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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 transplant 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 DeBakey, 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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be avoided. Even more advantageous would be if at the same time leaking heart valves could be
35  repaired. Itis 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- 50% aétntinfetres. dhatovwneards mouerpent astelerates.the blood column away from the left atrium and
towards the aortic valve in a continuous movement. By means of MRI technology one is able to virtually
30  mark separate pixels inside the blood column and follow their movement. Itis 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
improving the downwards and/or upwards movement of the mitral valve. To our knowledge, nobody has
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The displacement unit is in use moving the closed mitral valve during systole towards the
heart apex and/or moving the opening or opened mitral valve during diastole away from the heart apex.
The mitral valve thus becomes a supported piston in a blood displacement pump. The downwards
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 just 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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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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30  the pushing unit, introducing the distal end in front of the pushing unit into the delivery catheter. The
delivery catheter may have a smaller outer diameter than an inner diameter of the guiding catheter, and
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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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
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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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to detect the spontaneous cardiac cycle and guide the enhancing system in accordance to the heart
cycle by means of detecting an electrocardiogram.
A preferable method of placing an energy source would be to do this surgically through a

25 smallincision in the skin and make 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 may be implanted by surgical means while the heart is stopped

35  andits 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.
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Further, parts% y surgical means
hea?f |§Ct§@@bbé@e@5§mﬁn¢@eﬂUf'ﬁd:Ya'\@erVéW%r arl ly is provided by a heart- and

| ung- machi ne. Figs 12 a-b ﬁ@%&ﬁéﬁfatlcﬁfmﬁéi!oﬁ?fhbﬁde%t dnenbofieRtusRE magRetflRfdened in
t he depeggep) I gﬁ mIQVS\QV ein features for the second and subsequent
aspects Wégm?ﬂ/t t AFEMAEMERY the first aspect nutatis nutandis. WO
2011/ 119101 PCFigsEax11 4r0 sérdaaticlilustrations which depict an embodiment using rotational force in
order to augment the mitral valve movement.
25 Figs. 14 a-b are schematic illustrations that show a mitral valve and the placement of a mitral
valve annulus anchor.
Fig. 15 is a schematic illustration of an artificial heart valve replacing the native mitral valve
when integrated in an embodiment of the system.
Figs. 16a-c are schematic illustrations of an artificial heart valve 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 energy 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.
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Fi gs. are schematic illystrations of an artificial heart valve
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t he systi®mitral valve thatFW(mI&S asla7p131(91 Ahenisgklesw@tic illustrations of artificial
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conpl et embadimentteof tthaAantlomblsalnﬁt Supedor Veia Cdva (SYG) €isithe right atrium (RA), 6 is the
Coronary Sinus (CS) ostium, 8 is the CS first part. 10 is the Inferior Vena Cava (IVC), 12 is the Great
Cardiac Vein (GCV) at the level of the MV annulus 18. 14 is the Left Atrium cavity (LA), 16 is the LA wall,
18 is the mitral valve annulus, 19 the whole 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 the 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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pushing unit. This selection of pulling and/or pushing is done in dependence if assistance of the MV
30  plane movementis to be provided during systole or diastole or both. In case only one of the pulling or
pushing action is actively assisting the MV plane movement, the other pushing or pulling action is made
passively (without assisting the natural movement) 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 during 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 consumption of the medical assist device, leading to advantageously
enhanced battery life, etc.
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30 artificial replacement heart valve, not shown here. Leaflets 106 (three in the example shown in Fig. 16¢)
are mounted in a frame or cage. The frame is preferably made of biocompatible material, such as a
suitable metal or plastic. The frame is on its exterior affixed to the MV annulus. The frame may
conveniently be attached to a suture ring 102. The suture ring 102 is attached to the mitral valve
annulus instead of the anchor unit 56, and the pulling and pushing unit 54 and 73 may be attached to
35  the valve frame instead of the anchor unit 56. Cardiac assist function is then provided as in other
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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in ot herseveral 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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A conpl e e P9ee flew PHRESd versi on of the cardiac assist systemis depicted
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25  provide the assisted movement according to the set sequence. Energy from an energy source 84 may
thus be controllably provided to the displacement unit according to the set sequence for providing the
assisted movement.
Alternatively, or in addition, the medical device may be incorporated into an artificial
pacemaker system controlling or assisting the natural cardiac muscle function. For instance the assisted
30  movement of the cardiac assist device may be controlled from a processing unit of a pacemaker. The
pacemaker including the processing unit may be implanted in a patient. The pacemaker triggers heart
muscle activity in a per-se known manner, e.g. via leads connected to the cardiac tissue for artificially
triggering the cardiac activity. Triggering of the assisted movement of the cardiac assist device may be
controlled may be based on the electrical triggering of the cardiac activity by the artificial pacemaker
35  system, which is already synchronized with the cardiac cycle. Preferably a time delay is provided from
triggering electrical triggering of the heart muscle activity to the triggering/activation of the assisted
movement of the cardiac assist device during a heart cycle. The amount of the time delay may be
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A delivery system and a method 800 for complete catheter based insertion of the
augmentation system are shown in the Figs. 22-31.
The delivery system has an introducer catheter 120 with a valve, a guiding 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
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cl ose t 31 tl-'h@ 28 shows the heart and the great vessels of a human being, and Fig 29 the rlght 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



