiments of the device according to the invention may 
have at least one actuator unit (51). An embodiment of the 
actuator unit (51) is represented which may comprise a 
reservoir space (513) filled with a fluid and surrounded by a 
membrane (512) (this fluid may be a gas and/or a liquid), a 
drive unit (514) (which may be an electric motor or a 
pneumatic unit), a connecting rod (515) and a piston (516). 
The reservoir space (513) may be delimited by a membrane 
(512). This membrane (512) may be elastic. The membrane 
(512) may be made out of the same material as the at least 
one expandable unit (21). The membrane (512) may also be 
made out of a different material from the at least one 
expandable unit (21). The membrane (512) may be made out 
of polyurethane, silicone or polytetrafluoroethylene. The 
membrane (512) may be ellipsoid in shape. The membrane 
(512) may also be other than ellipsoid in shape. The piston 
(516) may be part of the membrane (512). The piston (516) 
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may also be designed as a separate part. The reservoir space 
(513) is connected to the space of the at least one expandable 
unit (21) via a line. The reservoir space (513) may lie outside 
the body. The reservoir space (513) may also lie inside the 
body. The reservoir space (513) may be accommodated in 
the Supply unit. The space of the at least one expandable unit 
(21) of the implant may be the chamber space (215) of an 
inflatable, bellows-like chamber. The reservoir space (513) 
may be larger than the chamber space (215). The overall 
space, consisting of the reservoir space (513), the chamber 
space (215) and the line space, is sealed and filled with a 
fluid. The fluid may be a gas and/or a liquid. 
0214. The piston (516) may reduce the reservoir space 
(513). The piston (516) may reduce the reservoir space (513) 
by pressing in the membrane (512). The piston (516) may 
press in or release the membrane (512) through a transla 
tional movement. The pressing in or the releasing of the 
membrane (512) by the piston (516) may also be achieved 
through a movement of the piston (516) differing from a 
translational movement. The pressing in or the releasing of 
the membrane (512) may be achieved through a combination 
of translational and rotatory movements. By changing the 
reservoir space (513), the chamber space (215) may be 
changed owing to the sealed nature of the overall space. As 
a result, the pressure exerted by the at least one expandable 
unit (21) on the surface of the heart may be set. 
0215. The piston (516) may be moved by means of a 
device provided for that purpose and made to press in or 
release the membrane (512) of the reservoir space (513). The 
device may be an eccentric disc. This device may also differ 
in shape from an eccentric disc. This device may be a 
crankshaft. The device may carry out a rotatory movement 
for the purposes of moving the piston (516). The device may 
also carry out a translational movement or a combination of 
translational and rotatory movements for the purposes of 
moving the piston (516). Through movement of the device, 
the piston (516) may be moved and this may change the 
reservoir space. 
0216. The device may also be identical to the piston 
(516). In such an embodiment, the device may be used to 
change the reservoir space (513). 
0217. An embodiment of the drive unit (514) of the at 
least one expandable unit (21) may comprise a device for 
moving the piston (516). This device for moving the piston 
(516) may be an eccentric disc which may be moved by 
means of a motor unit. This motor unit may be an electric 
motor. The motor unit may also be a pneumatic unit. The 
eccentric disc may be positioned on the drive shaft of the 
motor unit. The drive shaft of the motor unit may rotate 
axially. The control variable of the motor unit may be the 
speed of the shaft. The control variable of the motor unit 
may also be a translational stroke. The motor unit may 
change the reservoir space (513) through a translational 
stroke movement. The motor unit may set a temporally 
constant stroke. The motor unit may also set a temporally 
variable stroke. 

