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have unknown rg@g@?@nd%pg,eqﬁ@%nof Iong standr ng hi gh bl ood pressure may
al so cause end stage heart fal strengt heni ng drugs |i ke digoxin
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there are I n
20  adequate blood pressure and cardiac output. The term Congestive relates to a congestion of blood and

fluids in front of the pumping ventricles as a result of insufficient forward pumping, most often caused by
disease of the left ventricle muscle. A peculiarity of heart cells is that they do not regenerate after
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.

IIHIIIIHIIllllllllll"lllllﬂlllllllll

.. *GO0002*




present nore than 5 MIlion patients living wwth 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 limted nunber
of suitable organs only 2500 transplants are done yearly in the US. One may
extrapol ate the nunbers for the rest of the industrialized world. 35Tot al
artificial heart, where the whole native heart is excised and replaced with
a mechani cal device was introduced in the 1960's by DeBakey, in the 1980's

by a][mng ot her Jheleuire biemrteutinit@s sigpbiindoonlydareilirrisit \(eﬁft\lﬁkfléjikﬁﬂmfa's leftVéﬁtr&:e
Artifici - - t I St . CO
Ges! gne. aRvlTaelceS (LVABH Y dlost b g YA Ar R NET<Br B b B 0 CB R
oper at i orlordfis denieesdethe demand for sejar open heet pargary utiizing exiracorpa@eBHAAatiopby means
Known as | peir ASISRENGUGE VENERANE BBy otealahiy SO SNGSINAREE or e
| | VI . |
the. Now actsBhis 560 et e Riae ! A arRCTheleglelprol Hp BUnBVERES | < t he
demand f aowadayothe bloatMateclhithe Janik §ed0yand the MiczaMey DeRBakep Al foweef, major gpghat i on by

means of A ) i - i c i S heart .
rRar Efelyis G Hodeb3 ITRGA 416 Wb o QRRULIOING Rt VBRifRIcaNG lnd 6 Mear t

They are bul k evices, a vacor 5wej gh 1.800 grans, a
O Rl eSSl AT ThovPeB e deyipas ot Ao SYUANGR bEeh HE BB 1 Mot o
I'l, the Dddgeitika Réx@lramsptinttdoe toMighfrequsbey obeBakicaliony/Aome bbwrvare cansed by thepen

h i Lok ) i NS | i t
R U L GRSy W B PR o S 1
The ment ib8FAuEE QfBigh rics ofaip b0 190 RBLS onblenthpsdeliesy been used as a bridge to a

heart dt L ans El amUnileteStates ﬂﬂit@\?nd‘. 5,e?lmm_@wacmﬂatit6mmlc% fbat#je ﬂéhtﬁral r@t@mls_d@aose@.idc h are
cause . L [ no (0] orel.gn materl a | nortaklt n
T ted dr ARt g‘%vgeern% Fotfida Besriar R Eha B B e AL it g ot ces

of up t o cagoc txsee hereei] Wetevicetalse inglugdes @eyoke for placement groundiatpediorsef deestefiait ent no.

5, 957597 Gude athd naRirdl A8hrickeydnE@l digimeht\athtstitahd ERAdcled itthélétmetyas RSt onhe
activation ?ew.c e interior voIFeHrre of a

h tint f | t h th
natural 8% ?”rgéf’&ﬁg@%ﬁt@d%abﬁn%(@“ﬁ{"% Bﬁg?fa%?é#“mg%@ﬂa%ww 4fY5 5@ des a
yoke for whemdelhefthe cagedisiinsideathe beartianchthe btherthalf eutsider Wihin thd Bags arhbartehambertehe
. | ; ' ; . $
natural Regg e 'véhtrﬁ%r@setfoﬂglre%w&%ﬁ‘?ﬂ tBéWe%r&rozgﬁsaﬁﬁd éf&ﬁeﬂfﬂ&brﬁé&p%fj@ﬂwa{ rtlope

stint by at |east one c surgi ca| By nmeans o ultiple parts
that ar e RECSBHEIRRIESOR PHe shambenisachigved g thecoutsida giha ingiitel avoia fhel igffer t he cage
I's | nsi denedrhstrutteras haypgivt dwlgwitile iermpréesing fromithe iodtside. bivéien thelievissagena hear t
chamber, Reasifl: ad i}l 4 cof iRt sehRer o HRTRPHE haard 18 16 by o fEERTS Of
hydraul i ¢ power 'under neat e _ex?er nal 'part o ”tahe cage, conpression on

t he chanihreovay, exiensie,pen heag thofanie swarngs cRaUIredriepqsiterste ryice Indheoratient margcofi nner
20heart  sfhich hl/aiveg Surg@y ofdheifitra VEve. PdHhbmofOIND @GR i ot ddsigRadtistectdr srichenic

