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Field of the Invention
10 The present invention relates to an intra-vascular blood circulation enhancing apparatus, a

system for intra-vascular blood circulation enhancement and a method for enhancing left ventricular

pump function of a patient. The present invention may specifically be used to enhance the pump

function of the left ventricle as a permanent measure for treating a heart failure disease where the heart

function is deficient.

15
Background of the Invention
Where the heart function is chronically insufficient, there may be a need to permanently aid
the heart function. Heart failure (HF), more often called Congestive Heart Failure (CHF), is in general a
condition where the heart, is unable to support the body tissue with its metabolic demands and to

20  sustain 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 celis 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. 40 000 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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searching for ighaeds S inertior tile TRERAFEDS an improved understanding of left ventricular

30  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
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

35  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
systole.
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30  along the long axis of the left ventricle may be supported. By actively moving, or supporting a still
existing natural cardiac movement of, the CS and the GCV downwards towards the apex one
simultaneously can move the mitral valve in the same direction.
The Coronary Sinus and the Great Cardiac Vein represent the large veins of the heart. The
arterial blood of the heart passes the capillaries (the smallest vessels of the heart) and then enters the
35  venous plexus in the heart tissue wall. Then the venous blood flows together into veins located on the
heart surface. Distally the cardiac veins are small but unite together into larger and larger veins before
flowing into the GCV and the CS. All the venous blood from the heart pours into the CS and then flows
through the coronary sinus ostium (orifice) into the Right Atrium (RA) on the right side of the heart.
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By means of the applied force, the mitral valve is during systole assisted to move the mitral
valve plane along the long axis of the left ventricle (LV) towards an apex of the heart and/or during
diastole assisted to move the mitral valve plane away from the apex by the force for assisting the pump

35  action of the heart. The assisted movement is provided in a controlled manner to support a natural
movement of the mitral valve. When the mitral valve movement towards the apex is at least partly
assisted during systole, the (still existing) natural pumping force of the heart is augmented while ejecting
blood into the aorta. When the mitral valve movement away from the apex is at least partly assisted
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treating failure of a left ventricle in a patient. The method comprises inserting a left ventricular

enhancement system into the coronary sinus and adjacent veins and tissue and arranging the

35  enhancement unit in desired positions such that the enhancement unit may be connected to energy

source means.



The generating of a force in dependence of a cardiac cycle of the heart may
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t he car d| ac andrigerfi-tab sehematctilustetonsidapict achematimhow thediere presented invention may

augment the mitral valve movement utilizing different embodiments.
30 Figs 10-12 are schematic illustrations that describe different embodiments utilizing pulling and
pushing forces in order to augment the mitral valve movement.
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.
35 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

system.



Figs. 2a and 2b are schematic illustrations of the anatony of the cardiac
vein systemincluding the coronary sinus, the great cardiac vein and the
side branches as well as the level of the mtral valve 25plane in relation
to the left ventricular axis. Figs. 3 and 4 are schematic

il lustrations that explain the nornal nﬁ;enent of the vein systemof the
heart and the mtral valve during a notfal cardi ac cycle. Figs. 5-9
are schematic illustrations depict schematic how t he here presented

I nvention nay #iggkeinh fldieRaroftheadethodl ve novenment utilizing different

enbodi ments. 30Figs 10-12 are schematic illustrations that describe
different enbodiments utilizing pulling and pushing forces in order to
augnent the ni tDeagrition ofembodiaentst . Figs. 13-16 are schematic
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the heart 15 in synchrony wth %Qe gardiac c . The here descri bed
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Fi gures, 1% heart q.¢dericted infig. db 03mihesfsriertVenaicava IV G 1 i e Gogat Eardianialt t 1 of
(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
25  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
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
30  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
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
35  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
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



