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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
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
25  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
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. 40 000 in the
30  USarein 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.
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
35  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.
There are other techniques supporting only the failing left ventricle, known as left ventricle
assist devices (LVAD). The most popular LVADs are the Novacor and the HeartMate devices. Common
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Embodiments of the invention take advantage of an improved understanding of left ventricular
pump action and the close relationship between the Coronary Sinus (CS), the Great Cardiac Vein
(GCV) and the Mitral valve (MV). Embodiments of the invention are providing movement of the CS and
the GCV and thereby the MV along the long axis of the left ventricle (LV) towards and/or away from the
30 heart apex, in synchrony with the cardiac cycle. In some embodiments energy is provided for this
assisting movement. The here described embodiments of permanent implants do not take over or
replace the remaining left ventricular pump function, they rather augment, improve, enhance or support
the remaining natural pump function by means of an at least partly increased up and/or down movement
of the mitral valve that works as a blood displacement or propulsion piston, when it is closed during the
35  systole.
The here presented innovation is based on recent understanding of how the left ventricle
functions and also on utilizing an undiscovered favourable anatomy of the left heart. Modern catheter
based technology is integrated in embodiments of the here described device, system and methods.
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The major part of the CS and part of the GCV is located on the left atrial side of the mitral
valve annulus. This is the part of the LA wall that stretches in a healthy heart when the MV is moving
down towards the apex. The GCV then crosses the MV plane and annulus towards the LV side and join
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assisted during systole, the (still existing) natural pumping force of the heart is augmented while ejecting
35  blood into the aorta. When the mitral valve movement away from the apex is at least partly assisted
during diastole, the natural filling of the left ventricle of the heart is supported. Thus the (still existing)
natural pumping function of the heart is augmented by an improved filling degree. The force generating
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uni t may be  pe it may provide a package to a surgeon who is about to introduce an enhancement
system into a patient. Thus the kit provides both implants that may be used for permanently treating the
30  patientand a delivery system which may be used for inserting the implants. The enhancing unit may be
mounted in the delivery system for storage, while the energy source may be packaged separately for
connection during surgery. The kit may further comprise a guide wire for guiding insertion of the delivery
system to the desired positions through the vascular system of a patient. The delivery system may also
comprise a guiding catheter which is arranged to be pushed over the guide wire to the desired position.
35  Also an introducing catheter for establishing access to the vascular system through energy source
pocket is part of the kit. A valve that is prohibiting blood backflow but still allows a guide wire or a guiding
catheter to pass through is included in the introducing catheter.
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35 The method comprises transfer of external energy to the enhancement unit in the coronary