0218. One embodiment of the actuator unit (51) may also 
have a further option for setting (517) the reservoir space 
(513). This setting option (517) may be static. The setting 
option may be a stroke element. In the present embodiment, 
the stroke element (517) may be adjusted via a rotary button 
(518). The setting of the stroke element (517) may also be 
carried out via an operating element differing from a rotary 
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button, for example by means of a slide control which may 
control the setting of the stroke element. 
0219 FIG. 15 shows an embodiment of the actuator unit 
(51) in which the eccentric disc is designed by means of a 
connecting rod (513) mounted eccentrically on the motor 
shaft. The position of the connecting rod (513) is set by 
means of a motor unit (514) which may be an electric motor. 
The end of the connecting rod (513) not mounted eccentri 
cally on the motor shaft may be coupled to the membrane 
(512) of the reservoir space (513) via an intermediate piece. 
The coupling may be carried out by gluing, welding or 
Vulcanization or another joining technique or form of cou 
pling. A change in the position of the connecting rod (513) 
may bring about a change in the reservoir space (513) 
whereby the chamber space (215) of the at least one expand 
able unit (21) may change. The reservoir space (513) may be 
larger than the chamber space (215). The motor unit may be 
operated by means of the energy store contained in the 
Supply unit to Supply energy to the implant. 
0220 FIG. 16 shows an embodiment of the implant (100) 
which may consist only of the frame structure (1), at least 
one sleeve (2), the at least one expandable unit (21) and at 
least one Substance carrier (40) with at least one substance. 
The implant may therefore be implanted entirely into the 
body or into the pericardial cavity (902) through a surgical 
opening (903) made in the pericardium (901) without any 
outlet through an artificial body opening, a pericardium 
sluice or a cable harness having to be produced. An advan 
tage of this embodiment is the lower risk of infection by 
avoiding any artificial body opening, its simple implantabil 
ity because the pericardium may be Stitched together again, 
and the simple structural form which may be material-saving 
and cost-saving. 
0221) The at least one expandable unit (21) may, for 
example, be a pneumatic unit in the form of a patch that may 
be filled with a fluid and that may have static pressure 
exerted upon it. As a result, constant contact between the 
surface of the heart and the at least one substance carrier (40) 
mounted on the at least one expandable unit (21) may be 
guaranteed. Alternatively, the expandable unit (21) may also 
be designed as a sponge or with the aid of a spring, for 
example made of nitinol, and may be set to specific degree 
of expansion by means of this spring. 
0222. The at least one sleeve (2) may have at least one 
opening (26) by means of which the exchange of liquid 
within the pericardial cavity (902) may be guaranteed. The 
frame structure (1) may also have an opening (15) coinci 
dentally with the sleeve (2). 
0223) The frame structure (1) may have at least one 
coupling point (18) at the end near to the apex of the heart 
which may be removed minimally invasively from body 
with a set of explantation instruments suitable for the 
purpose or an explantation device similar to the one 
described in a previous section. 
0224 Further embodiments entirely implantable into the 
body may consist of only a frame structure (1) with at least 
one expandable unit (21) and/or only at least one Substance 
carrier (40) with at least one substance without the implant 
comprising a sleeve (2). Yet further embodiments may 
consist of a sleeve (2) with at least one expandable unit (21) 
and/or only at least one substance carrier (40) with at least 
one Substance without the implant comprising a frame 
structure (1). In this case, the wall thickness of the sleeve (2) 
may be arranged to be so thick that the sleeve (2) alone 
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without the frame structure (1) is sufficiently stiff to remain 
in the body in the correct fit. For example, such a sleeve (2) 
may be made out of silicone with a wall thickness of 0.5 mm 
to 5 mm, or a wall thickness of 1 mm to 3 mm. 
0225. In some embodiments, the implant (100) may be 
made in at least one part out of at least one biodegradable 
material. An advantage of the embodiment of part of the 
implant (100) made of a biodegradable material, for example 
in the case of a biodegradable frame structure (1), is the 
easier removal from the body because the stiff frame struc 
ture (1) no longer has to be removed from the body. An 
advantage of an implant (100) made entirely out of biode 
gradable material is that there is no longer any need for 
explantation. 
0226 FIG. 17 shows geometries of the frame structure 
(1) which may be designed such that pointed and sharp 
edged parts of the frame structure (1), which are often 
located at ends (19) of the frame structure (1), increase the 
risk of penetration through the sleeve at least partially 
Surrounding the frame structure (1) or of damage to the body 
tissue. 

