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Heart fakddHeg (HF), nore often called Congestive Heart Failure (CHF), is in
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damage or cell death, thus conditions have a tendency to worsen rather than heal after heart cell
damage. There are many reasons for heart cell death, the most common cause is ischemic heart
25  disease, a condition where the arteries feeding the heart muscle get clogged, causing myocardial
infarctions (MI). Viruses may damage the muscle cells, and some diseases, for instance
cardiomyopathy have unknown reasons. End stage of long standing 'high blood pressure may also
cause end stage heart failure. Heart strengthening drugs like digoxin or treatment with diuretics help for
a while, but are all only treating symptoms. CHF is a progressive untreatable, disabling and finally a
30 deadly condition. According to the American Heart Association homepage, there are in the US at -
present more than 5 Million patients living with CHF and 550 000 are added every year. 40000 patients
in the US are in such a bad state that only a heart transpla'nt will keep them alive. However, due to the
limited number of suitable organs only 2500 transplants are done yearly in the US. One may extrapolate
the numbers for the rest of the industrialized world.
35 Total artificial heart, where the whole native heart is excised and replaced with a mechanical
device was introduced in the 1960's by DeBakéy, in the 1980’s by among others Jarvik and recently by
Copeland (CardioWest, Total Artificial Heart). However, these devices are still based on complex
designs and are very invasive to install in the patient. Failure in operation of the device is fatal.
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enhancing or assisting left ventricular pump function of a heart of a patient. The system is
advantageously not interfering with the cardiac cycle of the heart. Major open heart surgery is desired to
be avoided. Even more advantageous would be if at the same time leaking heart valves could be
35  repaired. It is also desired to avoid implantation of large surfaces of foreign material in the heart.
Advantageously, the native valves, like the native mitral valve are preserved, when enhancing cardiac
pump function with such devices.
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30  mark separate pixels inside the blood column and follow their movement. It is possible to show that the

blood column flows more or less continuously from the left atrium to the ascending aorta without ever

stopping. The blood column is accelerated by the mitral valve piston moving up and down along the

cardiac long axis, opening every time it takes a new scoop of blood in an upward movement to the

atrium, and closing just before moving back toward the apex. One may estimate the contribution of the

35  long axis pump action of the heart to 30-50% of the total heart pump function.
In congestive heart failure the downwards movement.-of the mitral valve is impaired. It is the
‘scope of the here presented innovation to augment the long axis function of the heart by means of

imprdving the downwards and/or upwards movement of the mitral valve. To our knowledge, nobody has
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25 movement accelerates the blood column away from the left atrium and towards the aortic valve in a
continuous movement. The range of movement of the thus supported mitral valve along the long axis is
up to approximately 2 centimetres in an adult patient. The range of movement is correspondingly less in
pediatric patients and especially in patients with heart failure. The blood column acceleration by the
mitral valve piston is assisted by the displacement unit, helping the mitral valve plane to move up and
30  down along the cardiac long axis in a desired manner. The valve opens every time it takes a new scoop
of blood in an assisted upward movement to the atrium, and closes qut before assisted moving back
toward the apex in the next systole. The assist movement provided by the displacement unit is made
synchronously with the cardiac cycle to optimize the cardiac assist function provided.
In embodiments the displacement unit has a mechanical unit devised to apply a supporting
35 force to the mitral valve during systole towards the apex, thus augmenting the (still existing) natural
pumping force of the heart while ejecting blood into the aorta. In other embodiments the displacement
unit includes a mechanical unit devised to apply a supporting force to the mitral valve away from the

apex during diastole, augmenting the natural filling of the left ventricle of a heart, and thus augmenting
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are controllably and selectively magnetic relative each other. A first anchor for instance located at the

mitral valve, and a second anchor is located remote from the first anchor inside or outside the heart.