However , tltﬂﬁ]edet\ﬁ' ﬁ%al S i‘/eery invasive, as it requires a connection between
the interf Sfug 'Fu%ye‘f t and the exterior of the heart. Mboreover,

ext eBSi ve openNbreaf the denineafor permanegiemplant grevieuslyi dessdbadargieasibie formivimel devi ce in

the pati efibsivet@ifbteHasethlhsehion. T Me\BtrafheRaINnveile hEiEr dpbr Fedkt s8dry Shere is a
nchronic with the

Furthernore, the devyice js,not designed Tor action sy :

nat ur | RESHn BERATG orSERieErs. {Randiiore udler i AsPHRR BRI EABIEI: et ous! y
descr i bedadiaesirgepsand lteealtbw positioningailan implaabiith e atbeterierhsiquetva byerdinimabaecdss on.  On

t he cont rsgﬁ%( ~they all involve major open heart surgery. There is a need
and deman %r si npl er devices. It is one scope of the here presented

i nvedPi on to olfPecyshjherith caie i pgtmagertly esajching T inproyed daxiceradd Metiadsng of an

i npl ant wi t h céereelthdre s@ghrticulEi eeedrof dyimplovddrspdtern ekt method fgegeymandftlybr eover ,

heal th C%ﬁankiﬁg &%ngs{?iﬁgelgﬁ !/e\ﬁtr%lﬁﬁ'rpﬁm) fﬁﬂcti]:)ﬁ) b ai HERY &\éepgtieﬂﬁ \flilecseyaer% rild et hods.
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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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. 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

improving 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 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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30 Movable units of embodiments, like joints, etc. may be suitably encapsulated to not be in
contact with blood or cardiac tissue to avoid any operational complications.

In some embodiments, the displacement unit has a plurality of magnetic tissue anchors that
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 insynchrony 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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delivery catheter may have a smaller outer diameter than an inner diameter of the guiding catheter, and
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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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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



el ectrocardi ogram heart sounds, a bl ood pressure wave or blood flow of the
heart, and providing 15energy for displacenent of the mtral valve in
synchrony with the natural heart cycle, thereby enhancing the natural up
and down nmovenent of a mitral valve during a heart cycle. The nethod nmay

i nclude providing a mtral valve repl acenent valve for the novenent. The
repl acenent val ve nay be nounted in a housing, and noving the heart valve
up and down in the housing relative to a mtral valve annulus attachnent.
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per manent 169UNGHWE OF g1 Yankicle Kya PanThe method indlydes nsesing greftyemtcdler . The ki t

i ncl udes emhdneérhent gniemiidatha ieft eerraecibertef btriom asdmijaeert tdsuomd3Gangigam pl aced i n
the l.eft | " (A ; .t r | .acent
ti ssul? abﬁ\ﬁgé}{c%m@kﬁg OE lﬁgerm%{]éreglgﬁt\?gﬁ%ﬁeﬁg%é%&;&s%&ss Sgélhntﬁ%{tjh\é%%% eégmngﬂi s? al ong
the di r ecieicopneeied o 3R ENESHFOHSE Wnitone sefhad inclydes transter ef exiemaleneray 19Mie wit h t he
heart cycdnRancamentiritimie Bf wintrizlepthellefratelerh hr\d&fd)acﬁ}/ﬁdﬁwm bl‘dér_l’gﬁmbvl‘(ethmitrélhe -
augnent at t . et s in r.t e .ki rovi de
i VAR P ARG g Bl i R Rl Tl AT (R i e PR
35enhanc esyeahonizgdswitiine natugal beagaydleent . Thus the kit provides both inplants
that jmay be use@fenibimps, RO Yrclu@aisb M@ertidheof BiférieRf) sodddinder@Riskiver y system

whi ch may be used for. inserting the inplants. The enhanci ng nmeans may be
pr e- mount ed insrﬁ%@etﬁ%q qllg‘%srefglrCQV%F@W%%%B@%(S?@?@,MWFF enS1ees H@“g@m%urce may
be packageuderdehaestrel spurtoin sathrarvey thabthe ehergysgureaumayebe Jocatddhendki the skambuf ur t her
have a gy dgewéig for 10 guiding insertion of the delivery systemto the
desired positi %ns t hr ou%{; t he vascul ar ? stemof a patient, The deljvery
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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.



cat heter. According to a further aspect of the invention there is
provided a nethod for permanently treating failure of a left ventricle in a
patient. The method includes inserting a |left ventricular enhancenent
systeminto the left ventricle, the left atriumand adjacent tissue and
arrangi ng an 10enhancenent unit of theienhancenent systemin desired
positions such that the enhancenent unit may be connected to an energy
source unit. The nmethod includes transfer of external energy to the
enhancenent unilitshou Behegnphasized thetthe tered “ompribes/comprisingt wiien Ike@tithis dpedifiedtion t i ssue
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Furt Her eachatdr imendesto efigmehnighe miralrvalveomovementdef i ned i n t he dependent cl ai ns,
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enphasi zeY dgr fp-augp QYR Vavs OVETeaEL / conpr i si ng" when used inthis
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gr oup® t her eof .Figsel4iad arpechematgiliugiations trtah@omamql]%ve an(P 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.