actual vessel, here the subclavian vein 3 in Fig. 28. A delivery
system and a nethod 800 for conplete catheter based insertion of the
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foldable slings or rings may be used instead the arms described of anchor 110. A person skilled in the
art of catheter based technologies may use other methods for attachments, still being within the scope
of this innovation. Once both anchors 72 and 110 are securely attached, the pushing and pulling unit 73
30  and the catheter 78 are adjusted in length and attached to the remote energy source 84 in step 860, and
the system may be activated in step 870. The remote energy source has a unit to detect the natural
action of a heart, e.g. based on an electrocardiogram, a blood pressure wave or blood flow. The remote
energy source may thus provide energy for the distance change between the two anchors in synchrony
with the natural heart cycle, thereby enhancing the natural up and down movement of a mitral valve
35  during a heart cycle.
A surgical method for permanently augmenting the heart pumping function by means of
assisted mitral valve movement based on surgical technology is described with reference to Figs. 10-19
and 21. Surgical access to the mitral valve, the mitral valve annulus and the left ventricle is achieved by
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35during a heart cycle. A surgical nmethod for permanentl|ly augnenting
the heart punping function by neans of assisted mtral valve novenent based
on surgi cab 2wachawhiogy is described with reference to Fipg3/SEIQ14003and 21.
Surgi cal access to the nmitral valve, the nmitral valve annulus and the left
ventricle is achieved by WO 2011/ 119101PCT/ SE2011/ 050338 24 means of
surgically opening the chest of a human being and establishing extra

cor por eahd thereby inareasing tideCyentrsulagdizstdie filing-ane the: pistonceffeciofthe dogediongal valree
anchor in the
el ab’@?@ mbﬁn@@cﬁﬁ\%?ﬁ? fok Qu ‘ﬁtn@[}ﬁ@leﬂen&rt&ﬁla u;ﬁfrﬁp &é%ﬂ&ﬁ E?ﬁb'oghg@tgﬁ?t e Nle A
second RFRSHBisgaswe may %ﬁ&oa@mdjwﬂfbemwmmtspélhe ngwlnﬁﬁﬁk}lp@ﬁ@n ¥ vplanceAny by

nf?ns hofanmv&pwstymﬁg nﬁylfne@ro%@e@bs zpm.tr@rvalvé infrealRI @ intralvBRficufak BichBY Wit Wﬂﬁ geds for
att acnnen

s BN P Pt 25 Shaiba NS HepanERG SericT e Aestnel &tk Bl Ty L8 neen

t he ancpmvitled ihltembinatior aith B8 anehot uriitor advirgainié @tct TheaV plamd ma)eaftﬁamagesmly e. The

| Che. 110 MEER S ARe HE BT gy PR bR R gt 1 o

The remsmbodimentyyy source may thus provide energy for the di stance change

bet neen ¢ he ¢ yhe taGARF NS AR LBUNGERRY ol i rb?eré}ﬁe;tf@kc.h%ﬁbtodmﬁﬂse duri ng

t her eby enhanci n natur own novenent tral va
a héfrt "W’éYeé otmﬁamwlm@t&tw th%@@vﬁlé%séﬂbegéfﬁ %?'lep@%ﬂ'b'thﬂ’btﬂe SQQH%O netic

anchor ifgntR. Biffdrét ighol @tepitﬁammége@lesoméd/@)oa@tpblﬂfdﬂmmg 'the&ne&hdd‘bwérd%‘é,or\/\hl l e