35  This allows for a very compact arrangement without moving parts from a remote energy source. A

controlled movement is for instance achieved by having at least one of the anchors being an

electromagnet that controllably changes polarity synchronized with the heart cycle. One of the magnetic

anchors may be a monolithic unit, which is a combined magnetic anchor and an annuloplasty implant
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positions when energy from an external energy source is controllably provided to the displacement unit
35 in synchrony with the cardiac cycle. These embodiments may be more energy efficient than others.
In embodiments the cardiac assist device has a control unit and a sensor for measuring
physiological parameters related to the cardiac cycle activity providing a sensor signal. The sensor
signal is provided to the control unit which controls the displacement unit to provide the movement by
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end of the method includes longitudinally moving the delivery catheter in the guide catheter. Alternatively, the
method includes retracting the guide catheter, and longitudinally moving the delivery catheter over the
guide wire previously placed at the delivery site by means of the guide catheter. Further, the method
35 includes activating the anchor unit by means of pushing the pushing unit forward while the tip of the
delivery catheter has contact with the surface of delivery site, such as the left ventricle wall, and allowing

anchor elements of the anchor unit, such as hooks or blades to dig into the tissue at the delivery site.
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30  source to a bony structure, such as the clavicle. '

Some methods may include providing surgical access to the mitral valve, the mitral valve
annulus and the left ventricle including surgically opening the chest of a human being and establishing
extra corporeal circulation (ECC) or manipulating the heart manually from the outside, while still
pumping.

'35 The method may include attaching a first anchor unit in the musculature in the area of the
inside left ventricular apex, outside on the left ventricular apex, or in adjacent tissue, attaching a second
anchor unit to the mitral valve annulus, and connecting the two anchors to each other by means of a
connecting unit that may shorten and increase the Iength between the anchors, attaching the connecting'



The nethod may include positioning the renbte energy source in fatty tissue
under the skin, adjacent to a vessel, such as a large vein as the
subcl avi an vein, and optionally attaching the energy 30source to a bony
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surgical access to the mtral valve, the mtral valve annulus and the |eft
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According to another aspect, a computer-readable medlum having embodied thereon a
computer program is provided for processing by a computer for permanently enhancing left ventricular
25  pump function of a heart of a patient, the computer program comprising a code segment for
synchronizing assisted mitral valve movement in relation to the heart apex with a cardiac cycle of the
heart. |
According to an aspect of the invention, there is provided a kit for permanently enhancing the
left ventricular function of a heart. The kit includes a left ventricular enhancement or augmentation
30  system placed in the left ventricle, the left atrium and the mitral valve, and in adjacent tissue able to
move the mitral valve plane, its annulus and leaflets along the direction of the long axis of a left ventricle
in synchrony with the heart cycle, an energy source and a delivery system for carrying the augmentation
system to desired positions in the heart.
The kit may provide a convenient package to a surgeon who is about to introduce an
- 35  enhancement system into a patient. Thus the kit provides both implants that may be used for
permanently treating the patient and a delivery system which may be used for inserting the implants.
The enhancing means may be pre-mounted in the delivery system for storage, while the energy source
may be packaged separately for connection during surgery. The kit may further have a guide wire for
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wi t25 t hemailancisioalin the akin angyreake a small pocket in the subcutaneous tissue under the skin. Part of the
method would be to use the same pocket to gain access to a vein by means of puncturing the introducer
catheter into the vein through the pocket.
~ Still another part of the method would be to get access to inside of the left heart by means of
puncturing an artery in order to place anchors.

30 Further it is part of some embodiments of the method to attach an anchor to the inside or walls
of the ventricles, the mitral valve annulus or the atria by means of hooks. An alternative method is to
attach an anchor to the wall of the ventricles by inserting it from the outside of the heart through a small
surgical incision.

Further, parts of the system ma'y be implanted by surgical means while the heart is stopped

35  and its function temporarily is provided by a heart- and lung-machine. |

Further embodiments of the invention are defined in the dependent claims, wherein features
for the second and subsequent aspects of the invention are as for the first aspect mutatis mutandis.