These and ot her aspects, features and advantages of which enbodi nents of
the invention are capable of will be apparent and elucidated fromthe
foll ow ng description of enbodiments of the present invention, reference
bei ng made to the acconpanyi ng draw ngs. Fig. 1is a partly
cross-sectional schematic illustrationipf a human heart depicting
structures 10that are invol ved. Fig. 2 is a schematic illustration
showi ng the level of the mtral valve plane in relation to the left

ventricul ar | ORigs.28i38 are schematic illusiraliéns o8 a dfodHoPgercutBEREBéMetd dathe®t baabd ONS

expl ai ni enment of the mtral valve during a normal cardiac
cycle. &%cérﬁ&t %wovggﬁéhemt ic illustrations depicting how various

enmbodi ment s au@l@ﬁit's@ﬂﬁé\lchﬁﬂtqfﬁiﬁ mgtibde novenment along the left ventricul ar
| ong axis. Flgs 10 a and b are schematic illustrations that

descrl be different I ments utilizing pulling and pushing forces in
order >t o augrrehfsctr'ﬂﬁm}ﬁ eF‘QP“U‘&W\?e novenent . Figs. 11 a -c are
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Fi gs. ustrations that show a delivery system for
conpl et e cat hef8r! dpRistsdhe anatamical sruckiresohibe hrasts of whisk ot lenst S&G‘Qﬁ@h’ivalt"?ddh
system ekBodiments of thefivgstion. 28s tROSiefior VeieTavh (3V/0),14lis 8 right atouns F@J) 6as thet hod for

percut an%ﬂﬁa& %ﬂﬁﬂé fJCtS?os(flf% P*Beg fhe Cg"ﬁ?s%jartpi 123 f‘?\g‘ﬁﬁ'enomeng Egva (R/E?\f?ls % 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 ventricutar 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 heaft, 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



Fig. 31 is a flowhart of the nethod. 5Description of enbodinents

Speci fic enbodi nents of the invention will now be described wth reference
to the acconpanyi ng drawi ngs. This invention nmay, however, be enbodied in
many different fornms and shoul d not be construed as limted to the

enbodi nents set forth herein; rather, these enbodi nents are provided so
that this disclosure will be thorough and conplete, and will fully convey
the scope of the 10 invention to those skilled in the art. The term nol ogy
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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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foll ow ng systole. In a diseased heart, for instance, the range of
novenent of the MW plane may be reduced, e.g. due to heart nuscle
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i nto a | ianehars dromagmets Fmederahly dlectromdgnets, but one or the other may also be a traditional
permanent magnet. The electromagnetic magnets are arranged to change polarity, synchronized with
the heart cycle in order to change between pulling towards each other and/or pushing away from each
other. There are no physical connecting units between the anchor units, which allows for an optimal

35  movement along the LV long axis, which may not entirely be perpendicular to the MV plane. When the
anchoring units have different polarity they move the two anchors closer to each other and
correspondingly, when the polarity is equal, they move the two anchors away from each other. Fig. 7
depicts, as in Fig. 3, the movements in systole of the mitral valve plane 48 in relation to the LV apex 26,



renmote energy source 84 is in sone enbodi nents provided as el ectrical
energy. A small linear actuator or an electrical notor is suitable. In the
cardiac cycle, the follow ng noments are shown in Fig. 5. a) inmediately
before systole, b) during systole and c) end of systole. Fig. 6 depicts, as
in Fig. 4, the novenents in diastole ofisthe mtral valve plane 48 in
relation to 10the LV apex 26, the WV anterior 20 and posterior 21 |eaflets,
the W annulus 18, the aortic valve 28, the LA wall 16 and the LA cavity 14
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10Fig. 4, the novenents in diastole of the mtral valve plane 48 in
relation to the LV apex 26, the MV anterior 20 and posterior 21 |leaflets,
the W annulus 18, the aortic valve 28, the LA wall 16 and the LA cavity 14
during an augnented heart beat. The nagnetic anchors 56 and 60 now have
equal polarity (here both negative) andespush each other away. The magnetic
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cabl e type
actuator may advantageously be constructed as a m|n| linear actuator now available on the market. The

actuator may alternatively, or in addition, have a mini motor integrated. MEMS (micro-electro-