21 <evoraTRe ik B winnyfy SBERS e Rranfon, T et reles PR HT e The
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in the r ram a blood pressure wave or blood flow.
The en% &ﬂ@ﬁ%ﬁ& ﬂﬂ%ﬁéﬁﬁﬁhéﬁﬁ E@QDrOVIde el ectrical energy through | eads
to e magnets in order to charge t he magnets and change the polarity of

t he magnets, thereby providing energy for the distance change between the
two magnetic anchors in synchrony with the natural heart cycle, thereby
enhanci ng the natural up and down novenent of a mtral valve towards and
away fromthe apex of the heart during a heart cycle. 20l n another

enbodi nent of a surgical nethod, the native heart valve is replaced by an
artificial valve serving as both the mtral valve and the mtral annul us
anchor. In still another surgical nmethod for using the invention, an
artificial heart valve is nmounted in a cage or housing, allow ng the heart
valve to nove up and down relatively to the mtral valve annulus attachnent
by neans of the renote energy source as described. 25Finally in a further
enbodi nent of the surgical nethod, access to the heart is achieved by
surgically opening the chest. Wthout the use of ECC the device insertion
to the heart structures is done by neans of manipul ating the heart manually
fromthe outside, while still punping. Concurrently filed patent
application titled "A DEVICE, A KIT AND A METHOD FOR HEART 30 SUPPORT"
claimng priority to U.S. Provisional Application Serial No. 61/317,619
filed March 25, 2010, and Swedi sh application Serial No. 5E1050282-1 filed
March 25, 2010, both entitled Device, a Kit and a Method for Heart Support,
of the sane applicant as the present application, which are al

i ncorporated herein by reference in their entirety for all purposes. This
co- pendi ng application discloses devices and net hods for permanently
augnenting the punp function of the left heart. The mtral valve plane is
35assisted in a novenent along the left ventricular |ong axis during each
heart cycle. The very close relationship between the coronary sinus and the
mtral valve is used by various enbodi nrents of a nedical device providing
this assisted novenent. By neans of catheter technique an inplant is
inserted into the coronary sinus (CS), the device is augnenting the up and
down novenment of the mitral valve



WO 2011/ 119101PCT/ SE2011/ 050338 25 and thereby increasing the left
ventricular diastolic filling and the piston effect of the closed mtral
val ve whewormuingiodownwar ds for augnmenting the | eft ventcrsSER@n/opsspi ng
effect. Enbodi ments of the present disébosure may be conbined with
enbodi ments of the co-pending application. For instance an annul oplasty
ring may ne provided as a mtral valve tra-atrial or intra-ventricular
anchor unit with a CS 5anchor unit ok Ghﬁ%lng unit as described in the
co- pendi ng application. A prosthetic artificial MV may be provided in
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4. The device of claim 3, wherein said mechanical unit (54) is at said proximal end portion
attached to the mitral valve annulus by means of a fixation unit (56).

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 displacement 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



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 vawveeoarmgdous, and a distal end portion that is aCrsaebadosms3an
energy converter unit (58) that transf@fs energy froma renote energy
source (84) into 20a linear force and/or a rotational force for providing
sai d supporting force. 4. The device of claim3, wherein said
mechani dfl nawmlfor((eﬂzt)heii‘saratandiai chirimgr & deanted poiod opdiastdlefar augmastingd natura filingni t r al
val ve anpy B%‘ﬁv@ﬁin({@a”s of a fixation unit (56). 255. The device of claim4,
wherein sard fixation unit (56) is at least partly | oop shaped and adapted
to be affixed to the mtral valve annulus and has an extension unit
protruding fromsaid fixation unit (56) towards a coaptation |line of said
mtral val ve, wher ei C an| unit is . attached to. said fixation
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magnet i %P@Bﬁméﬁgbﬁe”ﬁ’g "pé\%ﬁjs% gped annul opl asty i nplant. _ 11. The
0 er

devi ce I'n said second magnet anchor (60) is adapted
to be 20l ocated in the atrial or ventricular septum wherein the second

anchor unit i92a0aRbRe df Blaifes braSRRdrEA sdihsétond magnet anchor (60) is adapted to be
located in the left atrial appendage (LAA), wherein the second anchor unit is an LAA occluder.
25
13. The device of any of claims 1 to 12, comprising an energy source (84) arranged remote
from said displacement unit in said patient, wherein said displacement unit is arranged to be driven by
energy from said remote energy source (84), and wherein said energy source (84) is adapted to provide
said energy for said movement of said mitral valve in said mitral valve plane along said long axis.
30
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.