sinus and the great cardiac vein in order to move the mitral valve up and down along an axis from the
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the medical system in the patient.
The procedure may include providing a delivery system, such as the aforementioned kit for
minimally invasively delivering the medical device in the patient, and minimally invasively delivering the
30  force generating unit of the medical system in the patient by means of the delivery system, delivering
the energy source, and connecting the energy source and the force generating unit.
The procedure may comprise using a delivery system that includes an introducer catheter with
a valve, a guiding catheter and a guide wire, and introducing the introducer catheter at a puncture site
into the vascular system of the patient, inserting the guide wire into the vascular system via the
35 introducer catheter, navigating through the vasculature and the heart to a desired site, inserting the
guiding catheter over the guide wire, withdrawing the guide wire, through the guide catheter delivering a
first anchor unit at a distance from the mitral valve and delivering a second anchor unit at a mitral valve.
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Figs. 5-9 are schematic illustrations depict schematic how the here presented invention may
augment the mitral valve movement utilizing different embodiments.
Figs 10-12 are schematic illustrations that describe different embodiments utilizing pulling and
pushing forces in order to augment the mitral valve movement.
30 Figs. 13-16 are schematic illustrations that describe different embodiments utilizing rotation
forces in order to augment the mitral valve movement.
Fig. 17 is a schematic illustration that shows a remote energy source.
Figs. 18-20 are schematic illustrations that show a delivery system.
Figs. 21-24 are schematic illustrations that explain a method of delivering an augmentation
35  system.
Fig. 25 is a flowchart of the method.
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is £he @B hesttiagrdemctédsin Fige1bCH kithestfepaMena Cava (VENHR s theyGreat Cardiaic Yéie CS i s
behind (Gov) 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, 26 is the apex of the left
ventricle. 28 is the aortic valve, 30 the aorta ascendens, 32 the inter-ventricular muscular septum, 34
25 the left ventricular cavity and 36 the right ventricular cavity. 38 is the right ventricular muscular wall and
40 is the tricuspid valve.
Fig. 1b and 2a show a schematic view of a heart, depicting the vein system, wherein reference
numeral 42 is the anterior inter-ventricular vein, and 44 are lateral wall veins, side branches in the
outside wall of the LV, 46 is the posterior descending vein. These side branch veins are also often
30  referred to as the left marginal vein, the posterior veins of the left ventricle or the middle cardiac vein.
However, they are all side branches of the CS or the GCV whatever they are called in the literature.
In Fig. 2b. the mitral valve plane 48 is shown in relation to the vein system and the LV long
axis 49, which is close to perpendicular to the MV valve plane 48.
Fig.3 is a schematic view of the movements in systole of the mitral valve plane 48 in relation to
35  the LV apex 26, the GCV 12 (and CS) 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. The large arrow x
shows the direction of the blood flow and the small arrow y illustrates the direction of movement of the
MV plane 48, the GCV and the CS until the end systole position is reached (‘down” position). In the
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30 indiastole of the mitral valve plane 48 in relation to the LV apex 26, the GCV 12 (and CS) 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 an augmented heart beat, the pulling and pushing unit 54 forces, powered by means of
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next heart beat. Hence, even during diastole the cardiac assist is provided. The large arrow x shows the
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addition may be a retention unit 79 that locks the
remoté energy source 84 end), as shown in position b in Fig. 13, the loop 55 flexes towards the LA 14,
30  moving the CS and the GCV also in this direction. Since the CS and the GCV are so closely related to
the MV, such a backwards movements in relation to the LV apex will augment the normal upwards
movement of the MV in diastole if the clockwise rotation is done in diastole.
In analogy to this, a counter-clockwise rotation in systole will augment the downwards
movement of the closed MV (piston) in systole, as depicted in Fig. 13, position ¢).
35 In Fig. 14 itis also illustrated that there in addition may be a retention unit 79 that locks the
extension unit 54 longitudinally to stay at the location of the proximal anchor unit 75. The retention unit
may be a tube or loops located in the anchors allowing the extension 54 to rotate, but will prohibit axial

movements in order to prevent dislocation of the extension units 54 and 55. Extension units 54 and 55
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the lateral LV wall is augmented relative to the intra-ventricular septum. The direction of the LV lateral
wall movement, here related to the pulling and pushing in addition to the rotation, is controlled, e.g.
based on ECG detection, and in synchronisation with the cardiac cycle. A control unit operatively
30  connected to implement the control is provided, as described in an example below. The control unit may
be implemented in the remote energy source unit 84. The coronary sinus implant of embodiments may
thus be adjusted during at least a portion of a single cardiac cycle. Adjustment is made instantaneously
upon actuation. In alternative embodiments, the short axis support actuation may be made based on
other units and actuating principles, including electric or magnetic actuators, etc. In addition, the medical
35  device may have a plurality of sections which are individually adjustable in length by an actuating unit,
controlled by said control unit arranged to controllably change said shape of said sections individually.