20whi ch at | east sonme are involved in enbodiments of the invention. 2 is
the Superior Vena Cava (SVC), 4 is the right atrium (RA), 6 is the CS :
ostium 8 is the CS first part, the remaining part of the CS is behind the
heart, e.g. depicted in Fig. 1b. 10 is the Inferior Vena Cava (1VC, 12 is
the G eat Cardiac Vein (GCV) at the level of the M/ annulus 18. 14 is the
Left Atriumcavity (LA), 16 is the LA wall, 18 is the nitral valve annul us,
19 the whole mtral valve, 20 is the anterior leaflet and 21 is the
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anterlor 20 and posterior 21 Iea ets 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
35  an remote or external power unit 84 (not shown) the two anchor units away from each other. As the
anchors are fixed to the tissue where they are anchored, the tissue structure is moved with the anchor
unit(s). The anchor unit(s) are thereby augmenting the force and extent of the upwards movement of the
mitral valve 19 towards the LA. Thereby the device is enhancing the diastolic filling of the LV before the



| eafl ets, the WV annulus 18, the aortic valve 28, the LA wall 16 and the LA
cavity 14 during an augnented or assisted heart beat. The pulling and
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30Fig.8 is a schematic view of the same enbodinment as in Fig. 7 in
diastole. The first anchor unit 56 is located in the CS 8 and/or the GCV
12. The second anchor unit 58 is |ocated renote fromthe first anchor unit
56. Here, the second anchor unit is |ocated inside a side branch of the
vein systemon the LV wall 22. Alternatively, or in addition, it may be
attached to the LV outer wall. The twolénchors are magnets, preferably
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14 An anchor unit may for instance be provided in formof a stent.
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35  long term use of the device.
The Figs. 12a and 12b show examples of configurations described in Figs. 7, 8 and 9 where
electromagnets are used as anchors. Different combinations of electromagnets and classical permanent

magnets will not be described in separate figures as they would be apparent for the skilled person when



reading the present application. In Fig. 12a the first anchor is located in
a side branch 44 fromthe CS or the GCV and in Fig. 12b in the anterior
inter-ventricular vein (AV). Still another enbodi nent of the
innovation is depicted in the figures 13, 14, 15 and 16. Instead of pulling
and pushing the extension 54, the nechanlcal force is instead transferred
by nmeans of rotation 5of the extension 1%nit 54. Now the distal anchor 73 of
the device is not located in a side branch. Instead, it is placed in the
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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.
35 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 c).
In Fig. 14 it is 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 | oops located in the anchors allowi ng the extension 54 to
rotate, but will prohibit axial novenents in order to prevent dislocation
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S5Here the extension unit 55 is inserted and detached in the CS and the GCV
or inthe AIV. Preferably the extension 55 in this enbodi nent has fix
attachnments to the distal and proxi mal anchor units 73, 75. The cardi ac
assist device is provided as a resilient unit. In this enbodiment, the
cardi ac assist device is provided in a ﬁelaxed position in the M pl ane up
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35  energy from an energy source and based on the sensor signal. The cardiac assist device operation is
thus controlled in synchronicity with the heart action. The sensor may be an ECG electrode or in
addition or alternatively be based on detecting other physiological parameters related to the cardiac
activity, such as a blood pressure wave, blood flow patterns, or acoustic signals of the cardiac activity.
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The renote energy source may have a rechargeable battery that is charged by
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apparent to the skilled person when reading the present disclosure.

The Figs. 21 - 25 illustrate the nethod 800 of inserting a cardiac assi st
system for pernmanent heart function augnentation. The skin is penetrated
and an introducer catheter 100 with a valve (not shown) is introduced
25into a large vein, e.g. the subclavian vein 3, in step 800. Any other
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cycle of the erﬂe skin is penetrated and an introducer catheter 100 with a valve (not shown) is introduced

25 into alarge vein, e.g. the subclavian vein 3, in step 800. Any other large enough vein may be used for
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
ilustrates 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, it is 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



Concurrently filed patent application titled "A DEVICE AND A METHOD FOR
AUGVENTI NG 20HEART FUNCTION' claimng priority to U S. Provisional
Application Serial No. 61/317,631 filed March 25, 2010, and Swedi sh
application Serial No. SE1050283-9 filed March 25, 2010, both entitled
Device and a Method for Augnenting HeaEL Function of the sane applicant as
the present application, which all are“incorporated herein by reference in
their entirety for all purposes. This co-pending application discloses
devi ces ahelloopeishAnsdditional guideawire arag bahdcymmaated tH@ughva bepatatgdlirmenet 14 ¢n Figuadnent i ng
the left 25ventricul ar punping effect. Enbodi nents of the present