and occlude an opening in said septum 12. The device of claim8 or
9, wherein said second magnet anchor (60) is adapted to be located in the

| eft atriwbappasmage (LAA), wherein the second anchor ®OTISERE 1A503BRA

occl uder. 13. The deviéé of any of clainms 1 to 12,
conprising an energy source (84) arranged renote from said displ acenent
unit in said patient, wherein said displacenent unit is arranged to be
driven by ener§yThedevicesdany of elintsel tehimdwpregaaideetrd] 8ays is amativeinsiratiaiveseat s
ener 0. SANEE it 1d SicRRARL et thifltr QUi AEisal HoRARAorh B |&ﬁ'a§ius'6f’tﬁé’féﬁ”t of

val've ane al’on
14 The veritjglerecipocating fomarnds theligart ape ag@a\mayéh%ef@m In§yr}$br\¢m'mt %Gﬁéfﬂ'@ﬁﬁy@'ﬁat is
mechani cally transferred fromsaid renote energy source (84) through an
ext ended conn

o e m T R e i bR e e SEGHEA et B e R T ST vai d
ener gy ivalve(100)tthat sarasgeeitgle rtehprbcatlag e eithy isgid displadenisfng alorgltht tongasisoid ]
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2011/ 119101PCT/ SE2011/ 050338 28 16. The device of any of clains 1 to
15, wherein S‘%Bdrhg‘dé\ﬂ?%'oﬂ{lﬁl'mvﬁ !Nﬁerén? é @&T%fc\é‘? \f%croﬂﬁtgsebﬁ h?lofxv'f?é in

relatlon to sa acement "uni t ass| st e nmove ong t
| ongOaxingvigga W@W'B@Hex@'éﬁ*ﬁnr Wharein ?%Q:f"%ﬁ%‘é ﬁ‘ﬂﬂfﬁlg‘jeq Bhardtete sadbsat apex and

a}/\/«’iyI t h@é@bﬁc@dﬂaﬂr  saddmeifd] 041ve rfetand b@lff::édjlo% affiY&d te the5riht7a| val Vb&atrﬂ@Mi{, @Rd of me

of clai rein sai is a.re ment  ar ia

o Cb 2 Wensaitae KL Shea el b el 1) s RS B s A o
uni t al aaig displecdmentunitfarsaidmotdneenk.eft ventricle towards the heart apex and
away therefromin synchrony with the cardiac cycle. 18. The device of claim

17, wherein said replacement artificial valve conprises a hollow franme
10ha%i ng a | ongiThadevies of elrimetTs whgiein saie displacementcint eemasisessa haoBing iguvhish seig be

ori ent eqedla\?;eﬁ@ﬁt@rhh&ﬁvélv@i@rrﬁé%’ﬁw rﬁéﬂl\%ﬂ §ai?i roadifh KBving ﬁ'lontj@d?ﬁ@l teeﬁQSh @hflured

configured to mtral valve ann and rein said
frame i40 ‘Pﬁ)‘?f@ﬂﬁg ma?a&h@araw?ﬁpd@wavaamral \éaé\fel Piﬂ“é &@B’f Iguregne) b@vﬁﬁ’ﬁ% thga d
L rane i $r]1|l€eﬂ> parecAnadug &t aswliral v@lvminamemhm@mlvﬁhefe@rsamae;ﬂadémé@trvelmé is ailrérig%d torhe
evice of ¢

nt. unit co a using in
an ch s oo i et ROl BRRY Ty ejps BERHG B33 i IS g
havkfg anhuusattachmientih sashaismigon configured to be oriented in said heart
perpendicular to a mtral valve plane and configured to be affixed to the
mtral valve annulus at a mtral valve annulus attachnment, wherein said
repl acerment vaPvidedevieeraf slaigeld whereingn @nghar wnitds Qfa\ﬁdﬁdéitfoﬁ%@fiasf@'d&tﬂﬁ:mlﬁfﬁ'd’é"ﬂ@i ng

novenenianali@chd BnilaffixaBe & s%?ﬁ'rﬁtrél%l?é ainglu§ 0 said mtral valve 20annul us
attachnment in said housing. . The device of claim1l, wherein an

anchor unit is provided in form of a foI dable mtral valve annul us anchor
uni psaf fi xabl @11The glavick ofaty ¢iklaval e 2& whgkeinssaid 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



2521. The device of any of clains 1 to 20, wherein said displacenent unit
is bistable between a stable diastolic up position and a stable systolic
down posiwpaniiofiotohe MV pl ane, wherein sai d di spl acenentPCusER01hASO33$
equilibriumstate in the up and down pd8ition respectively, and wherein the
di spl acenent unit noves between the two stable positions when energy from
an external energy source is controllably provided to the displacenent unit
i N syncldisplagenvent imitt Weereirmmel¢hagical yrotien, s@ as rotational 20inearmeotide e geperafed angaidf
clainms 1,40, sgy,‘ﬁbﬂ a@&ﬂl @@Faﬁorﬂﬁéfrb&%n@ﬁ‘%sf’err@@%%ﬁ d?sﬁl%?éﬁ(en?ﬁ@rf&%alﬁfsd') a