0227 FIG. 17 shows various embodiments of end fittings 
(60) which may serve to cover pointed or sharp-edged parts 
of the frame structure (1). This may be advantageous 
because the risk of penetration by the frame structure (1) 
through the sleeve pulled over it (not shown) may thereby be 
minimized. Moreover, the risk that parts of a potentially 
pointed or sharp-edged geometry of the frame structure (1) 
will damage body tissue may be removed. 
0228 FIG. 17a shows the geometry of a frame structure 
(1) over which end fittings (60) may be pulled. These end 
fittings (60) may consist of an elastic, preferably soft mate 
rial. The end fittings (60) may consist of a plastic or a 
polymer. For example, the end fittings (60) may consist of 
silicone or polyurethane. The end fittings (60) may also 
consist of materials other than silicone or polyurethane. The 
end fittings (60) may alternatively consist of a plastic foam. 
The aim of the end fitting (60) is to prevent penetration by 
the frame structure (1) through the sleeve pulled over it 
and/or damage caused to body tissue by the frame structure 
(1). 
0229. The end fittings (60) may be coupled to the frame 
structure (1). Coupling options are, for example, non-posi 
tive, materially bonded and/or positive connections. The end 
fittings (60) may, for example, be glued to the frame 
structure (1). They may be stuck to the frame structure (1). 
However, they may also be stuck together through an 
opening in the frame structure (1). Alternatively, fixing may 
also be carried out with the aid of pins or buttons (602). For 
a connection with buttons, the at least two complementary 
coupling points (601) required for this purpose may be part 
of the end fitting (60). Alternatively, an end fitting (60) may 
also only be placed at the corresponding point on the frame 
structure (1) and then coupled to the sleeve, for example 
stuck. 
0230. The end fittings (60) may have at least one cavity 
(603) which may be suitable for feeding in part of the frame 
structure (1). As a result, the retention of an end fitting (60) 
on the frame structure (1) may be improved. 
0231 FIG. 17b shows a further embodiment of an end 

fitting (60) which may be laid in the form of an at least 
partial ring over at least part of the circumference of the 
frame structure (1). The material of the end fitting (60) may 
be considerably elastically deformable and flexible so that it 
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may be converted, when inserting or removing the implant, 
from an expanded into a non-expanded State and Vice versa 
without being damaged itself and without damaging other 
components or any body tissue. 
0232 FIG. 17c shows a geometry of the frame structure 
(1) together with an associated end fitting (60) in which, 
through appropriate cutting of the initial geometry, the 
slotted tube (20), an atraumatic form may be produced. This 
form minimizes the risk of body tissue injury through 
penetration, impaling, cutting or scratching by the frame 
structure (1) and the risk of the frame structure (1) breaking 
through the at least one sleeve Surrounding the frame 
structure (1). The cutting may, for example, be designed 
such that the respective last slots on at least one end (19) of 
the slotted tube are arranged such that there is no longer any 
material connection between the struts protruding through 
the slots. Free-standing ends may therefore be produced. 
Upon widening of the structure, during the course of which 
the expanded geometry (as described in a previous section) 
is established through heat treatment, the free-standing ends 
of the frame structure (1) may be deformed such that the 
established geometry at the ends in the expanded State is 
curved so that these ends take on an atraumatic form. In 
addition, these already atraumatically formed ends may also 
be covered and secured with end fittings (60) of suitable 
shape. The risks described above may therefore be further 
reduced. 