di scl osure may be conbi ned with enbodi nents of the co-pendi ng application.
For instance an H#R#0RA%1asent {p the skig PHWFQ@GBPWM%'SQ@N%PWW% skipdn the

ijn't raat rifaty tbsueiiﬁﬂrd@fq/&aimmddutbarrergf@é]ﬁl;?y duirde I\f/;vtvi(rtdns,h@wﬁ;.an@t@p bgﬂ, (thé_I@hérg)OF

rivi u e | apove. Prostnetl.c .De_pro ed In

conbi mat | SHee P EEG R X o MR g o BRsE B B ke e vy
advant agedslivering meshenidal enaigy odhe eaediacyassigh device inside the gegatr ovi ded and noved nore
ef;I ci entl%/- B@Fw?wﬁﬁﬂéghw@tylaﬁéﬁg&ﬁ%]elé%@ﬁstio@l@ﬁimi@&@hs@%}/l@wgwatnb ]

ref erence i fic enmbodi nents. ver., ot her enpodi. .S e
Lbove. desprBal i emls ST SolBRL o FED HiCh fkhe e BB VAR SeRA e 1B

Di f f er entremete houlgysbepshasia uait dideted tematuat abtion dfhheart, bodasalesani bed above may
be prigyvi dgelimiatdlgfim 880G R8ure lvalelScolidhl ik aLfity, SPffoo b, Gh& Rinole@Alyy €S and
steps of the invéntion may be conbined I n ot her conbinations than“those
descr i bedPurge{fay |ys %{%"ﬂqﬁz‘ff‘%/' forsihe digtanse ehangmaletunen the A FERPTAD BRIVt theer
35i n cer tratunal bedotagdleytheteby erdamringhel natneshinp and dovat reovement ofmgitraltvalee dlrinyda ng.  The
scope of ﬁelaﬁc);c%yenti onis only limted by the appended patent clains. 22

CLAI M5 A nedi cal device adapted to enhance intra-cardiac bl ood
circulation of a heart of a patient by permanently assisting |eft

vent riiscul ar pumn@wiimovidﬁafodpdmydeﬁﬂijéhﬁaﬁciﬁ?leﬁ?éntrlcﬁlaﬁdumpmﬁctfoh6ﬁéhe§ﬁ6ﬂwr uni t
0

adapted tQ.. i nmpl.ant in Lac, vess said heart jn proxjmty to a
el vt e ek Bpfied a2l BB e nield e DET st BB Ay e
cor onar y ®&@idingsyole@sihe hedik great cardiac vein (GCV) the anterior
interventricular vein (AlV), or a branch vessel thereof, a force

generating unit, adapte 0 be i 0 J i i aj I r har unit,
wherein said f &OE%‘"E’};“Mg'PéPqtﬂEaWﬂqaﬁoﬁq@gﬁéﬁ%yﬁn @'\m é&ﬁi‘?@gggg Aﬁéy@&?l{@r
assi A0 NGHEARTAEUNETIONY elaitning padrigyrto PiSnProeisioriabAppiicatidh(Bie éo c1/8d €685 filedl Magohdi ac
cycle of dfsaktﬁ 0,%@§%edi§%§9?ncation Seriai¢ %E'ldsofs%'-gdﬁlefd'n\ﬁaﬁ&] 2870 both! Bhhied S Re
i mpl anted feceives sald force In such a manner that an assisted novenent of
sai d car di"d@ Mpthed for Agamenting ligaré Biyngtioniof theysameaapplisant as the piesansapplicalianewhithealle i s
gr oVi dedfdrmin@qrﬂirﬁ&iﬂteie@fby?rﬁer@ﬁb_@ﬁrﬂhgiff entraty 01 alReposes. TisidocheRd@y dppliciid. T_hg
evi ce of - . of. i : in sai
vessel . _aiofistdues NEREHY XN ool BRI Bbhe b TBNET BB, Sng e <
of tRe | efenlricuanpumringetient Bmbodmpriuefthe pitsent diselosyes rryde sorstined with embedimeatsve
novement df hefeh-Baridg dpplettibn) GorSivstned £h dnRulsphtiss riﬂ? inbyphe MBlided ab b AR JaRBmEsS an
apex of saglag hrﬁar t tan[j/ or, sai fj .6ssdﬁst eﬁj m.tt r a% val .ge (gov.geraent i é Béeg'\” ded
during di 3% ginrEvRnticyiaganghar oy with 2 (eangios falt of divnatipibah desiriped-abave- Brostastif
f orce forMamey ba previged iicdmipoatipn witht G anchdr usitdr drivirgani, etst Theddsplanpanay | y
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. -