control unit sensor operative connected to sald control unit
(88) f oMOYRrA: Pi%@{ﬁi i) yalve Rienecda Sa@aﬁ*@ﬁ@@wf’;ﬁ (f81 ated to the cardiac cycle
activity providing a sensor signal, mhereln sai d sensor signal is provided
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gener at A AR A, BRI R RastPHE Qoo st s AR e et B o B B oo
t r ansf ersaiddnittabvalveiplandi spl acenent unit for said novenent of said nmitral

val ve plane via said extension unit (73). 524. The device of claim 22,

wherein said renpte energy source 308%‘% is controlled by said control unit
to b@ ovi de el 8étTmP§9\f'Ceéﬁé’ﬂwd?W3&3 wheyels S@ﬂ&m%wwe@pw@%\w%aqiﬁwe units

af fi xed té Ko Ib6dterttin @8 f4t tiSsak dnd8r the@kin Vadijagént tod veb§el 3ticH Rasitrg® higin.act uat or
arranged at or in the heart, to provide said novement of said mtral valve

pl ane. 1025. The device of any of clains 22 to 24, wherein said renpte
ener gy sour ce 26.84¢ dedcesd apt e dlaine e 25, aateddsaidrdetibeecongtisep atdostsalieniv(B®ler t he

ski n, ?Jhﬁﬁ%%roﬁ \Aﬁ% d\éﬁlﬁée%entdﬁﬂ‘f@prg\ﬁdeaa ée%&@eﬁ’c%'opsal@r@m%r&b@ﬂ?ﬁ%\%&%@@f any of

cl ai ns sal evi ce conpri cont whi ch
contbol s said displacenent unit to provide a set sequence of said

reci procating Z'FDI‘hE'a@\ﬂéesofcI&% 26, wherein 3did cohlire! UAR 41BN gﬁfed?d@tmrgfﬁjen d%iré‘ sai d
contr ol unlt%ndz*’confl ured to set. a frequ [or a

pause t iSHedd A BAUssTIme Sprgtionef said FssiRfoc 9@%%@%%3?@6% sequence.

28. A kit conprising a devi ce of any of clains 1 to 27, and a delivery
system for sai vice. . 20i thet 120 w.th a
Tatver & gur arhdRepRisro X 5 o AP ot | o i g R ek 52 ofide!
del EOerwomdmgen mtroc(tm:%athms()mo W|thavalve9 gu;dungeatheim(u?étaﬂgmdiemﬂrecﬂ%) argrat ng a
nmedi cal é%@f’dn%%elﬁg@‘/%fﬁgtef %aqﬂﬂnce intra- ca_rdl ac bl ood ci r_cuI ati on of a

tl

heart o a patren y as g left ventricular punp action, said device
havi ng a 25di spl acenent unit adapted to controllably nove a mtral valve in

a mtral val vegm AstfcabihidPetdbiRbling 2Aha@l device adapted to enhance intra-cardiac blood

circulation of a heart of a patient by assisting left ventricular pump action, said device having a

25 displacement unit adapted to controllably move a mitral valve in a mitral valve plane substantially along
along axis of a left ventricle of said heart, and 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 plane is moved in a reciprocating movement during systole towards an apex of said heart and
during diastole away from said apex for assisting said pump action of said heart, said method

30  comprising

providing a medical system including said medical device and an energy source (84), and

surgically and/or minimally invasively delivering said medical system in said patient.

30. The method of claim 29, wherein said method comprises providing a delivery system, such
35  assaid kit according to claim 28, for minimally invasively delivering said medical device in said patient,
and



a long axis of a left ventricle of said heart, and configured to be
arranged in said heart of said patient and being in contact with said
mtral vawvoeeotioipwsh and/or pull said mtral valve suchprPChaE2@aiosh3ss t ra

val ve plane is noved in a reciprocatingOnovenent during systole towards an
apex of said heart and during diastole away from said apex for assisting
said punp action of said heart, said nmethod 30conpri sing providing a
medi cal syste|miriimaiIywasi@plysrmmeringasﬁid:mplaxtemémenihmfﬁaidmeéinairsggtemh)lﬁaide)ahmuby and

I
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conpri S@Qdﬁﬁ*%‘i‘ﬁﬂiﬁcﬁ@e@uﬂ@l ivery system such 35as said kit accordi ng to
claim?28, for mnimally invasively delivering said nedical device in said
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SV §”de| Y lp iedod B QP B e i el e e dngludes, UM O Glleh i n sai d
pgt4 |) ent (120) witteangahvef a guidicy chifletey €129) S sitgaite wite (12¢)eandvghesei sialoanah@ycomt%egi
() AT B A0 P e
cat het er (120)nsejtinghsaid gmdewe (R4pintodadyascalahsysiem v(alamlntmdubeac@mﬂt@e wre
(124), Bﬁq_éﬂﬂ§’fhﬁiu@h fﬁ@'vgscﬂlﬁﬁjré%lldmﬁﬂt &)eas%e'sfﬂéof & Li'r?éeﬂiﬁ% sS4 guduﬁé %He? Sler

cat het er QA)unc ure site Into the vascul ar sal d patl ent,
i nséPti ﬁ@'d%\'p%iw&wd rawip@saicguide wingt tBroggl spidanicle Gathpter ‘feéﬁg § firat apghaq unit at