For instance, embodiments of the device may comprise anchoring units between each of said plurality
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35  unit 54 that is extending all the way to the distal anchor position. Alternatively, or in addition, the
mechanical section 90 may contain other actuators. For instance one or more strong electromagnets
may be provided in an actuator that alternately are able to provide pulling and pushing force to wire
connecting unit 54 that is extending all the way to the distal anchor position.
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access. A guide wire 102 is advanced through the introducer catheter 100 to the right atrium 4. By
means of a guiding catheter 106 access to the coronary sinus is obtained via the RA and the guide wire
is guided to the appropriate side branch of the coronary sinus venous system in step 810. Fig. 21a
illustrates the advancement of a guide wire 102 into a desired side branch 44 by means of the guiding
30  catheter 106.
In step 820, as illustrated in Fig. 21b, the distal anchor 72 is released by means of the delivery
catheter 108 in the side branch 44.
In step 830, as shown in Fig. 22, the proximal anchor 76 is positioned at the opening of the
side branch.
35 In Fig 23 the positioning of a mini motor 70 by means of the delivery catheter 108 is shown.
Finally, as shown in Figs. 24a and b, the positioning of a rotation device is depicted. In Fig.
24a, itis shown how the guide wire is advanced into the anterior inter-ventricular vein 42 by means of
the guide wire 102 and the guide catheter 106. In Fig. 24b both anchors are depicted in place, showing
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are incorporated herein by reference in their entirety for all purposes. This co-pending application
discloses devices and methods to intra-cardially move the mitral plane for augmenting the left

25  ventricular pumping effect. Embodiments of the present disclosure may be combined with embodiments
of the co-pending application. For instance an annuloplasty ring may me provided as a mitral valve intra-
atrial or intra-ventricular anchor unit with a CS anchor unit or driving unit as described above. Prosthetic
MV may be provided in combination with CS anchor unit or driving unit, etc. The MV plane may
advantageously be well mechanically and stable be provided and moved more efficiently.

30 The present invention has been described above with reference to specific embodiments.
However, other embodiments than the above described are equally possible within the scope of the
invention. Different method steps or a different order than those described above may be provided
within the scope of the invention. The different features and steps of the invention may be combined in
other combinations than those described. Several actuating principles may be combined with each other

35  incertain embodiments, e.g. a linear actuator and magnetic driving. The scope of the invention is only
limited by the appended patent claims.
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conmmuni cation with said first anchor unit, wherein said force generating
unit is devised t ar
oump act i on Iﬁﬁh@dl@aﬁ’ﬂ?\ﬂ& a%a&?é @' ﬁﬁanéé’fntré‘é&rh.?é e c?r&!uaguthFe}he‘éﬁ’a 4 bt
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force for assisting said punp action of
sal d heart at vwhers@tsalgérstarych@rwuwheiymﬁl;a@te@re@elmwﬁldrfor@ﬁ Insyahlagmannerthatan 3. The

devi ce %gs&écﬁrhweﬁ}ent"d?%l@bd’r‘dlﬂe@se%rﬁi tﬁ&s%‘éldrmt{émﬁﬁm aFnitiHl %{\Pedgf%e%browded
control | ab or nat ur a ement of said mtral valve in said

su
assi sti My? E"r‘}‘g ?”&%%P@@B@B@ﬁ%@a'%ﬂ?qr%g systole towards said apex of said

heart and during diastole away from said apex for assisting said punp

Aher8in said AolBHEAE: fisbimbadeh sty iy SunBiedh SHEHR, By ve
aI ong a assigied meveimentaefiktendd substantiait alangladongtaxia nkthe led aentriate of adid heashwhetgins, f or
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ventricu nira-ve
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oper at i gy plﬁﬁé”ﬁm‘y‘fr@ﬂ shi@ apék byshigfated fordekBly s8I0 LIRS adtion bEARI Néart SN&Tsartly
therefromand to c {9 ably provide said assisting novenent in synchr ony
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7. The device of any of clains 1 to 6, wherein said first anchor unit has

claime 1 to. 7 TRAPUPROCRI 2 Bl Bl sssised mavement Spoldt AEHEROR "t o
5pr ovi dma@rad;mbwrﬁe@mf@alémltal vaé@mamld:@slsmmem@mwmamrdum| systole m\tarcb_nc hor
uni t anqagahek o?@édé'ﬁédrt%d Hﬁ'@b d?a%féle W&myﬂa EEﬁ’}%’x'écsr?rfeé%éfféth’a}g Saif AMPstibl G sigi t for

transferri ng sald force an prow i ng sal
25  heart.