35  mechanical-systems) technology may be utilized for constructing such a motor. Thus Fig. 11a depicts
the situation when the connecting unit 54 is pushed against the mitral valve annulus attachment 56. The
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



surrounded by a sheath 78. The connecting unit 73 extends all the way from
a tissue anchor 72, through the mtral valve attachnent unit 56. The tissue
anchor 72 shown here is deployed in the LV nuscle wall 22 near the apex 26.
The anchor has hooks 75 that dig into the tissue for a strong attachnent.
One attractive option is to drop the anghor prior to the mtral annulus
attachnment in order to let it growinto 15the tissue and create a strong
scar tissue before connection to the energy source and starting the action
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Fig. 12a depicts the situation in diastole, where both magnetic units have
the sanme polarity, here the poles are illustrated positive. Thus the mtral
val ve is pushed away fromthe LV apex, towards 20the LA. The mtral valve
pl ane is re-positioned upwardly along the LV long axis. Contrary to this,
Fig. 12b shows the situation in systoleg The polarity of the magnet unit in
the mtral valve has changed polarity, here to negative, attracting the
positive charged magnet unit in the apex and pulling the mtral valve
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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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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 infroducer 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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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
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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



15t hensel ves into the tissue. In one enbodi mrent of the nmethod, the anchor
is allowed to heal into the nuscul ature by scar tissue over a period of
preferably 6 - 12 weeks before the cardiac assist systemis activated. In
ani mal experinents the inventor has found such scar attachnment stronger
than the nuscul ature itself, and by pubking 1.5 to 2 kil ogram force was
necessary to pull the anchor out, and then only together with the scar
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val ve serving as both the mtral valve and the mtral annulus anchor.

In still another surgical nethod for using the invention, an artificial
heart valve is nounted in a cage or housing, allowi ng the heart valve to
nove up and down relatively to the mtrel valve annulus attachnent by neans
of the renpote energy source as describes. 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
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of the left heart. The mtral valve plane is 35assisted in a novenent al ong
the left Wﬂ??‘?'&ﬂ ar long axis during each heart cycle. The very cl ose

rel ati onshi p bdhepresentinentioo hanizeey described alzovel witthreferencertabpesifit snebodlimenised by
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By nmeans of catheter Inplant I's coronary
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val ve  25ofwmle, intag be pryvidadaitia thie 3eppt biethd iefehtioneTHerdiflershidfsatlésemt elepsofthiel 11 ng and

e ! SRR Pl LR ek LR R SR L

di scl osur@'ymﬁedﬂh‘tf@cﬁﬁl@ﬁ“ﬁ@c?%“t%"éﬁrbodl rrent s of the co-pending application.
For il’st ance an annul opl asty ring may ne provided as a mitral valve
intra-atrial or intra-ventricular anchor unit with a CS 5anchor unit or
driving unit as described in the co-pending application. A prosthetic
artificial MV may be provided in conbination with CS anchor unit or driving
unit, etc. The M plane nmay advant ageously be well nechanically and stable
be provided and noved nore efficiently by some of these conbined

enbodi ments. The present invention has been described above with reference
to specific enbodi nents. 10However, other enbodi nents than the above
described are equally possible within the scope of the invention. Different
met hod steps than those descri bed above, perform ng the nethod by hardware
or software, may be provided within the scope of the invention. The
different features and steps of the invention nmay be conbined in other
conbi nati ons than those descri bed. The scope of the invention is only
limted by the appended patent clains. 15 26




CLAI M5 1. A nedical device adapted to enhance intra-cardiac bl ood
circulation of a heart of a patient by assisting |eft ventricular punp
action, said device having 5a displacenent unit adapted to controllably
assi st nmovenent of a mitral valve in a mtral valve plane substantially
along a long axis of a left ventricle p§ said heart, and configured to be
arranged in said heart of said patient and being in contact with said
mtral valve to push and/or pull said mtral valve such that said mtra
val ve noves in a by said displacenenClAM assisted reciprocating novenent
during systole along said [ong axis towards an apex of sald heart and
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second arrdhpted to 60 xffixed td tbe;uttreld/alrv@mules anddas arhextehsiersunit arotrtiring floBGpid fixesibrde or
outsi de Sgi 65‘1%@5r&s a c?de\%tbho%n@&f%éu&ﬁﬁal‘v@lvé Bﬁd W?érém id rﬁé&ﬁarﬁc%f&mt }éeaﬂécfhbd?tbe

out er [ eft ventricl

cavity or I Xe
per i c)altr dlﬁiaﬁxﬁt'ﬁ%urﬂﬁ g%ﬁtrs&@rﬁ‘te'ﬂ?*?@ ublraa?'acoaaﬁaf'%r{'a%r t he skin, on the

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



spine or the thoracic cage including the ribs and sternum 9. The
device of claim7, wherein a first anchor unit of said nagnetic tissue
anchors is an el ectromagnet that controllably changes polarity synchronized
with the heart cycle. 15 10. The device of claim8 or 9, wherein
one of said magnetic anchors is a | oopz2gshaped annul opl asty inpl ant.

11. The device of claim8 or 9, wherein said second magnet anchor (60) is
adapted to be 20l ocated in the atrial or ventricular septum wherein the
second arthdwtural forde df the aekmipareithr tupingp st ldasisepottion of didstoledsrdugnmtingcenatural fllpgNni Ng i N
sai d SEpto'fﬂ?eleftv icle. 12. The device of claim8 or 9, wherein said second
magnet anc i's adapted to be located in the left atrial appendage
(LAA), wherein the second anchor unit is an LAA occl uder.