I nt r oducelistheé feth 8 mitra dahieAt dBIFefirdlaeedhdtaRchoy et bAd mirel vang. t he heart to a
desired site, inserting said guiding catheter over 1 Osaid guide wire,

wi t hdrawi ng said guide wire, through said guide catheter delivering a first
anchor unit at32ahdimethad ofcldim 6 venerairt saad deﬁ@kwﬁstammodmléé afeinl'rodgcacabetemd

%g?grnlcmoﬁ gﬁr{d%faq\)e agé“%rzkaet%&%rxﬁf%%r&a pusnit i%mtﬂi@ ger cat rQt( %@%ﬁrﬁ%mgt h a
val Ve, #albels (O%Z)Wf@éﬁlm%ﬂdemethm;npa&eg ingoueing isaid inraducer catheter ( 130)@&5@@00”@ o

(124) a@ﬁeﬁto%@ﬁls&ﬁbr%ﬁ@é‘ﬁ&%hﬁr aﬁe%?2) wher ein said nethod conprises
i ntroduci ng said_ I ntroducer c Q/ at a unct,ure site into the
é&{l |nto Said ascuigk

vascul ar syst &13pR9 i Qs fine %’lsiel“ %Qi'@roﬂﬂﬁeﬂ@ hetsre (124)

i nto saingdviyaiag thkcugh i shilatietand dechelar tor a0dbieepy sut@ahébettng said g@ivé getengvdrhr ough
t he vascul atHre and the heart to a delivery site, inserting said guide
cat het ersa'g\%' 4% d guide wire, 2 Oproviding an anchor unit (72) at a distal
end26f said ptpsivndnngamammprunﬂ(?bdmacﬂist@j esdofcaidipsshirg uaitdntiodudingsaid destal srad iol

pushi ng gy ok sdidbun@g Ll 6 shiy 8&er§ BLRELA T 3ch 1AG) - and
a) wherein said delivery catheter (130) has a smaller outer diameter than an inner diameter of
the guiding catheter (122), and longitudinally moving the delivery catheter in said guide catheter (122),
or
25 b) retracting said guide catheter, and longitudinally moving the delivery catheter over said
guide wire (124) previously placed at the delivery site by means of the guide catheter (122); and
activating said anchor unit (72) by means of pushing said pushing unit (132) forward while the
tip of the delivery catheter has contact with the surface of delivery site, such as the left ventricle wall
(26), and allowing anchor elements of the anchor unit, such as hooks or blades (75), to dig into the
30  tissue at said delivery site.

33. The method of claim 32, comprising
threading an extension unit (73) through said delivery system (134) and releasing a mitral
valve annulus anchor (110) by retracting the catheter of the delivery system from over the mitral valve
35  annulus anchor (110), and attaching the mitral valve annulus anchor to the mitral valve annulus (18).

34. The method of claim 29, comprising providing access to the vascular system by puncturing
a large vein, placing an introducer catheter (120) with a valve in the vein, through the introducer catheter



a) wherein said delivery catheter (130) has a smaller outer dianeter than
an i nner dianeter of the guiding catheter (122), and |ongitudinally noving
t he del i woyoniatib®tier in said guide catheter (122), or PEWb)SEe@Etnss88 ng sai d
gui de catheter, and longitudinally nmovBhg the delivery catheter over said
guide wire (124) previously placed at the delivery site by neans of the

gui de catheter (122); and activating said anchor unit (72) by neans
of pushiadeansiag d guideswirad24)rand ofar3e) guideriva advanbing & guitescathiefer tofthe tight atedim (Aer y

cat het ery, Bﬁ%ﬁrgl%u%ég tthé’Ybﬁ Bi rﬁgl mf%ée%t?ahuﬂ thﬂfjgh 4T Qénﬂrérﬁ%n &H@%ﬁﬁﬁougme' eft

ventrlcle nit, such

as hooknteyratrizi \&@iléé E(HM)ereait@f advaycmth@ tidiag Qatmtersfﬁﬂ@eéﬁft a;t;rmw)eqmd\p@y@ncggt e.