4. The device of any of claims 1 to 3, wherein said movement includes a controlled movement
of the mitral valve along a short axis of a left ventricle, transversal to said long axis, for assisting a
natural inwards and outwards movement of a lateral left ventricular wall relative to an intra-ventricular
30  septum.

5. The device of any of claims 1 to 5, wherein said force generating unit is operatively
connected to an external energy source to receive energy therefrom and to controllably provide said
assisting movement in synchrony with the natural heart cycle.

35

6. The device of any of claims 1 to 5, wherein said first anchor unit has an expandable stent

structure for anchoring said anchor unit in said cardiac vessel.



9. The device of any of clains 1 to 8, said device having at |east one
second anchor unit adapted to be inplanted in said cardiac vessel, wherein
sai d secowd2anc¢heroounit when inplanted is 10arranged cl @SESER@10MB3DSt i um
of said CS than said first anchor unit;s 10. The device of claim9
wherein said at | east one second anchor unit (72) has an integrated
electrical notor and said force generating unit is said notor, said device
havi ng a connécfherﬁgviwd)ftany( ei4)aintset tndewhesein ehidrirsteanchon dnitteais dt [Bast ene tispieshor  f or
said co and wherein said force is provided by 15said notor.

11. The eV|ce o cIa|n19 wherein said at |east one second anchor unit has
a guiding unit for guiding a connecting unit fromsaid first anchor through

said second agctiardetite aran@@ftdaﬁﬁs 9 7U\Wlhére|n Eé?d%rceﬁb@eraim luﬁ.ﬁs@iﬁ acthahdgurd for
wherein said fi r?t anchor un| ed IP al d.. GCV or
Sl B A 1 s
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posi ti omed;mrmuntcbtmn@ﬁ a covanattimtonit foe trb@sidring said f@bmgiqu@ndmgtseldmoomenm t
connecting said first and second anchor units in a | oop shape and to be in
mechani cal conmuni cation, wherein said extension unit extends proxinally
beyond sai d s@cHhediesipeofany ofraims bod, seictdexier bavinget teastooe sacand amﬁ eranged to

rotate %aéﬂecﬁtétbéfﬁrﬁi Pediidid GRAVEEP IhéeH Ut sEtohnchiay Lﬂlt%ﬁerﬁ lafted gner elin

sai d device ferent operative positions upon rotation sal
ext &fsi GHangerd closer f-the,astiyg of said CS thap ggid firstanehBHNibf  sai d extenS| on unit in a
first direction a diastole operative position where said | oop shaped

ext ensi on uni t flexed to um and sai. and. nd
Chereby 1 he MPane Shssa oG iehiaaebbtst Bid oo Mgt Sull7 geSRanbamed | ve
posi t i orlegiical motar atd said farte genechtiegundrissammaton, $aid deviae savdrgreccodnecng und 1(64
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t owhp ds SeiH@&oloV apex. 13 The deV| ce of any of claims 1 to 6, wherein said
force generating unit is a magnetic unit for 35 providing said force as a

magnetical ly ced force, wherein said first anchar, unit netic,
and wherein séﬂtdfl]%PdP‘é(ie %ﬁ'@'ﬁ’tﬁ W prewn said @t least 8”%??9%3“%" LS r{asg,ggld‘ng Uﬁ@grnetl C

comuni gaidinga chmectinganiskemi sdin@ystSactdr theougle saidstcpridanchbr tgarsatudtingunitrent . WO
2011/ 119100PCT/ SE2011/ 050337 24 14. The device of claim 13, wherein