13. The device of any of clains 1 to 12 corrpri Si ng an energy source (84)
arranged renot fhr%msao\dls % \Ldnlt ntsa @ | said
di spl acenent unt © gv'%?roljgﬁ'ﬁ] r@'ncf?'id BHaGS{)‘e%HE' W'Bf@e(_s)%p Eﬁ't&o '5?98?5
ener gy sdissueean¢t®s) inclading afireé peaximalredgdetisraaehgi/(56)and 8 eeco@ Ylistalgnagaetip aratiort o
provi de s@h %rﬁdﬂ%?é?ébntfrdﬂéblysﬁl'dQeléﬂﬁvmet%frelaﬁﬁé Qacﬁ‘ofhéfa\‘vhe‘r’@rkééﬁjﬂré?a&ﬁbr% st r al

oot ai b ?%ﬁfwﬁr'&ﬁ&qﬁjo%d Rt i e semor® Snenbr B RGAEd ryetS o B érﬁtr ed

from sai canclentsbpinsidecr gytsidesaiddiearf, 8uth as hifixed githawallok he fefl eehtiizrvadty bi afixeditoi t
(73) 1toO Stﬁé &t&ﬁpéf%qwhtn&fé‘ 'thte per?tgfjdﬁlm fﬁgﬁlaﬁg rTF'fhg‘B fleus! cﬁ'uﬁﬂe?*fﬁe FR’W%E fign said

di spla unit conpri energy 1's electrical
ener gy th%Rt”eP%th%\h%féﬁ'??%98!“F'9d'@9rtﬁﬁ1@ﬁéﬁqﬂﬁmfm om sai d rem)te energy source
(84), such as via a wire, to said actuator where the external force is

execut ed by ”e%nme%gvmseaof galﬁﬁt \”E?etrecfrf ? flrst%ﬁchor unit of sald agnelt_fgﬁfsgg éﬁcﬁgr%%f any of

clains 1 to 15 78 that is
af fixed igkckenagnetdrat @Qﬂtr@bblncf@n@p|pd@réwn@hrqmmed Wlﬂbthe Realtdyckessi st ed novemnent
alongs he long axis of the left ventricle reci procati ng towards the heart
apex and away t ef,rom the ca 517, The

devi ce of any JB'%PQ?V%FE Oh&?'%%fﬁg %’PQP‘H’ 3¢ H‘a%e Crao{'F c\/sa'g@k’oi’ shaged epl acement
artifici annvedlasty iod@®) that is arranged to be reciprocating noved by said
di spl acenment unit along the long axis of the Ieft ventricle towards the
heart apex and therefromin Sénchron with the cardiac cycle. 18. The

devi ce of clai ﬁﬁgd?f\‘ﬂ'ﬁ:@%ﬁ'aﬂf@ﬂ%WP Bin SRt sRSAR ’%ﬁgﬂ‘?t?f‘@%{po \Psaﬁdglge(t@ﬁ?)rl ses a
hol | aw f riedated Itheatiial or ventriculsg sdptueh, whdreie thk 8gdhdamchorgit i€ adapted tocbefinsansd ints

confi gurdéil]c l}agareédc?ﬁ@%ﬁ@alhg?pmxd heart perpendicular to said mtral valve

pl ane an on I-gur ed to the mtral valve annulus, and wherein
said frame is housing a plurality of valve leaflets (106), and wherein said

frame is COﬂneQQ%eHé\no‘é%fﬂauﬂ'S%p@ %@r@ﬁ@éld stbid rﬁagrnet%mrﬂr(m\lmmbd tob619. The

\(,jvﬁ:/::ﬁe sgr Iac%ke%lmnhe left atria %pr)p)%'né]age "(}_Ag\ wlnergm ?h%%gr%ﬂé ancnor unicis an LARS&RIudr. housing in

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.



repl acenent artificial valve is novably received, said housing having a

| ongi tudi nal extension 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 acement valve is arranged to nove & the cardi ac assi st reciprocating
novenment along the LV long axis relative to said mtral valve 20annul us
attachnment in said housing. 20. The device of claim 1, wherein an
anchor unit i s 1prToy deled of amy bialaimsof to d5 fwbk@mishie mitial vaivk is\eardativ@ et vdiveéshatisc hor

uni t aff 'a{ﬁ&?&zg retla\‘ilt/%r?é'sg\d H‘sélécgnlng}( ﬁn'u"f‘&‘r s AsCisteRr mcﬁ?rﬁé‘m g?@ﬁheglﬁﬁéd a6 oPhe BHY Of

clains 1 ween a stable
di ast ol i d/eutﬂclq)rsgprptia@w tawidstheshesn Ia@exw% @wﬂf@reir@wm sypeyany with e cardiec ayile.pl ane,
wherein said displacenment unit has an equilibriumstate in the up and down