20duri ng systol e and/ or di astole. 3. The device of claim2, wherein
sai d assisted novenent is provided to controllably support a natural
novenent of said mitral valve in said assisting novenment reciprocating
during systole towards said apex of said heart and during diastole away
fromsaid apex for assisting said punp_action of said 25heart. 4.
The device of any of clains 1 to 3, whéfein said novement includes a
controll ed novenrent of the mtral valve along a short axis of a left
ventricle, transversal to said | ong &UAMS for assisting a natural inwards
and outwards novenent of a |ateral Ieft ventricular wal |l relative to an

e 61 1 Sal o 1 d B EMAT pRgiinrarge Bleratie ey RoRRRA et 5 AN or nal

wherein said f&r
ener gy sadymemnanently assistingdefieventrigar pumenr asfionosaidedesice aviopnt r ol | abl y provi de said

assi stg ng novenegist hiz fﬁs)(ﬁ‘rﬁ\cH(SrQJHlYadQPtE@totbQ‘?rnd‘ﬁﬁe'drrﬁé caﬂﬁ’&rvEssﬁ%%a?d hed®in 23

7. The devi ce sald. first anchor unit has
at | east RS%“”tYﬂ%%’U@%'élﬁ'&%M‘ﬁW@re%i WAt d venous cadiac vesgel inglding fhe foragy sinkhy  of
cl ai nms 1 (C8), the gwlabraaiiac veim{GCM) te aateripe menahiricutpr vein (AIV) Sor abraacht vesdel theyeaini t f or

Sprovi di ng sai ¢ ¢f0f {eﬁer@ﬁwﬁm%‘é?@ﬂo%@ﬁn cfoﬁ%hﬁr‘ﬁcan@rﬂﬂth‘@gﬁrﬂ%{ éﬁcﬁb"f‘hﬂt fbdrgt  anchor

unit and said actualin I'n conmuni étln? un|t f or
transfer rqaﬁdorg%ge@er\aq;\g@@t 'éﬁ%}”sﬁﬁ’ @@Pﬂﬁrﬂ@)a B’éﬁecﬁorﬁﬁﬁﬁéﬁ&ﬁﬂd 'eﬁ ventncular pump aglionhg

devi & Ofde@éMerﬁbfa ofd &irdige cwéﬁsﬁd héati a:hddew ce having at |east one second
anchor unit ad n Ves in said
second anchor %E?ﬂ\/\%&&e&mc'{ggmat ‘Jhgn 'mp%6t§€ g‘% ng‘?cgér}su?rba Enﬂ é? eim of
said CS tmﬁeemmmpntn&aldem@mNeseehatld thus said mitra w«e i aitrgleaive plansfis prpvidegh 9,

wherein ﬁﬁlb‘dlr@flonh@éﬁﬁorﬁ&ﬁ*aﬁﬁ{ﬁ?ﬂ@aﬁ'ﬂ@ﬁpr unit (72) has an integrated
electrical motor and said force generating unit is said notor, said device

havi ng a connecting unit (54) between said notor and said fi rst anchor for
sai d ISonmuni cat2i e, dedicecbf elier leiheraimsaitl first mnohori upit jsriropkantbeldn dayd veSsehandl sadt or .