at | east one of said first anchor unit and said force generating unit are
el egfr onagnet 42. Thadevitesaf elaim Hwvhereasaid drstarshorsiait wherl implantetis gosiioned i saidr anged

to Chaan’J\Pé?llt?EidrﬁMuai% 2 mﬂﬁﬁﬁr&ﬁ'é’au&‘éég@q&&fcﬁor%ﬁf |9\/vﬂ§n F%)%h@d |s%§tlon£5‘ﬁmtﬁé3(°f$ce of

any of rern sail orce gener oned in
sai d he&fid devige hawigg aeelengatecxtensiait cennetng S@'éfﬁt Fyseean @th‘ph@It{S @fqloop

ventri cdhade afatd bedt mééiaﬁlcﬁ%érhmnléﬁhon 'Whérléfh sb@fektewéﬂihtdmt @kt@ndsbhﬁiﬂﬁally/l%ybﬁd cle,
right atrium or um, o entricul ar

| e
outer wafif sgond ancaowﬁha m%‘iha @P%O@Qit a”aé‘G%EQtr?tﬂ‘S Sﬁ'ﬂ F’Ete”SéO”HB itioned
renpte fsym:moaraedllwmaé tardisaeyble agherdin dalvedepies hasatiffdrantopetdtiee phstipis upgmotatibe

spi ne or 0. the pleura or under the skin. 10 16. The
devi ce 8 {/x?e%:sﬁnﬁ m%lua{ﬁ]qo 15, wherein said at |east one first anchor

unit is pOSI t |umrydtatlon af baid exiensioaupit igiariice di(eCB)n aadiaktade oferativdposijorewitere saidli ac
vei n (Glodh sRiped %ktgnslﬂfn%ﬂm% ﬂ!)%ﬁ?&/’/%&shﬁé BRbtribth afdédl O€aRd Gé‘\?%@fhe%@%( fhedipyi ce

conpri ses a second anc ani t I's positioned in said coronary sinus
(CS), t I3ee goveatowaEdsdiedelt tdym apdcy) or sai d branch vessel thereof.

30 a second operative position upon rotation of said extension unit in a second direction, opposite
said first direction, where said loop shaped extension unit is flexed towards the LV apex and said CS
and GCV and thereby the MV are moved towards the LV apex.

13. The device of any of claims 1 to 6, wherein said force generating unit is a magnetic unit for
35  providing said force as a magnetically induced force, and wherein said first anchor unit is magnetic, and
wherein said first anchor unit and said actuating unit are in magnetic communication for transferring said

force and providing said movement.



15 17. The device of any of clains 1 to 16, further conprising a
renote energy source (84), a control unit (88), and a sensor for neasuring
physi ol ogvoabipapsmnet ers rel ated to the cardi ac cycl e a®CirxsERo1/05397 di ng a
sensor signal, wherein said sensor sigpal is provided to said control unit
(88) which controls said force generating unit to provide said novenent by
energy fromsaid renote energy source 2 0(84) and based on said sensor

si gnal . 14. The devitesof dleini tSewhdrein btleast are, of vaie firel amcloa it andrseit éoremner gy
(i
2out e s smemSalinitls 3o\t Lk voss i Sy ey ot o

section chzmepelarﬁy@éwwhr%&w&mrwar@w%n i s sai d force generatl ng unit and

wherein said 25nption is transferred in operatl on of said mechani cal

section to sarg{rrst a chor]c % movenent of said mtral .valve
118 84

for sai
plane via an dxtdRIPEGE %HMO S110 ?4’W?‘ere'”1 Id TR 9%0e "&%U’Hfs ROBILiped {rsaid
wher ei n heat,dr insideod sidetrenahyof theuerneys(e&ﬂdn thesleft oerttrioolat wal dbyais heatt, oramthe Gt uni t
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units affixed sai ohe force
gener at isAig heart; or wihereimgpitiachating unitis pora@orreéaennote fram ﬁﬁrdamadeswaadatrﬂm/errent of