. i h
P sabl Lezﬁiﬁ% TR e Bl LI T gl 3l AT v S BB R 2t =" 1"
cont rol | alivg (180)dhat i @dtanged torbereﬁlp@patagmtbyeaid displasersgnh arhiratong thalonf axiswe

cardi ac gLk veniifle towards the héat ap&Xighd 4Ry BEeRim RBYckbnyohith tHERarbiat %c%l wher ei n
sai d device has a renote energy source (84), a control unit (88 and a

sensor operative connected to said control unit (88) for neasuring
physi ol ogi cal pérTaerdeve sf olairh 4T, etlereio stith eeplacementcertificiglo/blee otprises byolpwdramei ng a

sensaly SN o oHGRA Dbt \RERR 3hg PARNBLorh IO diEfled f sgahgcont Tol uni

ener gy f rRSPPRAIGURT oS Mirablve 619“%499 codayrehtp b&ﬂfﬂxesé%té‘ﬂmtﬁ’ﬁ' valyg gnndlundet  si gnal .
29 di spl awhersinrsaid frame is hodisig @i pluratiy ohvailvee taflets06) aingd widreih sakdfran@tigdoneetil tor

| i near i d nechani cal section (90) in operation
t her eof a%fg%ﬁpl egr}eerrgf??% Eﬂgal rHgngispl acenent unit for said novenent of said
mtral valve plane via said extension unit (73). 524. The device of claim

22, tw{ser ein sgngl The B&ice ofdRh ¥ wherdin 6&d ﬁlsméceméntqmmompﬂudeeﬁl h&ﬁém@?hﬂﬁlcﬁ%ﬂ rol

uni 0 prqvide.e rical _en or_ _nor.e netica

it s o PaReamen S EGR naREk e, Piho iRV onib B P EAeh SRuBlT ot or
ar r anged tabe wrientedintshid héestape tpendionlapto @wnitckt vabaiptinerandensfigtred fo bs affiedrio theal val ve
plane. 1 rﬁ@ar?valJéha‘?mLﬂL‘fsthSﬁntt%fvaﬁ@lénrfﬁ[t;s E*éﬁhrﬂ@\t er%ﬂ sﬁ&re}p?@/&‘?ﬁeﬁf VAIve Riafhar gmte

ener gy source , ti ssue under the
skin, adjBRVeHNe %c&&%%acmmg%e%ma&e"@main@ \'r\éloﬁg axsgelativg o QTR Ve any of
cl ai r® 1 dnouldsttachimentan saiddmusingdevi ce conprises a control unit (88) which
controls said displacenent unit to provide a set sequence of said

reci procating novenents. 27. The device of claim 26, wherein
said control urZﬂtTheseV@eﬁfql@nﬂe@etew ag@ﬂchﬁrumtescwﬁ@q/mf@m@i@ioldabl%rp@élda%nd/ or

a pause tdannmusthatiat iritafiRdbletabsld miraliva@gatiug novenents in said set sequence.
28. A kit conprising a device of any of clains 1 to 27, and a delivery

-system for said device, 20including an introducer cat het er (120) with a
val v@5 a gui di & T@aﬂwefanwmqms hto@lii whereinisaid displacémentmait iabistabjebatwesna

delivery gleftisBlic Upbééition hrPa 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



29. A nedical nethod of delivering a nmedical device adapted to enhance
intra-cardiac blood circulation of a heart of a patient by assisting |left
ventricul ar punp action, said device having a 25di spl acenent unit adapted
to controllably nove a mtral valve in a mtral valve plane substantially
along a long axis of a left ventricle pp said heart, and configured to be
arranged in said heart of said patient and being in contact with said
mtral valve to push and/or pull said mtral valve such that said mtral
val ve pl afieplacesnenbunddvhiereinanetkanicalmantion, sunt) apTationandr liskar motpn Sy génelated bpyewd ds an
apex of (s Il : | I I Sal [..assi sting
sai d punpsrﬁ‘éé:ﬁ?r{ﬂ%ﬁsre{:)t}o ﬁg_yaé? ﬁldé]éé%fg? ?‘k‘@gﬁaﬁh ﬁ%@ﬁ@%‘j @8@@’&%%’.“%@% ff)r%md provi di ng
a nedi cal MypRent p said@nitialyalg Piaae via saitaxteasioradi{(i3¢ and an energy source (84),
and surgically and/or mninmally invasively delivering said nedical system

in sai.d patien . . The_. hod of cl ai , rein.said
met hod conpri stezé' TB? SWC&OLC&"E%&h?r\elg%/ggeb‘gféeeﬂ‘?r%??@%e%ﬁ%C rﬁf?@dﬁy t¥%ccor di ng
t o cl ai mceatrol gnifrto prpvidergdeicirigal Erevayde engloy makeleleoteoniagptiesh anthoreiditscéfixectin talatien i n

sai d pat itg8did mBAdalve3 @ to at least oneBtilatorREhngel BMORAMI ekt AEPrbNR bl thoSéthet of
di spl acerregat uni I said nedical systemin said patient by neans of said