0233 FIG. 18 shows a step during the removal of the 
implant (100) from the body. An embodiment of the explan 
tation device (70) may consist of a cylindrical explantation 
tube (701). The explantation tube (701) has a proximal end 
facing the operator and a distal end which is inserted into the 
patient. The cylindrical explantation tube (701) has a radial 
widening at the distal end. The explantation device (70) may 
also consist of a traction element (704) with an external 
thread with a clamp (705) at the distal end of the traction 
element (704), an end fitting (702) with an axial bore and a 
nut (703). 
0234. As shown in FIG. 18, thoracotomy or a mini 
thoracotomy allows access to the implanted device. The 
sealing of a pericardium opening (903) guaranteed by a 
pericardium sluice (3) may be removed in order to position 
the explantation device. The pericardium sluice (3) may 
remain in its position in the body here as it does not obstruct 
the explantation process. Alternatively, the pericardium 
sluice (3) may be removed as it is not otherwise required for 
the explantation. At least part of the cable harness (4) may 
be separated off to facilitate the procedure, for example by 
cutting away or clipping off. For explantation of the implant 
(100), the explantation tube (701) may first be inserted into 
the body so that the distal end of the tube is located inside 
the pericardial cavity and/or, if there is one, a pericardium 
sluice (3). The cable harness (4) leading away from the 
implant (100) or the remaining part of a separated cable 
harness (4) may be passed through the inside of the explan 
tation tube (701). A fraction element (704) may be passed 
into the explantation tube (701) from outside. The traction 
element (704) may have an inner lumen through which at 
least part of the cable harness (4) may be passed. The 
traction element (704) may comprise a thread, for example 
an external thread. At the front end of the traction element 
(704) there may be a clamp (705) which at least partially 
Surrounds the cable harness (4) and may be firmly coupled 
to the cable harness (4). Alternatively to the clamp (705) on 
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the cable harness (4), a clamping device may also be located 
on the traction element (704), it being possible for this 
clamping device to be coupled to the fixing sleeve (41) of the 
cable harness (4). The traction element (704) and the clamp 
(705) may be two or more parts, but may also consist of just 
one part. The explantation device (70) may also comprise an 
end fitting (702) with an opening, for example a bore, which 
may be placed at the proximal end of the explantation tube 
(701). The end fitting (702) may be coupled to the explan 
tation tube (701), for example with the aid of a centring pin 
(706), such that the end fitting (702) cannot be twisted 
towards the explantation tube (701). The traction element 
(704) may be fed through the opening in the end fitting 
(702). The traction element (704) and the end fitting (702) 
may be secured against twisting towards one another. The 
explantation device may also contain a nut (703), for 
example a milled nut, which has an internal thread which 
may be brought into engagement with the external thread of 
the traction element (704). By turning the nut (703), a tensile 
force may be exerted on the traction element (704) here 
which is in turn coupled to the cable harness (4)/the implant 
(100) and which serves to pull the implant (100) into the 
explantation tube (701). The advantage of this explantation 
device (70) is that the tensile force required is exerted by the 
nut (703), the fraction element (704) and the clamp (705) on 
the implant (100) and the counterforce is applied as com 
pressive force by the implant (100) on the explantation tube, 
the end fitting (702) and the nut (703). The explantation 
device (70) is therefore outwardly force-free, that is to say 
no forces are exerted on the heart or the body of the patient 
during explantation (for example for Support or the like). 
When the implant (100) is then located far enough inside the 
explantation tube (701), the entire explantation device (70) 
together with the implant (100) may be removed from the 
body. The pericardium and the thoracotomy required for 
explantation may then be suitably closed. 
0235. As shown in FIG. 18, the distal end of the explan 