sai d m tpadargih, ‘ﬂ%d?d Afdim the spine or %Clc@ ﬁ'ﬁNéﬁ 'd@r'tﬁ@ skin, Wherei n said

device i's a non- po device, |n Sard orce generating unit is
aréSilient unit, and said first anchor uni t |ncludes a distal anchor (73)

unit and a pr QKIW@'de\ﬁ(E‘eCdﬁQﬁy ¢fBlalims(110)1 5, heRMORI dt Rastdhelfirsianaibd usiGypeitiossd d
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25 1o osr I'on respectively, such that the cardiac
mustbe force of the LV brlngs said | oop to said spring |oaded position, and

said resili e”t17ul'hbtde\ﬁ(§e$df§ﬁ)50f%@ln% 1Cté“‘l@“f@ﬁref%ﬁfbhﬁr%dzé)rfeﬁ@te@nerbiﬂ@odréé (B4), 4 he
ot her direc rds sa rel axngW osi.t ﬂ‘t?\“ ce of 'claim 20,

wher ei n CQ&fO Uf}' %ﬁr% RtSELRRr rrrsesuangr Qegica %@W?t‘dﬁﬁ'ﬁﬁe@a ASECYAR pl ane
posi ti omctisy pm@drhgnas@do@@aaln\ahererasaﬂd Ms@lsgna iglpovided asddid dntrol Snic@8)twiadh t he

cai d r osPYiRf B e SarBlonld Bt Bl BB BY B @&?%frgwate%ﬁ%bﬁr%r”de and

di ago ol i(84)fand basadjorbsaid sensdrnignalhe open MV up agai nst the bl ood stream
further in the direction of the LA or 1Owherein said resilient unit has a
rel axed position in said |ower MW plane position spring | oaded agai nst said
M/ pl ane up pd8i the gavicesal elaim Hawhereig saic remotaceneely SRS ( 541)%‘96151@@0'&?\“'0@'%0“90

brings %9’0 dhére eRatioRal bPfebndlios |stg'eﬁ’éiate@%ﬁd sberisRR hit (%ﬂl)textéﬁdlhg ?&ﬁbeﬁd s during
wedgﬁtn?e&ﬁﬂp%lssaefs:ﬁgs\&ﬁe?%b@ﬁ me%anlga? sectlonC is (S:é(l)l(? *orrc%cgeneratlng%m{ and whePelrr[ saed ¢l osed
25  motion is transferred in operation of said mechanical section to said first anchor unit for said movement
of said mitral valve plane via an extension unit (54).

19. The device of claim 17, wherein said remote energy source (84) is controlled by said
control unit to provide electrical energy
30 a) to one or more electromagnetical anchor units affixed in relation to said mitral valve, or
b) to at least one force generating unit arranged at or in the heart,
to provide said movement of said mitral valve plane.

20. The device of claim 1, wherein said device is a non-powered device, and wherein said
35  force generating unitis a resilient unit, and said first anchor unit includes a distal anchor (73) unit and a
proximal anchor unit (75) arranged in said CS and GCV or said branch vessel thereof, wherein said
resilient unit is a loop (55) connecting said distal and proximal anchor units, and wherein said resilient
unit has a relaxed position in one of an upper or lower MV plane position spring loaded against the other



1522. The device of claim20 or 21, wherein said resilient unit is |ocked
by an integrated bioresorbable material, such as PLLA, Polyvinyl or