151 n enbodi nents, the nethod includes also insertion of an energy source
under the skin. The nethod allows for connection of electrical
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acconpanyi ng Hgawp adsare schematic illustrationsFthal dt(efkt laf eMbdunidnt Vsiy Magheticdorice pnal
schemat | o | Lustr uman, heart depicting structures 10that are

o) f ah
i nvol ve 'erto auQmen%@mﬂ?PY%veyogﬁm%ti c illustration show ng the | evel of
the mitral vaFige 1pbdrase schematicalustationsovhicheepietfan embodimerd using rotatiorg! fasce $n

Figs. 3,889 it &ﬂlﬁﬁ?\;ailv%rﬂolvé a.&rati ons expl ai ni ng the normal novenent of
1 valf@r([a drtﬁ;rl ng a '

the mtra normal “cardiac cycle. 15 "Figs. 5-9 are schematic
i 1 14Bst r at i onsFige 3 abiarschematicdustatiensdhas stavhamitrsl valyg ecbe plaeement efaImitgall ve
movenenjgal prgdud mendref t ventricul ar | ong axis. :
Fig. 15 is a schematic illustration of an artificial heart valve replacing the native mitral vaive
when integrated in an embodiment of the system.
Figs. 16a-c are schematic illustrations of an artificial heart vaive in a cage replacing the native
30  heart valve when integrated in an embodiment of the system.
Figs. 17-19 are schematic illustrations of artificial heart valves when integrated in further
embodiments of the innovation. __
Fig. 20 is a schematic illustrations that depicts an embodiment for complete catheter based
implantation of the system. ' _
35 . Fig. 21 is a schematic illustration that shows a remote énergy source for embodiments.
Figs. 22-27 are schematic illustrations that show a delivery system for complete catheter
based insertion of the heart function augmentation system.



Figs. 10 a and b are schematic illustrations that describe different
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car di ac 1&g teanitrd halvdrgringlus| el drel i mitral valve, 20 is the anterior leaflet and 21 is the posterior

leaflet of the mitral valve. 22 is the LV muscular wall, 24 are the papillary muscles connected to the

25  chordae, 26 is the apex of the left ventricle. 28 is the aortic valve, 30 the aorta ascendens, 32 the inter-

" ventricular muscular septum, 34 the left ventricular cavity and 36 the right ventricular cavity. 38 is the
right ventricular muscular wall and 40 is the tricuspid valve.
Fig. 2 shows the mitral valve plane 48 in relation to the long axis 49 of the left ventricle. As can
be seen, the LV long axis 49 is close to perpendicular to the MV valve plane 48.

30 Fig.3 is a schematic view of the natural, non-supported movements in systole of the mitral
valve plane 48 in relation to the LV apex 26, the MV anterior 20 and posterior 21 leaflets, the MV
annulus 18, the aortic valve 28, the LA wall 16 and the LA cavity 14 during a normal heart beat cycle.
The large arrow (x) shows the direction of the blood flow and the small arrow (y) the direction of MV
plane. In thé cardiac cycle, the following moments are shown in Fig. 3: a) immediately before systole, b)

35  during systole and c) at the end of systole. The piston movement (y) of the mitral valve plane 48 during
systole, pushing the blood out of the aortic valve 28 can clearly be seen. In a diseased heart, this
natural systolic movement may be deteriorated. Fig.4 is a schematic view of the natural, non-supported
movements in diastole of the mitral valve plane 48 in relation to the LV apex 26, the MV anterior 20, and
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mtral passively (Without adsistingthe edtaral maevetnent) to return to the initial position. For instance the MV

plane may only be actively moved towards the LV apex during systole (either by pulling or pushing), and
the return durihg diastolic filling may passively be made (correspondingly by pushing or pulling) without
35  assisting the natural movement.
Embodiments where only the systole or diastole, or portions thereof, are assisted, may
provide for reduced energy consumpt|on of the medical assist device, leading to advantageously
enhanced battery life, etc.
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anchoring units have different polarity they move the two anchors closer to each other and
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depicts, as in Fig. 3, the movements in systole of the mitral valve plane 48 in relation to the LV apex 26,



A prototype of the invention was built, using a |inear accelerator and a
conputer. The 20conputer allowed action in synchrony with an

el ectrocardi ogram The prototype was tested in an ani mal experinent. The
chest of a 60 kilogram pig was opened between the ribs. A rod fromthe
Tinear accelerator was attached to the mitral valve annulus fromthe
outside of the heart. The heart function was dep ressedﬁﬁé means of drugs.
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another good position in the LA would be the LA appendage (LAA, not shown). In this embodiment, the