33. The sa’ebb@@caﬁet&l ﬂzzmrﬁﬁhe GURIBRAifeSIA Ghto the left ventricle tiroeg@thd Biitrdrnvaf { BN &l on

uni t tem (134) and releasing a mtral valve
annuPus %ﬁfg‘; %V?@W%&%'ﬁé he catheter of the delivery systemfrom
ov?ar the mt ratjvamahg/edéﬁagwydtans 128)ddran afdhdOYnit (22) thsiat thegoide gathdter anover al

val ve a

2011/ 11905 BBt 2ER i Gl Puht ey SRk wﬁ@fﬂg*n**%es@m?%e@f PESentisor ol ¢ e
gui de wi(26g, asdanaing thegpushingudathetec HBPlesng pushingtshid anchghinitatidf thecathpter epeniag toi ng
gfcfﬁfotg |ﬁt8ﬁ1e'nﬁfséula9rtt|5éu'éréh§ Btﬂﬂth«%% R‘{ruﬁ& 'ﬁ%éher ea@c%&@s&naﬁ&ﬁé}eﬁyﬁb’r g oval e

inter-atria ter advancing t gui di ng
cat het eSeeUiR @chering ok pullieg andipyshing ynit (A eansdeteactindribe delively eAlieds apGRYsENgr ( 122)
and theggide wire 124 into the left ventricle through the mtral valve
(19) to 5the delivery site at the left ventricular wall (26),
advancing a delivery system (126) for an anchor unit (72) inside the guide
cat heter or 08rTha mgthiodef ahaim &4 (coRisingradivdncing a detitdmedystemd h28h fong niteesvabvent act

\pl)mutsﬂl ;g%gg ea{ncﬁb‘ﬂpf@ﬁ%r%e Lnﬁgﬁﬁ w%sﬁﬁggﬁif (@luﬂﬂ tﬁ%nkho&ﬁﬁb)&) aﬂ%ﬁ i é%@e
opehb ng atiecant fg themigaltvale aany g,l 2 Whersis pesitiondrepsaating the eathgiert b34) over the|cat§eta@

sai d ”Uf(ﬁszhﬁtﬂ o&tsléééf%e F%ﬂ%ttalﬂﬁﬁlﬁd)éfnﬁ #ﬁé}éd&%eﬁ”’f akaPRRAE hEol@ARPH aftsth @ the
pulling a uni t and tracting the delivery catheter and

ushi ng
pushl ng MFA yﬁve annuls andlg 's't‘? tigtehod of claim 34, conpri sing advanci ng a
delivery system (128) for a mtral valve annulus anchor (110) over the

Tsad] acent t o prte ey b éﬂig’ég“aﬁwamgh@eepu%ﬂﬁe“é’d@ﬁﬁ GuaE end e Blert i g™ °
t he2 ¢at lirelergth dridadtachingdinese toethe eerotet emergy 3@)rceud)i | out si de of the patient,
allowing arnms (112) and their attachnents hooks (114) to attach to the
mtral valve annul us and di. g into the tissue. 36. The nethod of
cl ai m 35, adj détlihagethee okalaimidhgompdsingRoRitiennNasaidtenotagnasgycsouie (Mainflyer (78)
2 0i n | g5gelunddnthedkih akiticBd td NRSSel Isich 4k IBIREVEIR aSME SEIaTian T&ie(3f,3fd -
optionally attaching the energy source to a bony structure, such as the clavicle.
25
38. The method of claim 29, wherein said method comprises 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.
30
39. The method of claim 29, comprising
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
35 connecting said two anchors to each other by means of a connecting unit that may shorten
and increase the length between the anchors, and attaching the connecting unit to a remote energy
source; or



37. The nethod of claim 35, conprising positioning said renpote energy
source (84) in fatty tissue under the skin, adjacent to a vessel, such as a
| ar ge veiwoasiihelogsubcl avi an vein (3), and optionally atrCasER0gsd388 ener gy
source to a bony structure, such as theéZclavicle. 25 38. The net hod
of claim 29, wherein said nethod conprises providing surgical access to the
mtral valve, the mtral valve annulus and the left ventricle including

sur gi cal | y opegpilacipg theenitd ealve kyfanzrthicietevalve edrving aatmthetbe thal alvieagd e mitsal

cor por eahnfrlsdntiopt i on (ECC) or mani pul ating the heart manually fromthe

out si de, I'Te still punping. 30 39. The nethod of claim 29,

conpri si ng attaching a first anchor unit in the nusculature in the

area of the ingixeth&f br peBiidnchtfithRincing &% vekidufar BenPRindibe of Afehrt vensdtibgul ar
apex, or_in adjacent. tlg{ﬁu&d at't a(glhl n&%@ second anchg{i@ﬁw to the tral
val ve anfidmediod soersing Sentaredasgstedimiat @lye Jiverarnesnghr A&RrdgG C s of
a connectidhgartinit that may shorten and increase the | ength between the
anchors, and attaching the connecting unit to a renpte energy source; or
WO 2011/ 119101PCT/ SE2011/ 050338 32 replacing the mtral valve by an
artificial vaWlehsaethongf daimiBdtsaidtntathodicompiisingal ve and the mitral annul us