11. The dé’s&kt%@m?\fem%nt%kt@ﬁo%’sum‘ﬁf a‘ﬁ%ﬁ\o@aa' 16hgis l)ﬁ?erslteft \%‘ﬂﬁml@ 9%@%9’(‘% Lipuni t has

a guiding unit q conhect’i ng uni t omsaid first anchor through
sai d secof?lf assierpitre da"@rf“%\’@’ﬂ‘%tsl PFPd'd%‘i’“t”“g ygipls in spidmivRl valvelane towrids AR o,

wher ei n  sapegoffshid aéarteund/bmaldlamlﬂteo\ldﬂmmlmphc&ah@tﬂ|slp8)vﬁ@c’5du‘rmg3dias¢bld imsaiduinittal GCV or
its cont '\%N@hfaﬁ)%awagg&nwt?%)%% x/?a?cf fgrﬁgﬁ%é@gtl agg’ Fgunépae{l}aén of |(WQ;%H af Igg%l ;f}amyed IS

positione I'ce havin enS| on uni
connét i rilyriagsysiole aRdiar digslele second anchor units in a | oop shape and to be in
mechani cal .conmuni cation, wherein said exten5|on unit extends proxinally

beyond sai d seco nchor, unjt to ctuat unit .arranged to
beyond sl 4 Secod aneOhah) bk Bl RONRN s BreeLHRAB b B0 SRRSO,
sai d devi ragirdi evedient ot saihmitralyelveain isaidagsistrigtniogersentioiprocaingduriogisystole dawaeils
ext ensi onsaiitoby of 5816 hesfliaR@during diastole away from said apex for assisting said pump action of said

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.



upon rotation of said extension unit in a first direction a diastole
operative position where said | oop shaped extension unit is flexed towards
the left atriumand said CS and GCV and thereby the W are noved towards
the left atrium and 30a second operative position upon rotation of said
extension unit in a second direction, opposite said first direction, where
said | oop shaped extension unit is er%gd towards the LV apex and said CS
and GCV and thereby the MV are noved towards the LV apex. 13. The device of
any of clainms I. The dévicewhetyai claidauil b & anaein gfestandhodunit Rastat iedst 3ndReRet i ¢ uni t
for 35 p 8%1%hﬂ§mﬁﬁ'd force as a magnetically induced force, and wherein
sai d flrs unit is magnetic, and wherein said first anchor unit and
said actuating unit are in nmagnetic conmuni cation for transferring said

force and pr 0V|8dT Hé@eﬁ@'é‘ dﬂam‘f’éﬁ\ﬁm to 7, ¥ferdift saidlbRe Q@\éiaﬁﬁg upht isGh abtmtidgunitaiter ei n
at |l east one.o irst._an

force era unit are
o1 ect PordNERS i e ah & MBMATER e, YRR spd Gt 1Y R PE MR AbED S Y aR, anged
t o changen gaminaunicatipn ivia asgmetting iyt fetitrahsfesrngdaid forabiand providihgsaidibeménhe devi ce of
any of clains 1 to 14, wherein said force generating unit is positioned in
said heart, or side a_ side branch of %Qe vein systemon the left
ventricul ar wal I fde‘é!%o(fia’?’(é’ figims &fo §, ppid gpice @qvtng@ggﬂqun&sgconq SRR Wiknt ri cl e,
ri ght at radeptedio bé implahied in saiti cardiae ebset aheteiheaid secomaranchor tititavhereintplantetisr i cul ar
out er; jwal f ting unit is positioned
rermté) frEJcr)rran edﬁgéﬁ?ggﬁfgs{%%@fﬁalasgﬂfah@ﬂéﬁljs%rn?@g ium the diaphragm the
spine or thoracic cage, in the pleura or under the skin. 10 16. The

deVIt ce of any ab. Tok aévice oficidird 9 Mherehai et Ieassoétse(teaind hm&tunmgﬁ) Hak éﬁﬁwt{egﬂéfébgr
ni | S coro in I N e rea rdl ac
Vel n (ot g R S RARRE Y Qi bSes B s O 2

conpr i sedetvesrsaisoterraotheaid fiigiianchpiiertsaid sopowiidatiapnand whereis ahid fosasriopiemided 8y nus
(CS) 15t heszpme@r, cardi ac vein (GCV) or said branch vessel thereof. 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 ogi cal
paraneters rel d1.dtle tevice tclai B diteeincspidlableast orievsetond pmoboriudit hey aggulap stforsi gnal |

wher ei n Sg%|dﬂ %&ﬁ@étln%hrgtrfr%h\ shid fildl éﬁ!ﬁo‘#ﬁ%ugpsaﬁﬂ gonﬁ‘aﬁ'éhﬁp(!) ah'EHtL}atu(ggﬁl)t. whi ch