35  second anchor unit may have the shape of an LAA occluder and provides both LAA occlusion and
allows for support of the cardiac function. These are only examples and a person skilled in the art may

think of multiple variations that would work equally well for the purpose.
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mitral valve will then be pushed upwards in its diastolic position. In Fig. 11b accordingly, the opposite

situation is shown in systole, when the connecting unit 54 is pulled towards the actuator 58. The mitral



25agai nst the anchor 72. The mitral valve is then pushed upwards in its
-diastolic position. Fig. 10b accordingly shows the opposite situation in
systol e when the extended connected unit 73 is pulled relatively to the
Sheath 78. The distal end of the sheath’ 78 is affixed to the W fixation
unit 56. Thus, the mtral valve is being pushed down in systole, towards
the LV apex 26 The mtral valve is thus brought closer to the apex 26,
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direction for example. And correspondingly, while rotating the extension unit in the other rotational
direction, here clockwise, as shown in Fig. 13b, the mitral valve is in turn forced down along the long
axis of the LV towards apex 26, as desired in systole.
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embodiments by providing a synchronized reciprocating movement of the MV plane of the replacement
valve along the LV long axis 49.
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However, a renote second anc uni t : , ernatively or in addition
be provided i A cerepieta caihelorbasadivarsion of th¢ eqidiag @Sﬁ'SP%’EtP@d%ﬁ*P@WEEd in Fig. 20. As
shown here, the anchor unit 56 is provided in form of a foldable mitral valve annulus anchor 110 that

may be retracted inside a catheter while being guided through the vasculature to the mitral valve and to

25  the mitral valve annulus 18 and then unfolded and affixed into place. The foldable anchor may have
struts 112 that are attached to the mitral valve annulus, e.g. by means of hooks 114. Such an anchor
may also be in the shape of a sling or a foldable ring, not shown. Further minimal invasive embodiments
will readily be available to the skilled person by reading the present disclosure and are not depicted in
detail, except for further embodiments described below with reference to Figs. 22 to 30.

30 In some embodiments the return from the systolic down position of the MV plane to the
diastolic up position thereof may be provided at least partly in a passive manner. This may be done in
several ways. For instance, the downward supporting action may be stopped pre-mature at the end of
systole when there is still sufficient pressure in the LV to press the MV plane back towards the diastole
up position. When releasing the supporting force, or a locked position at the end of the systole phase is

35  unlocked, the MV plane is released to move towards the diastole up position. The timing may be cardiac
cycle controlled, e.g. based on ECG and/or pressure measurements, in accordance with the description
below. Alternatively, or in addition, a return spring element may be provided to support this backwards
movement. Alternatively, the systolic position may be spring biased and only the return to the diastolic
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Alternatively, or in addition, the nedical device may be incorporated into

an artificial pacemaker systemcontrolling or assisting the natural cardiac
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A delivery system and a method 800 for complete catheter based lnsemon of the
augmentation system are shown in the Figs. 22-31.
The delivery system has an introducer catheter 120 with a valve, a gmdlng catheter 122 a
35  guide wire 124 and delivery catheters 126 and 128. Fig. 22 shows the guiding catheter that has a
~smaller outer diameter than the inner diameter of the introducer catheter to fit inside. By means of the
guiding catheter 122 and the guide wire 124 one may navigate through the vasculature and the heart to
the desired site for delivering either a distal anchor 72 or a foldable mitral valve annulus anchor 110. All



In sonme particul ar enbodi nents, the renote energy source is located in the

. fatty tissue under the skin, adjacent to a vessel, preferably a large vein.