tation tube (701) may be fed through the pericardium sluice 
(3) into the pericardial cavity. The inside of the explantation 
tube (701) defines the explantation channel into which the 
implant (100) is at least partially pulled during explantation. 
For the purposes of explantation, the implant (100) may be 
converted into a compressed State. The explantation tube 
(701) may have a radial, funnel-shaped widening at the 
distal end. This widening allows explantation of the implant 
(100) with low risk of injury because, for example, parts of 
the implant (100) are prevented from catching, jamming 
and/or becoming blocked at the distal end. The widening 
may also serve to compress the implant (100) in a defined 
manner when it is pulled into the explantation tube (701). 
The angle of opening of the radial widening may be between 
0° and 150°, between 10° and 90° or between 20° and 60°. 
The length of the explantation tube (701) may be between 4 
cm and 40 cm, or between 6 cm and 25 cm. The length of 
the explantation tube (701) may be chosen so that the 
implant (100) may be partially or entirely accommodated in 
the tube in the compressed state. The internal diameter of the 
explantation tube (701) may be between 2 cm and 5 cm, or 
between 3 cm and 4 cm. The wall thickness of the explan 
tation tube (701) may be between 0.1 mm and 3 mm, or 
between 0.5 mm and 1.5 mm. The wall thickness may 
decline towards the distal end of the explantation tube (701) 
in order to facilitate the pulling of the implant (100) into the 
explantation tube (701). The clamp (705) may be designed 
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as at least a single part. However, it may also be designed to 
be multi-part so that it may be laid around the cable harness 
(4) or the fixing sleeve. The internal diameter of the clamp 
(705) may be at least as large as the external diameter of the 
cable harness or of the fixing sleeve. The internal diameter 
of the clamp (705) may be variable. The clamp (705) may be 
designed similarly to a hose clamp. For example, a clamp 
(705) may be used which has an internal diameter that is 
larger than the external diameter of the cable harness (4) or 
of the fixing sleeve so that the clamp (705) can easily be fed 
over the cable harness (4) or the fixing sleeve. As soon as the 
clamp (705) is then able to sit in the sought position, the 
internal diameter may then be reduced in order to couple the 
clamp (705) to the cable harness (4)/to the fixing sleeve, for 
example similarly to the functional principle of a hose 
clamp. By reducing the diameter, the seating and the slip 
resistance of the clamp (705) in relation to the cable harness 
(4)/the fixing sleeve to be gripped may be increased. An 
additional improvement in relation to seating and the slip 
resistance may be achieved by structuring the internal wall 
of the clamp (705), for example in the form of teeth, prongs 
or grooves. The wall thickness of the clamp (705) may be 
between 0.1 mm and 2 mm, or between 0.3 mm and 1 mm. 
In the embodiment shown in FIG. 18, the clamp (705) and 
the traction element (704) are designed as one part. Alter 
natively, the traction element (704) with the clamp (705) 
may be designed similarly to a collet through which the 
cable harness (4) may be fed. The longitudinal fraction 
element (704) with the clamp (705) may have at least one 
slot in the longitudinal direction starting at the distal end 
here, the slot extending over at least a quarter of the total 
length of the traction element (704). The external diameter 
of the traction element (704) in the slotted area may increase 
towards the distal end here so that the slotted area of the 
fraction element (704) is compressed upon screwing into the 
end fitting (702) and, for example, the cable harness (4) or 
the fixing sleeve is clamped. This embodiment has the 
advantage that the clamp (705) does not have to be manually 
clamped to part of the implant (100) by the operator because 
a clamp (705) in the form of a collet automatically com 
presses as soon as the slotted area of the traction element 
(704) with an increasing external diameter is compressed by 
the end fitting (702) of the explantation device (70). The 
further the slotted traction element (704) is screwed into the 
end fitting (702) here, the greater the clamping force may 
become. 