: 0
del i very 2 ﬂ't{ﬁ]ﬁ'évﬁé)ain?/eri ng said energy source (84), and connecting said
energy source and said displacenment unit. 531. The nethod of claim 30,

wher ginn sai d deki ; i LAt L r ; ith a
VPR il W €t el

valve, a guidin , , e ,

met hod cdgrﬁ?liogaé“g’ R ﬁ?fagl‘.lﬂ?éﬁ’er}{j‘d érl‘ech'lﬂrﬁdlag‘%ﬂtJ@@rve%S&bﬁl@f‘é?atam(‘!?'“-at a puncture
site into the vascular systemof said patient, inserting said guide wre
(124) into sai L ar n V4 (oY Mo\ & . jgating
i olgh ¢ he. vaddunapecabi Y St |8 25 gl 2l BEUE SRS oo U O 1
gui di ng c¥icheeniols §aid dispiasempnd uejLip arevide @ eet sagiensel pipai megipegating gavements r e,

t hrough said guide catheter delivering a first anchor unit at a distance

froma mtral lve .and L.ivering a_.second anchor unit at said mtral
valve 67758 68R8 of i 45 WP Raf R U R EPBhuetl by BB PLIA L e

i ncl udes sqeed andropa pause tinadusalivref said Fiprogating mavements én said seisequeatey cat het er
(130) and a pushing unit (132), a guide wire (124) and a gui ding 15cat heter

122), wherein id method conprjses, introdycin id introducer catheter
(120) are ounaB A clTirng A doreB RLAY SLOAT 005 chEapabens bl Is paHe e
i nser20i ngnchding agyintratipcencatietdr 1128) withratvalvs aigdidivgeathelten (128)y 8 §ade wite 124 pand at

i nt roduc iopat 4 t hrough the vascul ature and the heart to a
del i ver y%&:sf@%ﬁ?l&%&gtﬁég’r(ggi 1&g)g]ui de catheter over said guide wre,

20provi ding an anchor unit (72) at a distal end of said pushing unit,
i ntroduci ng sai2el, Adneficall meiod of delivering a medical 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
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 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  as said kit according to claim 28, for minimally invasively delivering said medical device in said patient,
and



front of said pushing unit into said delivery catheter (130), and

a) wherein said delivery catheter (130) has a snaller outer dianeter than
an inner dianeter of the guiding catheter (122), and |ongitudinally noving
the delivery catheter in said guide catheter (122), or 25b) retracting said
gui de catheter, and longitudinally novdng 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 pushi ng sai chipraallpinegsivalyidelivérihg 23id displavemeht wiif df eaid fedidal gysterh it daid peiieht byer y

cat heter r | ef t
ventricle vva? ﬁ%?gggtkerg’k)ﬁtén\t F@V&Hgg P &ﬁer(reﬁ ald §4nrn€crl]|n anrc}he@y %otrq:!%te such
as hooks %HSMQJ%@GW%W to dig |nto the 30tissue at said delivery site.
33. The nethod of claim 32, conprising t hreadi ng an extensi on

anhul e hnchor ST felof SR iRied BB e 38R b BT pIM B e 1 om
over the (iRQ) wiha Vﬁétev@twmntmters(wg@ndagu@e_ g (1244 rand avheraio Issish gethrecompiiseal

val \ée anﬂhttofléiLm %ﬁlb‘i?ﬂroddéertcﬂtﬂeté'ﬂ ‘IZO%t a"pﬁhdﬁﬁe g@r\% {48 vdsddar- syste?rlof%ﬁw ghthg a
guide wire

het toth
right atrium ( sértl%s[aglgrqﬁﬁ 'red@%‘ﬁé“g’ ¥y V?%?ﬁ”?%%%“ﬁ’?@%&tﬂ ?‘%f Cﬂﬁg‘ﬁeﬁe? t at |Ong ©
t hr ough mVIWB@tthUQfathVBSw}aiﬂlfe anst the trerad toophdesired sute)tnsemrmtsaldaguldlmgad:athe(en)veand

thereagft esrald%%@Wﬁ;é %&Mﬁ%bgm l%aﬁttb‘ﬁ@%aﬁ eg’ﬂfd Ihb?erldﬁfv&r|ngrarﬁtsl"£ﬁcl(otﬁalt ﬁta”d

advanci ng e wre Into t
ventri cl @?ﬂ?rt‘i% ‘P{"?H‘éraﬂtat"? and dgs \{e{} %ggndtaachgtwgabsgdlm}@qua@, te at the left

ventricular wall (26), advanC| ng a delivery system (126) for an

anchor unit ”%& fh@ﬁt'eﬂGd 6f%ﬁ|ﬂ?§ﬂ¢ﬁﬁer8@%§tﬁeﬁ\ferfs&st8¥ ﬁﬁlufesgwinttfdu\f\%{ cgtpv.(tétzd') until