This allows for convenient access to the heart. Alternatively, the energy
.source may be attached to a bony structre, such as the clavicle (not
shown), in order to prohibit dislocation of the same when delivering
mechani cal energy to the cardi ac assist 30devi ce inside the heart. A pocket
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nmuscul adeploymenief distal anchor 72 as descrl ed. Releasing the mitral valve annulus anchor 110 is done by
retracting the catheter 134 of the delivery system from over the anchor 110 that may attach to the mitral
valve annulus 18. Fig.27 show both anchors 72 and 110 deployed. By pulling or pushing 72 relatively to
30 110 the mitral valve may be moved up and down relatively to the apex of the heart in synchrony with the
cycle of the heart, wherein the movement control is e.g. based on ECG.
A method for permanently augmenting the heart pumping function by means of assisted mitral
valve movement based on complete catheter based technology is described with reference to Figs. 28-
31. Fig. 28 shows the heart and the great vessels of a human being, and Fig 29 the right and left atrium,
35  the atrial septum 7, foramen ovale 5 and the mitral valve 19. Preferably access to the vascular system is
made in step 810 by puncturing a large vein, shown here is the subclavian vein 3, but any other large
vein might be used, for instance the femoral vein in the groin. An alternative, is a route through the
arterial system for access is depicted in Figure 30, 39 is the iliac or femoral artery and 37 the abdominal



In Fig. 26, a delivery system 128 for the mtral valve annulus anchor 110
is shown. Previously it has been described that the mitral valve annulus
anchor 110 is attached to the distal end of catheter 78. The pulling and
.pushing unit 73 is attached distally t the left ventricular wall by neans
“of anchor 72 25and extend through delivery catheter 134 and through the
catheter 78 to outside of the patient and its vascular system The
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1. A neitvendibn teybecombianinether condhinationséhanrhase dessrilidathetsicopedf Herinvantioniicon of a
heart OBm?mﬂﬁﬁ%?gkag%ﬂﬁéf'ﬁéﬁH&mE?ft ventricul ar punp action, said device
havj hg a displacenent unit adapted to controll ably assist novenent
of mtral valve in a mtral valve plane substantially along a |ong axis
of a left ventricle of said heart, and configured to be arranged in said
heart of said patient and being in contact wwth said mtral valve to push
and/or pull said mtral valve such that said mtral valve noves in a by
sai d displacenent unit assisted reciprocating novenent during systol e al ong
said long axis towards an apex of said heart and during diastole along said
| ong axis away. 10from said apex for assisting said punp action of said
heart . 2. The device of claim1, wherein said displacenent unit
conprises a nechanical unit devised to apply a nechani cal supporting force
to the mtral valve during at |east a portion of systole for augnenting the

nat ural punping force of the heart, and/or during at |east a portion of
di astole for l1l5augnenting a natural filling of the left ventricle.



3. The device of claim2, wherein said nechanical unit has a proximl end
portion that is attached to a location of the mtral valve, such as the
mtral valve annulus, and a distal end portion that is attached to an
_.energy converter unit (58) that transf€®s energy froma renote energy
source (84) into 20a linear force and/or a rotational force for providing
sai d supporting force. 4. The ﬂg ce of claim3, wherein said
mechani cal unit (54) is at said proxF end portion attached to the mtral
val ve annulus by neans of a fixation unit (56). 255. The device of claim4,
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natural filling of the l eft ventricle. 58. The device of claim1l or 7,
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25 5. The device of claim 4, wherein said fixation unit (56) is at least partly loop shaped and
adapted to be affixed to the mitral valve annulus and has an extension unit protruding from said fixation |
unit (56) towards a coaptation line of said mitral valve, and wherein said mechanical unit is attached to
said fixation unit (56) at said extension unit at said coaptation line.

30 6. The device of claim 4, wherein said fixation unit (56) is at least partly loop shaped and
adapted to be affixed to the mitral valve annulus, and wherein said mechanical unit is attached to said
fixation unit (56) at a circumference of said fixation unit, wherein said mechanical unit is adapted to
penetrate said mitral valve at the mitral valve annulus, preferably behind the posterior leaflet of the
mitral valve. '

35 .

7. The device of claim 1, wherein said displacément unit comprises a magnetic unit devised to
apply a magnetic supporting force to the mitral valve during at least a portion of systole for augmenting



12. The device of claim8 or 9, wherein said second magnet anchor (60) is
‘adapted to be located in the |eft atrial appendage (LAA), wherein the
second anchor unit is an LAA occl uder. 13. The device of
any of claims 1 to 12, conprising an enkrgy source (84) arranged renote
fromsaid displacenent unit in said patient, wherein said displacenent unit
is arranged to be driven by energy fromsaid renpte energy source §84) and
wher ei ntheaprabiaee giihe beartcend(@ dyring t leard pperdion ¢f disslolpifraugeering:a a3ty Migs  sai d
novenmenf tRd lefs driticlel t ral valve in said mtral valve plane along said |ong
axi s. 14. The device of claim 13, wherein said energy is novenent
energy that is nechanically transferred fromsaid renbte energy source (84)
t hrough an extended connecting unit (73) to said displacement unit. 3515.
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14. The device of claim 13, wherein said energy is movement energy that is mechanically
transferred from said remote energy source (84) through an extended connecting unit (73) to said

displacement unit.