0236. The aim of the end fitting (702), amongst other 
things, is to prevent any relative twisting of the explantation 
tube (701) and traction element (704) with respect to one 
another and to convert a turning of the nut (703) into a 
translational movement of the fraction element (704), for 
example, by means of a tongue-and-groove connection, as 
shown in FIG. 18, in which the traction element (704) has a 
longitudinal groove into which a nib of the end fitting (702) 
engages. Alternatively, the end fitting (702) may, instead of 
a nib, also have a slot nut or a different guide element. The 
end fitting (702) may not twist towards the explantation tube 
(701) either. Without the end fitting (702), the turning of the 
nut (703) could cause a twisting of the traction element (704) 
which could cause a twisting of the implant (100) and 
possible injury of the patient. The end fitting (702) is 
designed as at least a single part. However, it may also be 
designed to be multi-part so that it may more easily be laid 
around the cable harness (4). The end fitting (702) may be 
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coupled to the proximal end of the explantation tube (701), 
for example through centred positioning, screwing or a 
bayonet catch. In the embodiment of the explantation device 
(70) shown, the clamp (705) with the traction element (704) 
protrudes through the centric axial bore of the end fitting 
(702). The coupling of the end fitting (702) to the explan 
tation tube (701) may be secured against the relative twisting 
of the explantation tube (701) and end fitting (702), for 
example through a centring pin, a splint, a screw, a bolt or 
a groove into which an engagement element may be 
coupled. The diameter of the centric axial bore may be of the 
order of size of the external diameter of the traction element 
(704). The external diameters of the end fitting (702) shown 
in the drawing are similar to the diameters of the explanta 
tion tube (701) such that a secure seating of the end fitting 
(702) on the explantation tube (701) is guaranteed. The 
turnable nut (703) may now be screwed onto the cable 
harness clamp. As soon as the nut (703) comes into contact 
with the end fitting (702), the implanted device (consisting 
of the fixing sleeve, the frame structure, the sleeve located 
therein, the expandable units, lines, sensors, etc.) may be 
pulled out of the pericardium through Successive turns on 
the nut (703). The external diameter of the nut (703) should 
allow the comfortable operation of the explantation device 
(70) so that an adult is able to grip at least half of it with one 
hand. The external diameter of the nut (703) may be between 
3 cm and 15 cm, or between 6 cm and 12 cm. The height of 
the nut (703) may be between 5 mm and 50 mm, or between 
10 mm and 30 mm. The thread which allows the explanta 
tion should be designed such that the implant (100) may be 
removed by means of a number of turns of the milled nut that 
is reasonable for the operator. The thread may be a single 
or multi-start thread. By using a multi-start thread, the thread 
pitch may be increased, whereby each turn of the nut (703) 
transmits a greater translational movement to the fraction 
element (704). The thread may be a transmission thread, for 
example a trapezoidal thread. Transmission threads, unlike 
fastening threads, have the advantage that the frictional 
forces are lower and/or no self-retention occurs, so the nut 
(703) may be turned more easily by the operator than in the 
case of a fastening thread (Such as a metric or imperial 
coarse-pitch thread). The explantation using the present 
embodiment of an explantation device (70) has the advan 
tage that the screwing mechanism allows gradual explanta 
tion that does not rely on large translational movements of 
the explantation device (70), which in turn reduces the 
trauma for the patient. 
0237 Alternatively to the explantation process described 
above, the cable harness (4) may also be cut at the ends of 
the extension struts. In the case of embodiments of the 
implant (100) in which the extension struts, as described in 
a previous section, have hooks, eyelets, loops or angled ends 
at their ends, the implant (100) may be pulled out thereon. 
An embodiment of the explantation device (70) may be used 
for that purpose which alternatively or in addition to the 
clamp (705) on the traction element (704) also has cable 
controls, wires and/or levers. The cable controls, cables or 
levers may be part of the traction element (704) or be 
coupled to the traction element (704). At the other end, the 
cable controls, cables and/or levers of the explantation 
device (70) may be coupled to the hooks, eyelets, loops or 
angled ends of the extension struts. As a result, the implant 
(100) may, as before in the previous embodiments, be pulled 
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at least partially into the explantation tube (701) and con 
veyed out of the pericardium and out of the body of the 
patient. 
0238. In general terms, embodiments of the explantation 
device (70) may be designed such that they make an 
embodiment of the implant (100) easier to explant out of the 
pericardium by returning it to its non-expanded state. 
0239. In the case of embodiments of the implant (100) in 
which the implant (100) without any pericardium sluice (3), 
cable harness (4) or Supply unit is inserted entirely into the 
pericardial cavity (902), the at least one traction element 
(704) may, instead of a clamp (705), have a coupling option 
at its distal end which is complementary to the at least one 
coupling option provided for the explantation on the frame 
structure (1) of the implant (100). The coupling may, for 
example, be designed as a hook-eyelet connection. Other 
embodiments of the coupling are also conceivable. A more 
precise description of an implant (100) which may be 
implanted into the pericardial cavity (902) entirely is 
described in more detail in a previous section. 
0240 Certain aspects of the invention may be formulated 
as the following embodiments: 
0241. In one aspect, a device Supporting the function of 
a heart is described which comprises a frame structure and 
a sleeve with at least one expandable unit. The frame 
structure can comprise at least one extension strut. The 
frame structure can alternatively or in addition have a recess 
at its upper edge which is shaped such that the frame 
structure does not come into contact with the vena cava 
inferior or any other anatomical structure. The sleeve can 
also have a recess whose shape, size and position can 
substantially coincide with the recess of the frame structure. 
0242. In another aspect, a device Supporting the function 
of a heart is described which comprises a frame structure, 
which can undergo transition from a non-expanded State to 
an expanded state. The frame structure can be self-expand 
ing and can be inserted into a delivery system in its non 
expanded State, and can at least partially envelope a heart in 
its expanded State. The frame structure can have a recess at 
its upper edge, the recess being shaped such that the frame 
structure in its implanted State does not compromise the 
inferior Vena cava or any other anatomical structure. The 
recess can have a length along the upper edge of the frame 
structure of 2 cm, 3 cm, 4 cm, 5 cm, 6 cm, 7 cm or more. 
The recess can have a depth between 1 mm and 40 mm, in 
particular between 3 mm and 15 mm. The recess can be 
curved, semicircular, rectangular or polygonal. The frame 
structure can further comprise at least on extension strut, in 
particular two, three, four, five, six or more extension struts. 
The at least one extension strut can be part of the frame 
structure, in particular the extension of a wire mesh or the 
extension of a strut of a latticework. The at least one 
extension strut can be coupled to the frame structure. The at 
least one extension strut can have a length of between 1 cm 
and 10 cm, in particular between 4 cm and 7 cm. The sleeve 
can comprise a recess whose shape, size and position can 
substantially coincide with the recess of the frame structure. 