controls sal force generating unit row sal d novenent by energy from
said renpte energy source 20(84) and based on said sensor signal.
18. The devi Ce1DfTh€Haﬁlcﬁbﬂ&alm@Mfe&inmaﬁaisdaﬁcmﬁlﬁwr%n&mgmﬁteﬂWOghbnéBlﬂ)salhlaS a

mechani CaéC\lscﬁ(ﬁg l:o[(?\ﬁ l%ﬁci?\) anmérgm '3 B ?&c‘or?dﬂ'aq\ ho%m |§ ﬂﬁeﬂﬁm%ﬁéd?ﬁwﬁor@g Pﬁ’ﬁeaése d, and

an extension uni wherei'n said
nmechani cRidglevdee h@wnq &) edonpate @’6‘?"@'@“ @fétmemrmtmgaldmsttan@momcf@r witg iadoop5 ot i on

i's transtﬂé;{e%ﬂd tdbecnpﬁéommdancom‘muﬁ@anen rm@remm@a)lterﬁ@@nmmteﬁ@ p&?dncén)f befySrid a?chor
ext ensi on uni

unit for i nt. o

(B "o SRS AR et Tty el R Bah BT ooy o our ce
(84) 25s cymrhropizécawithittye ogeliad cyslsnwivendin said deviceohas diferectopeshtive positiosd upemetaign 30a)
to one orofgg;u&tegg,@,pﬁrnqmm tical anchor units affl xed in relation to said

mtral val ve, unjt arranged at or in
the heart, upon rgtatlon o?sald ex?ensmn um? in a%rs?glregtlon a dlastol %perat,ve posEtlon where sa%

Ioop shaped extension unit is flexed towards the left atrium and said CS and GCV and thereby the MV
are moved towards the left atrium, and

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.



to provide said novenent of said mtral valve plane. 20. The devi ce
of claim1, wherein said device is a non-powered device, and wherein said
35force generating unit is aresilient unit, and said first anchor unit

i ncludes a distal anchor (73) unit and a proxi mal anchor unit (75) arranged
in said CS and GCV or said branch vessel thereof, wherein said resilient
unit is a loop (55) connecting said di ¢¢al and proxi mal anchor units, and
wherein said resilient unit has a relaxed position in one of an upper or

| ower MV pl ane 1pOrhke dévive obddit N8 wheredatleay ericrnts Said fiie asdhbramit atbsalddswey or upper

M/ pl ane Sq%ﬂ?rht ng%ﬁtt :Srgélgc%ﬁt!adé\gtsyand@H&rpmtaggé&t 3ng%f re%cﬁ&n%”@t&lsgrr%ngéftﬁ of the

LV brings’sard posi sal ent unit
assi sts s@ﬁfwe@dﬂm @@Yﬂm@w\ﬂthfs@lﬂeﬁ iaf cyelpe LV in the ot her direction towards
said rel axed position. 521. The device of claim 20, wherein said resilient

it | t | i | paded
hga neysai 0w paReRsha stdits b 1SRE R EdPa it Bt Rte o
t he LV brheatyor nsifada $idedpancivofdtz vdindipsiem prothé eft ganfricalardvad afi sdid heas, bii iethe lefini t
assi sts duntifg rlgm%rﬁ'icﬁsﬁg‘ﬂl ﬁ%@orﬁﬁqétﬁtdu%fgé?@héa}{ df'b@ﬁ’nfe %lﬂ'véhtr chltar'dugangVof

forcing the o reamf ur rection of
the LA ofd i‘@gﬁtét\g{‘/f?'r&ﬁ%@cﬁ”@@g pnlgﬁpos@ﬂqegr PS8 aﬁ@%’& S%é??t Pﬁt in said
| ower MV petieandiung deidiapbragrs, el spipe brtbalanit cageg inrtisd pleed e uhdér thk akie up posi ti on,
such that the cardiac relaxation force of the LV brings said |oop to the up

posi tion, and sal d resilient unit assists during the |z,(%;stol e by assisting
the LV systol i d6chadevicewf @ obsainot oilAgvhersd sardgbieast ang fissbanshar ok aesttionsd v

apex. 1522the1:'tstenad;esmtse(m)tandzéra1 the %‘Qat@ﬁrdtad.velrv(/(}evmrlalsBrlaﬁbhrvéésbﬂtlh@ébf ofgait is