Pol yl actiwp 20n/gomh a nanner that said spring | oaded ac®PCOSEL@E 1050331
initiated when the resorbable material ,has at |east partly been resorbed,
such that said device has a del ayed activation upon inplantation. 2023. The
device of any of clains 1 to 22, wherein said device is bistable, and

wher ei n lawvedbraspper N\¢plane positon respectivaly, suclsthatthe cardiatowsciedarca ofdhve Lofbringresaldy
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The deV|c wher el n sal evi ce conprises
control therather diggsiiompiguprdesaidislaredosiieni d f or ce generati ng un|t to pI’OVI de a
set sequence of said assisted novenents 25. The devi ce of claim 24,

wherein said r uni,t is co fi.gu o se requency, .and{ or peed,
And or o pause ! iMedevit Pt phasl S sl FitheR arerpasich i dsRoeth?
sequenc @lan@p&dtion Apriag toatied agamslrmide\m blsnestolva positiog, such thaighecdrdimomadele fored of
ventric I t |:S] Lan. . rt assi st
dovi ce. Sy BHREALOgH, S Byt by QAREL AL RSB AEREMRADHR |, 25

sui t abl @ssigling lhﬁgé{ rdtarsiqtgc flliap dy fesainigdine ehen Myeupiagainstdhedinadsiiean fudhardfithey a gui de
W re, ag gsdigh fdnhLatpeter, and an int roduci ng catheter. 35 WO

2011/ 119100PCT/ SE2011/ 050337 26 oviding a nedical systemincluding
sai 40medi cal dbYeRSaigresiigyt upk has @reﬂﬁéeqpqseslow sangov%wrp@ngpo%t@u,sgr@g( 84), and

rznsm rTrﬁl |I06déd13/g%$risl\/sa|034\ﬂ\d§lbne\wpo§lﬁorﬁmcﬁ tmmb@a’tdlaﬁwéxgﬁmlfmc@(ﬁltﬁé Lm/attnh@wa
e, ne e

sai 0 ) Vi d|

del 1 ver 5By PeH esiof B SAe S PoCasd Bl AuRghe s BRI st PREViSitRal
I nvasi vebnytradizniby éorcimgpthe elosbd idbdonaltovebeds theel V apegai d patient, and mininmal |y
invasively delivering said force generating unit of said nedical systemin
sai d patient bé nmeans of said delivery system delivering said energy
soutbe (84), dAdhedaviescalrlaig arad! ereretsaisisesiicat uniis leckpaby Bviclegrgieder at i ng
uni t.  1@joresorbable material, such as PLLA, Polyvinyl or Polylactid, in such a manner that said spring loaded

action is first initiated when the resorbable material has at least partly been resorbed, such that said

device has a delayed activation upon implantation.

20 23. The device of any of claims 1 to 22, wherein said device is bistable, and wherein a
diastolic up position and a systolic down position of the MV plane are provided as equilibrium states of
the device.

24. The device of any of claims 1 to 23, wherein said device comprises a control unit (88)
25 which controls said force generating unit to provide a set sequence of said assisted movements.

25. The device of claim 24, wherein said control unit is configured to set a frequency, and/or a
speed, and/or a pause time duration of said assisting movements in said set sequence.

30 26. A kit for permanently enhancing or augmenting the left ventricular pump function of a heart
comprising
an implantable heart assist device according to any of claims 1 to 25, and
a delivery system suitable for inserting said assist device into a patient including a guide wire,
a guiding catheter, and an introducing catheter.
35
27. A medical procedure 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 method comprising



29. The nethod of claim 27, wherein said delivery systemincludes an

i ntroducer catheter (120) with a valve, a guiding catheter (122) and a

gui de wi reoQap4i910and wherei n said nmet hod conpri ses i nt PodsERMNg/0SEB3M
introducer catheter (120) at a puncturggsite into the vascular system of
said patient, inserting said guide wire (124) into said vascular systemvia
sai d |ntroducer cat heter, 15navigating through the vascul ature and the
heart to a de@fm@higsimeelcalismst@ntricluq;'n@a?idjmgﬁttadjﬁev@eobaﬂy@f@aimwm19§—mﬁdngui de
wire, Wwg bAR WL E delivering a
first an@ﬁ@( uni g&gadngrrg’{i'rg?fzHﬁ(ﬁi‘/géfe;l_yﬁgﬁ%eﬂﬁ?&&ﬁéd?ca?%@ﬁu@?%&é tl\@/r‘(iat” ng a second
anchor unit at said mtral valve in a coronary sinus or a great cardi ac