1. Device for the administration of a substance to a 
Surface of the heart comprising: 

a frame structure, 
a sleeve, 
a Substance carrier and 
a Substance to be administered. 
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2. Device according to claim 1, further comprising an 
expandable unit. 

3. Device according to claim 2, wherein the expandable 
unit is mounted on the sleeve. 

4. Device according to claim 2, wherein the expandable 
unit is part of the sleeve. 

5. Device according to one of claims 2, wherein the 
Substance carrier is mounted on the expandable unit. 

6. Device according to claim 1, wherein the Substance 
carrier is mounted on the sleeve. 

7. Device according to claim 1, wherein the substance 
carrier is a pocket. 

8. Device according to claim 7, wherein the substance to 
be administered is inserted into the pocket. 

9. Device according to claim 7, wherein the substance to 
be administered is inserted into the pocket on a carrier. 

10. Device according to claim 7, wherein the pocket has 
a removable area on the Surface of the pocket facing the 
heart. 

11. Device according to claim 10, wherein the removable 
area may be removed from outside the body after implan 
tation of the device. 

12. Device according to claim 10, wherein the removable 
area is at least partially biodegradable. 

13. Device according to claim 7, wherein the pocket 
comprises a permeable area. 

14. Device according to claim 1, wherein the Substance 
carrier has a delivery line. 

15. Device according to claim 1, wherein the substance 
carrier comprises a spongy or porous structure. 

16. Device according to claim 1, wherein the sleeve is 
affixed to the frame structure. 

17. Device according to claim 1, wherein the device may 
be implanted minimally invasively. 

18. Device according to claim 1, wherein the frame 
structure is made out of wire, in particular out of a wire 
comprising a shape memory alloy. 

19. Device according to claim 1, wherein the substance to 
be administered is a pharmaceutical active agent. 

20. Device according to claim 1, wherein the substance to 
be administered comprises cells. 

21. Device according to claim 1 further comprising a 
Supply unit. 
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22. Device according to claim 21, wherein the Supply unit 
comprises a Substance reservoir. 

23. Device for implanting the device according to claim 
1, wherein the device for implanting comprises a tubular 
delivery system. 

24. Device for implanting according to claim 23, wherein 
the tubular delivery system has a distal end face which is 
Slanted. 

25. Device for explanting the device according to one of 
the claims 1, wherein the device for explanting comprises a 
cylindrical tube. 

26. Device for explanting according to claim 25, wherein 
the cylindrical tube comprises a radial widening at the distal 
end. 

27. Method for producing a device for the administration 
of a substance onto a surface of the heart comprising the 
following steps: 

Provision of a frame structure; 
Mounting of a sleeve on the frame structure; 
Mounting of a Substance carrier; and 
Charging of the Substance carrier with a substance to be 

administered. 
28. Method according to claim 27, wherein the substance 

carrier is mounted on the sleeve. 
29. Method according to claim 27 further comprising an 

expandable unit. 
30. Method according to claim 29, wherein the substance 

carrier is mounted on the expandable unit. 
31. Method for the administration of a substance to a 

surface of the heart comprising: 
inserting a device for the administration of a Substance to 

a Surface of the heart comprising: 
a frame structure, 
a sleeve, 
a Substance carrier and 
a Substance to be administered. 

32. The method of claim 31 wherein inserting the device 
comprises: 

inserting a delivery device into the body and into the 
pericardium; and 

inserting the device for the administration of a Substance 
to a surface of the heart into the body and into the 
pericardium via the delivery device. 
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