Pol y1 act 1 AN it G B8R LR St RS el ros AR Rl SR ™
i ni ti at ecthewreat cariec yessGEMEsISaid branchrvesse! thamof. at | east partly been resorbed,

such that sai d deV| ce has a del ayed activation upon inplantation. 2023. The
devi ce of any to, 22, rein said. device s bistabl and
Wher o n_a o asis e deesban ol s bl Th et e Sty iten B

pl ane ar ecoptrabunitd &), ms aeqtsonfbrbmeiammmg;pta{sielsglccal pardneetederelated to the cardiac cycle 24.

The devi cgnal @ggﬁ@& se%ét‘%@ﬁ*al th ||n%§1 é’tﬁ@rrs hal |§p?dvfi!edjf8‘éb|8€orﬁr9ﬂhﬂﬁ {8§)Q/?mcﬂ

control unit rce generatin rovi de a
set seque“r?&@'%?a'dé%[%ﬂeag@imgtué'&toH’r’?\\i'é‘h%ﬁ'ﬂ@Oveme“t bYe“”gléfomfﬁgfeﬂ@tﬁe@%f%touf,c?al m
24, vder e84) andbated ondaldadkengansignal. s configured to set a frequency, and/or a
speed, and/or a pause time duration of said assisting novenments in said set
sequence. 3026. A kit for permanently enhancing or augnmenting the |eft
ventricul ar punf. Thadevidedhclam 13 whergintsaid camie efieigy source (84) has a mechanical section

(90) where rotational or linear motion is generated, and an extension unit (54) extending from said
mechanical section, wherein said mechanical section is said force generating unit and wherein said

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 unit is a resilient unit, and said first anchor unit includes a distal anchor (73) unitand 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



an inplantabl e heart assist device according to any of clains 1 to 25, and
a delivery systemsuitable for inserting said assist device into a patient
including a guide wire, a guiding catheter, and an introducing catheter. 35
26 provi ding a nedi cal systemincluding said nedical device of any
of claims 1 to 19 and an energy source_(84), and mnimally invasively
delivering said nedical systemin sai dzéati ent. 28. The net hod
of claim 27, wherein said nmethod conprises providing a delivery system
such 5as Iewdrdr uppér MCare@bsitn respedtiaty1sudb thaffth cardiatinivedié fprck bMBSLWignys said

Jelivas [ | n YaSpertiely1s ) Rt gt : el
ol 1 ver i ropragpdt SRA G0 ARNUE Snd iSRRI ASRsal Bl RlstB hoe o RUET Iy ©! Y
pati ent ngﬁ’ﬁﬂiﬁ%ectﬁ“ tewards saidrelaxed poséignt em del i vering said energy source

(84), and connecting said energy source and said force generating unit. 10
29. The net hod of cl.aim 27 erein said.deliver stem.i ncl udes

i ntroducer cat t‘othngd Vi%fc'w‘?ﬁ WQGR?QF@ ,resgergmlté\aﬁ reiaéﬁ]%olsl gn '?i Ljpp?ir a

gui de wi rpdang postion springl loatedragéinst said MV plenetrodn peaition.isa@shat the cardiac innegledaitecbf

|t oducef GPS1AR Bl kAPl oRYEH L SiSTUBN B SRR AEYS em of
sai d | nt romine eg Gl it & Stung e Phey kb cagee P BoGBCAN BEGHd g < ho
heart to dirediesoftteed Asort e, inserting said guiding catheter over said guide
Wre,, Wthdraw L i Ayl , ! L: i t . efr, livering a
fir stl Oanc hor ur\{’{ﬁ t9 re@,t% blgreg?{ésn? g"r’f‘@%_g ? rr%érﬁ(}agB(Srr%%tB ? Q?b@g%ﬂeﬁﬁl\gﬂ%?eﬁﬁﬁo@gp '?ﬁg a second
anchor urlpadedagaingt said M\t plage up pesikien.isychdhat tie serdiagrelaxatipnsforse otthg)\ebiingcsRiddi ac