its catheter openi n

vent ri cul (340 Wéﬂ 3 V94V263) deliye catheted3®) aed HRUShInGEIt ¢ B ageide Wirrd34) e Qyidai ng

sai d 1&nc h!athefé 192 omterecnfsatjhetr@@tdwn@ds mnaaualn@ga«t Btrbucer catheder(126) A1d perdtury
ti ssue an i nside said nmuscul ar tissue, and thereby

anc
creati ng c‘@?%"aéﬁyéﬁ f‘fﬁd%ﬁ' "& pul l'ing and pushing unit (73), and
retracting thellt&em'ilw:@tdygudawlf%(ﬂ@r indadidyaschiargystemivia said introducer catB&er, The met hod

of cl ai mR3digating FrRJubiShe dastii@O Ghd 18 ﬁ’eaﬂ@ a Ry swsrtssﬂm]g( shilidb eatheler Bl r 2l
val ve annul Us. anchor (110) over the pulling and pushing unit (73) until the

anchor (1Sf@)9“'ﬂ?ttﬂ'”?ts arms (112) are 15adjacent to the mitral valve annul us,
and wen in posgrdvidingian arebar acit (72)gt 4 Histalead bietid pushihg 4dit, Direducindsaidatistahedtdan  ( 78)

unti | outf%p&?sé}a ?Jsh'i Lﬁﬁ\tldt@{]btd’deﬁ\}ebﬁz hE'tgr %‘O’)T%né 112) and their attachnents

hooks (114) t val've”annul us and dig into the tissue.
36, The et hod 20F eéer"a?aaﬂ dghiverygainefet (i 3 hasrrsmalies Rutergliamedsr fhan an inggr diameteof3) and
t he cat hetheguiding@hther (h22), anglbhyitadichllpinbirghedgliieatetbOn tdiguide vBhé&terd 1225, 9y
source ( 804}) .
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



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
| arge vein as the subclavian vein (3), and optionally attaching the energy
source to a bony structure, such as the clavicle. 25 38. The

met hod of claim 29, wherein said nethodlconprises providing surgical access
to the mtral valve, the mtral valve annulus and the left ventricle

i ncludi ng surgically opening the chest of a human being and establi shing
extra corgledaneiad a guidecwiledt24p and &€iGhe guiderwim iauahaiig angyide bathdierds the righbatadn {#4),f r om
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aplex Or sall gaidé edtiefr (122)mdithe g@ﬂéﬁféﬂjﬂ@toﬁhél@ﬁ:?ﬂdwl@ﬂﬁcﬁ@h thﬁlﬁmttalh \taWeE‘rwtomtralf
val ve _.an two anchors to each other y neans o
a conr?ecgﬁér]&?\(?ﬁ%ﬁ%lgfﬂ&ﬁﬁé%%g{aiﬁband i ncrease the | ength between the
anchors, and atd@otingryelitesy sysem €@6) ferana@nsher uné (i2) inddetheguidesaigsternavece; or
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enhance NWtra cardiac blood circulation of a heart of a 10patient by
assisting left ventricular punp action, said device having a displacement
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punp act iroitial sdivesaandusaag dig into the tissue. 42, The net hod of claim40 or 41,
conprising detecting the natural action of the heart, such as by neasuring
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37. The method of claim 35, comprising positioning said remote energy source (84) in fatty
tissue under the skin, adjacent to a vessel, such as a large vein as the subclavian vein (3), and
optionally attaching the energy source to a bony structure, such as the clavicle.

25
38. The method of claim 28, 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



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 valve replacenent valve for said novenent. 2544. The nmethod of claim
43, wherein said replacenent valve is nounted in a housing, and noving said
heart val ve up and down in said housingyrelative to a mtral valve annul us
attachnent. 45. The nethod of clains 29 to 44, wherein said nedica
device is a device according to any of clains 1 to 27. 30 46. A

system for per raReR§ Ih¥ mRrahaRe bigh drfiicial VARESENigLHsBbth Métrd] WMelah@the Ritraf hear t
of a pati entll?saﬁsnai?d system conprising a displacenment unit for controlled

assi st ed 'Y 41 ve novenent synchroni zed with a cardiac cycle of said
heart substantially along a long axis of a left ventricle of said heart,
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said medical device for controllably assisting movement of a mitral valve in a mitral valve plane

substantially along a long axis of a left ventricle of said heart by said displacement unit, wherein said

controllably moving comprises moving a mitral valve in said heart in an assisted reciprocating

movement during systole towards an apex of said heart and during diastole away from said apex for

15  assisting said pump action of said heart.

42. The method of claim 40 or 41, comprising detecting the natural action of the heart, such as
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.
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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.
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47. A computer-readable medium having embodied thereon a computer program for
processing by a computer for permanently enhancing left ventricular pump function of a heart of a
patient, said computer program comprising a code segment for synchronizing assisted mitral valve
movement with a cardiac cycle of said heart.