vein. 2030. Azaenha%trfo@bfmwmﬁémamh@tﬁwwapnsasb@vu@ﬂgduam«eﬁyls?gan such
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for an &%siegnsal saitdeliveryisystam, dalivarineeidrenergy sauee<®), and gonnacing saitl dnewyt r al

val ve i g in a direction to and/or froman apex of said
heart. Soffedirid s%'dééf?é gl'eﬁeﬂ%hﬁlﬁ"td of claim 30, wherein said assisted npvenment
is &Bntrollably nmoving said nmitral valve in a mtral valve plane
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orce.
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bl ood pres ur e, wave, @g% | ow, or acoustic S|g said heart, and
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sai d m tsihas oneadryt cartiasydgiehrony with the natural heart cycle, thereby
enhanci ng the natural up and down novenent of a mtral valve during a heart
cycle. 34. The nethod of any of clains 30 to 33, inserting a fist anchor
uni 20of an i m30.anmeihddfohzeamanestiysanhancingéntiaccardiac dloodicircglation chaheasfof alpafiens 1 to
19 'ntob?%ééi’stlﬁ@%ﬂ()@{tr)éulﬁfﬂ}r‘rﬁ)ﬁw g ﬁ\?th rié’ ns and tissue, and arrangi ng

said fo ratrng unit posi of said anchor unit such
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25  cardiac vessel and thus said mitral valve in a mitral valve plane in a direction to and/or from an apex of
said heart.

31. The method of claim 30, wherein said assisted movement is controllably moving said
mitral valve in a mitral valve plane substantially along a long axis of a left ventricle of said heart by said
30  force.

32. The method of claim 29, wherein said controllably moving comprises moving said mitral
valve in said heart 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.

35

33. The method of any of claims 30 to 32, wherein said generating a force in dependence of a
cardiac cycle of said heart includes detecting the natural action of the heart, such as by measuring an
electrocardiogram, a blood pressure wave, a blood flow, or acoustic signals of said heart, and providing



coronary sinus of the heart adjacent the mtral valve annulus, and includes
an expandabl e di stal anchoring unit, an expandabl e proximal anchoring unit,
a connectworrouniiproext endi ng from sai d proxi mal anchori n@CusER0110563T d
distal anchoring unit, and an actuating-unit arranged to controllably
change a length of said connection unit after inplantation, said nethod
conprising: 1 5inserting said device at |east partly into the coronary
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or outsi e coronary sinus expandi ng and anchoring the
expandabl e proxinmal and distal anchors actuating said 2 Oactuating unit
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expanding and anchoring said expandable distal anchor in the coronary sinus;

expanding and anchoring said expandable proximal anchor in or outside of the coronary sinus;
and

after expanding and anchoring the expandable proximal and distal anchors actuating said

20  actuating unit causing the connection unit to change in said length to provide a controlled movement of

the mitral valve along a short axis of said left ventricle, transversal to said long axis, for assisting a
natural inwards and outwards movement of a lateral left ventricular wall relative to an inter-ventricular
septum.

25 36. The method of claim 35, wherein said change of length is made during a single cardiac
cycle.

37. A computer-readable medium having embodied thereon a computer program for
processing by a computer, said computer program comprising code segments for controlling a medical
30  device for permanently enhancing intra-cardiac blood circulation of a heart of a patient by assisting left
ventricular pump action, wherein a code segment is provided for controlling a force generating unit to
generate a force in dependence of a cardiac cycle of said heart for applying said force to an implant in a
cardiac vessel proximity to and in tissue connection with a mitral valve of said heart for an assisted
movement of said cardiac vessel and thus said mitral valve in a mitral valve plane in a direction to
35  and/or from an apex of said heart.