vei n. 2036bp tétheap pustliod, and saeiresiiestinit ¥sseBaingiteystolé bybasesisting itrmvtsksm'd

ci reul ati apQfiordy ReddindlosBy AR b hwds RS Skl 9 1 eft ventricul ar punp
RN O o 1°E hg A

action, sald ne onp generating a force in dependence of
a cardiac cycle of said heart by neans of a force generating unit, applying

sali fl_ﬂsorce to QQ.tﬁhEHé\m,@EoL@éimQ@?ﬁﬂlWHér?\ s:awrrgﬁiu@ﬁvclumﬁ;éh@keditwarpilrn@griaghty_ Ej ohandt
I n I ssue.connecti on. a I .V e or..ale ven I Cle Ol al ear
for on aciepBadoBiabsich? PLLA BB ¥huatio S aEh & et Sl snoiibost

val ve i n aationis frstlinitiated whentharesorbahleanathirinlkdes atdeast partiphebnoesofbed suchrthaipaik of sai d

heart.  geyice hasadela@-actﬁ%nrﬁ%nhﬂﬂarﬁg iof! @l m 30, wherein said assisted
novenent 1s controllably noving said mtral valve in a mtral valve plane

substantially along a long axis of a left ventricle of said heart by said
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



30f orce. 32. The nethod of claim 29, wherein said controllably
novi ng conprises noving said mtral valve in said heart in a reciprocating
novenent during systole towards an apex of said heart and during diastole
away from said apex for assisting said punp action of said heart. 35

33. The nethod of any of clainms 30 to 32, wherein said generating a force
i n dependence of a cardiac cycle of saffl heart includes detecting the
natural action of the heart, such as by neasuring an el ectrocardi ogram a
bl ood pressur e praaidiag a aelitad Gtefl imhiding saidmedict devics bignpdisiands 19aiTandear t, and

providin a8l £ 7P ~sal g I 1 nchrony wth

t he nat u?egfﬁgg@?c%é (é:@caf\gbﬁ%g@e%gn‘g% zli“rlle@ﬁé\%lﬁ%ﬁcﬁg éﬁ%\ﬁ%ﬁ'gg%t%' down novenent
of a mtral valve during a heart cycle. 34. The nmethod of any of clains 30
to 33, i nsterti I28. m]?iﬁembq @T@Iéhﬂ:%?, wgﬁgéin &did raéthddrébrlnmb@@bmid@afeﬁveﬁy%zﬁérﬁtsu%h?vi cet
accordin any of. ¢l aj.ns Q. i.nt o sa oronary. si nus .and{ or. adj acen
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2536. The nethod of claim 35, wherein said change of |length is made during
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generating a force in dependence of a cardiac cycle of said heart by means of a force
generating unit, applying said force to an implant arranged in a cardiac vessel in proximity to and in
tissue connection with a mitral valve of a left ventricle of said heart for an assisted movement of said
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



30devi ce for permanently enhancing intra-cardiac blood circulation of a
heart of a patient by assisting left ventricular punp action, wherein a
code segnent 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 inplant in a _cardiac vessel proximty to and in
tissue connection with a nnitral valve?df said heart for an assisted
novenment of said cardiac vessel and thus said mitral valve in a mtra

val ve pl asmergly for disglace@erit bisaidtnotraB Eedva dil synchifong wittathe aqaeral hedirt yele, dhdrebqehhancing

the natural up and down movement of a mitral valve during a heart cycle.

34. The method of any of claims 30 to 33, inserting a fist anchor unit of an implantable heart
5  assist device according to any of claims 1 to 19 into said coronary sinus and/or adjacent veins and
tissue, and arranging said force generating unit in a position remote of said anchor unit such that said
reciprocal movement of the mitral valve is provided along an axis extending from the left atrium towards
said left ventricular apex of said heart.

10 35. The method of claims 30 to 33, wherein said implant is dimensioned to be placed in the
coronary sinus of the heart adjacent the mitral valve annulus, and includes an expandable distal
anchoring unit, an expandable proximal anchoring unit, a connection unit extending from said proximal
anchoring unit to said distal anchoring unit, and an actuating unit arranged to controllably change a
length of said connection unit after implantation, said method comprising:

15 inserting said device at least partly into the coronary sinus;

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.