anchor. providinﬁ@-meﬁic%%n%dca?ﬂéd Wnﬂ%ﬂ@!ﬂﬁ%%ar@ﬁégl%d AQulaihtor ¥ R drgul ar
pu function of a“heart of a patient, 5said nmethod conprising controlled
assi 8t edabant byAssiginoelt vepiieuE RUMB detiohrsaididedee having a diselagegieauniyard actyptingai d
hear t o said medical_de\ﬂclie foﬂ’dbﬁtrdllﬁlﬁl%%%{sﬁf r{ﬁév@in@ht%ﬁa mEl aIveRT élmgtamwglrpiaﬁ% ng

provi di n i cal device ed to. enhance intra-cardiac, blood .

P eul nTstee 25Rea foR oS o e hierieh o ) Haad Pupdd ASHERhel B Pr&Bnsc
action, csetrotatiieaoving compiiseg maviog s pitatwaive it saidtieart incandssisted reaiprocagingai d nmedi cal
device f roll LSt ! J . tral
val ve pirihe el sty oRanh ah ol of BUEERn@d g BhiibBaudtotPed ark By L S
heaitd bysgisiing said pynactencefisaidheart. wherein said controll ably nmoving conpri ses

noving a mtral valve in said heart in an assisted reciprocating novenment
during systole t;war ds an I%gex of sai d heart angpduri ng di astol e away from

f . ,
sai d apex f or 4354881ed0f APRR opinforaRrieNg Aetertng e gaieabdation of the heart, suchas

by measuring an electrocardiogram, a blood pressure wave or blood flow of said heart, and providing
energy for displacement of said mitral valve plane in synchrony with the natural heart cycle, thereby
20  enhancing the natural up and down movement of a mitral valve during a heart cycle.

43. The method of any of claims 40 to 42, providing a mitral valve replacement valve for said
movement.

25 44. The method of claim 43, wherein said replacement valve is mounted in a housing, and
moving said heart valve up and down in said housing relative to a mitral valve annulus attachment.

45. The method of claims 29 to 44, wherein said medical device is a device according to any
of claims 1 to 27.
30
46. 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
35  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.



42. The nethod of claim40 or 41, conprising detecting the natural action
of the heart, such as by neasuring an el ectrocardi ogram a bl ood pressure
wave or hbWwoadiifiliewiof said heart, and providi ng energy fPaom/sgc@aplsisssrent of
said mitral valve plane in synchrony wBBh the natural heart cycle, thereby
20enhanci ng the natural up and down novenment of a mtral valve during a
heart cycle. 43. The nethod of any of clains 40 to 42, providing a
mtral val ve Aép\ eopotenteadabiemediun havaige@mirodiechtbereon 2&mputelpregremtfettod of cl ai m
43, whergj ind A IS ] i ving said
heart vgfd\?gssﬁg bgﬁgﬁ’rﬁﬂétﬂmﬁ‘?ﬁ@@ngﬁgﬁ%%ﬂlﬂs@ﬁlg@ fréglbgﬂljd\ygr @‘éﬁ}’gH ﬁt@?%fla%egﬁtg% annul us
at t achm@alient, said computgs prograan GeEPHRY BFode Fedniest fosynehrenizinggsgisted mitrglaialye nedi cal
devi ce ingovamétR it cagia®diedPsditheany of claims 1 to 27. 30 46. A
system for permanently éenhancing left ventricular punp function of a heart
of a5patient, said system conprising a displacenent unit for controlled
assisted mtral valve novenent synchronized with a cardiac cycle of said
heart substantially along a long axis of a left ventricle of said heart,
sai d di splacenent unit being configured to be arranged in said heart of
said patient and being in contact with 35said mtral valve to push and/or
pull said mtral valve such that said mtral valve noves in a by said

di spl acenent unit assisted reciprocating novenent during systole towards an
apex of said heart and/or during diastole away from said apex for assisting
punp action of said heart. WD 2011/119101PCT/ SE2011/050338 33 47. A
conput er - readabl e nedi um havi ng enbodi ed t hereon a conputer program for
processing by a conputer for permanently enhancing |eft ventricular punp
function of a heart of a patient, said conputer program conprising a code
segnent for synchronizing assisted mtral valve novenent wth a cardiac
cycle of said heart.