35 ' 15. The device of claim 13, wherein said displacement unit comprises an actuator, and said
energy is electrical energy that is electrically transferred from said remote energy source (84), such as
via a wire, to said actuator where the external force is executed by means of said actuator.



22. The device of any of clainms 1 to 21, wherein said device has a renote
energy source (84), a control unit (88), and a sensor operative connected
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28 A kbaid displgseinsitrigit far shidmavemeft. any of clainms 1 to 27, and a delivery
system for said device, 20i ncl udi ng an introducer cat het er (120) wth a

val ve, a qui di ng catheter (122), a guide wire (124) and at | east aqne
deli%ery cat h&t dhe devisg of laig)l7, wherein said displacemany uitaempeises gdpysngdnwhic said
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t hat0 sagrhulyp ettaghmentinasidhovsirg.i n a by said di spl acenent unit assisted
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heart? 30 20. The\zA@Clceo claim 1, wherein an anchor unit is prowdgd in fcgr% ofatfoldable mitral valve

annulus anchor unit affixable to said mitral valve annulus.

25 21. The device of any of claims 1 to 20, wherein said displacement unit is bistable between a
stable diastolic up position and a stable systolic down position of the MV plane, wherein said
displacement unit has an equilibrium state in the up and down position respectively, and wherein the
displacement unit moves between the two stable positions when energy from an external energy source
is controllably provided to the displacement unit in synchrony with the cardiac cycle.

30 | ' |

22. The device of any of claims 1 to 21, wherein said device has a remote energy source (84),
a control unit (88), and a sensor operative connected to said control unit (88) for measuring
physiological parameters related to the cardiac cycle activity providing a sensor signal, wherein said
sensor signal is provided to said control unit (88) which controls said displacement unit to. provide said

35  movement by energy from said remote energy source (84) and based on said sensor signal.

23. The device of claim 22, wherein said remote energy source (84) has a mechanical section
(90) and an extension unit (73) devised to be arranged between said mechanical section (90) and said
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displacement unit, wherein mechanical motion, such as rotational or linear motion, is generated by said
mechanical section (90) in operation thereof and transferred to said displacement unit for said
movement of said mitral valve plane via said extension unit (73). '

24. The device of claim 22, wherein said remote energy source (84) is controlled by said
control unit to provide electrical energy to one or more electromagnetical anchor units affixed in relation
to said mitral valve, or to at least one actuator arranged at or in the heart, to provide said movement of
said mitral valve plane.

25. The device of any of claims 22 to 24, wherein said remote energy source (84) is adapted
to be located in the fatty tissue under the skin, adjacent to a vessel, such as a large vein.

26. The device of any of claims 1 to 25, wherein said device comprises a control unit (88)
which controls said displacement unit to provide a set sequence of said reciprocating movements.

27. The device of claim 26, wherein said control unit is configured to set a frequency, and/or a
speed, and/or a pause time duration of said reciprocating movements in said set sequence.

28. A kit comprising a device of any of claims 1 to 27, and a delivery system for said device,
including an introducer catheter (120) with a valve, a guiding catheter (122), a guide wire (124) and at
least one delivery catheter (126, 128).

29. A system for permanently enhancing left ventricular pump function of a heart of a patient,
said system comprising a displacement unit for controlled assisted mitral valve movement synchronized
with a cardiac cycle of said heart substantially along a long axis of a left ventricle of said heart, said
displacement unit being configured to be arranged in said heart of said patient and being in contact with
said mitral valve to push and/or pull said mitral valve such that said mitral valve moves in a by said
displacement unit assisted reciprocating movement during systole towards an apex of said heart and/or
during diastole away from said apex for assisting pump action of said heart.



