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clains priority to U S. Provisional Application Seri al mmmm 9 filed
March 25, 2010, and Swedish application Serial No. SE1050282p] filed March
25, 2010, both entitled Device, a Kit and a Method for Heart Support,—which
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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 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 célls, 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 infroduced 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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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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synchrony with the natural heart cycle. Thereby is the natural up and down movement of a mitral valve
30  assisted during a heart cycle as well as the natural inwards and outwards movement of the lateral LV
wall relative to an intra-ventricular septum, along the short axis of a LV.
According to a further aspect of the invention there is provided a method for permanently
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.
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25 According to yet a further aspect of the invention a medical procedure is provided that
includes delivering a medical device adapted to enhance intra-cardiac blood circulation of a heart of a
patient by assisting left ventricular pump action. The procedure may comprise providing a medical
system including the medical device of some embodiments of the first aspect of the invention that are
supplied with external energy, and providing an energy source, as well as minimally invasively delivering

30 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
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.

35 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
introducer catheter, navigating through the vasculature and the heart to a desired site, inserting the
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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 iflustrations 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.



30Figs 10-12 are schematic illustrations that describe different
enbodi nents utilizing pulling and pushing forces in order to augnent the

mtral val ve novenent. Figs. 13-16 are schematic illustrations that
descri be different enbodinments utilizijng rotation forces in order to
augnent the mitral valve nmovement. Fig. 17 is a schematic illustration that
shows a renote energy source. 35Figs. 18-20 are schematic illustrations

that show a deipidpdy gilewehereehthermefod. 21- 24 are schematic illustrations that
explain a net hod of delivering an augnentation system 10 Fig. 25 is a
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the heart, e.g. deplcted |n F|g 1b. 10 is the Inferior Vena Cava (IVC) 12 is the Great Cardiac Vein
(GCV) at the level of the MV annulus 18. 14 is the Left Atrium cavity (LA), 16 is the LA wall, 18 is the
mitral valve annulus, 19 the whole mitral valve, 20 is the anterior leaflet and 21 is the posterior leaflet of
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 cévity 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



25the mtral valve. 22 is the LV nuscular 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 nmuscul ar septum 34 the |eft
ventricular cavity and 36 the right veptricular cavity. 38 is the right
ventricular nuscular wall and 40 is the tricuspid valve. Fig. Ib and 2a
show a schematic view of a heart, depicting the vein system wherein
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in diastole 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
35  anremote 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 augmentihg 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



25punp action is assisted. The large arrow (x) show the direction of the
bl-ood flow and the small arrow (y) the direction of W plane, the GCV and
the CS. In the cardiac cycle, the follow ng nmonents are shown in Fig. 5. a)
is just before systole, b) during systele and c) end of systole.
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magnets, preferably electromagnets, but one or the other may also be a traditional permanent magnet.
35  The electromagnetic magnets may change polarity synchronized with the heart cycle in order to change
between pulling towards each other and pushing away from each other. There are no physical
connecting units. 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 .
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Turning to Fig. 11b, an embodiment of the type described with reference to Fig. 11a is shown,
except that the CS or GCV anchor 82 is designed for more than one anchor in side branches 44. In this
manner, advantageous improved efficiency of the cardiac assist device may be provided. Geometric
distribution of the supporting force may be provided that is advantageous for the cardiac structures in a
35  long term use of the device.
The Figs. 12a and 12b showexamples 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
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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 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




In Fig. 14 it is also illustrated that there in addition may be a retention
unit 79 that | ocks the extension unit 54 longitudinally to stay at the

| ocation of the proximal anchor unit 75. The retention unit 16 may be a
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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
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.



18 A renote energy source 84 as conprised in sone enbodi nents, is
shown in Fig 17. It has a battery section 86 and a conputing section 88
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motion may be transferred to extension unit 54. Rotational movement may be transferred directly from
an electrical motor, or geared down in revolutions by a gear-box. Rotational energy from an electrical
motor may be converted to linear movement, enabling pulling and pushing force to a wire connecting

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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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 posmoned 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.
244, 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



5source may be attached to the clavicle (notsshown) in order to prohibit
di.sl ocation of the sanme when delivering nechanical energy to the cardiac
assi st device inside the heart. Once both anchors are securely
attached, the extension unit 54 is adjusted in length and attached to the
renote energy source 84 in step 860, and the system nmay be activated in
step 870. The renote enéh?y source has a unit to detect the natural action
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enbodi nbeericydé. t he co- pendi ng application. For I nstance an annul opl asty
ring may ne provided as a mtral valve intraatrial or intra-ventricular

anchor unit with a CS anchor unit or driving unit as described above.
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be provi d lsow])?ﬁ nore efficiently. 30The present invention has been

descri b%ﬁ oA Yeference to specific enbodi ments. However, ot her
enbodi ments than the above described are equally possible within the scope
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appendegreptb@biated IhadeMby reféénce 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 6f the invention is only

~ limited by the appended patent claims.



CLAI M5 1. A nedical device adapted to enhance intra-cardiac bl ood
ci.rculation of a heart of a patient by permanently assisting |eft

ventricul ar punp action, said device having 5at |east one first anchor unit
adapted to be inplanted in a cardiac vessel of said heart in proximty to a
mtral valve (W) thereof, such as a venous cardi ac vessel including the

coronary sinus (CS), the great cardi %Nﬁvn (GCV) the anterior
interventricular vein (AlV), or a br essel thereof, a force

generating unit adapted to be in communication with sai d first anchor unit,
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assi sted vement i rovi rollably support a natural novenent of
said mi P@g')feﬁaﬂ@ea"ﬁ/ﬁf @f‘%&eépgiaidﬁ@ 'aroverrent reci procating during systole
towards said apex of said heart and during diastole away from said apex for
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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.



in communication via a connecting unit for transferring said force and
pr.ovi di ng sai d novenent. 9. The device of any of clains 1 to 8,
sai d device having at |east one second anchor unit adapted to be inplanted
in said cardiac vessel, wherein said segcond anchor unit when inplanted is
10arranged cl oser to the ostiumof said CS than said first anchor unit.

10. The device of claim9, wherein said at | east one second anchor unit
(72) has an i htTbg daticechf enyent tlpimsdlto frowhereinesaid fised aechbounitdagjatieastane tigsuani t i s
sai d MpRhering@icthefieVi ce having a connecting unit (54) between said notor
and said first anchor for said comunication, and wherein said force is
provi ded by 15sai d notor. 11. The deV| ce of claim9, wherein said
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25shthc hAFARRYEHoSRT torhe astung efrsgid 4 thancsaid firshArghes Witsai d devi ce has different
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ext ensi on uni I'Tection € sa| drt 3OO mhere
saild | otall Betabed extension unit is flexed towards the LV apex and said CS

and GCV and thereby the MW are noved towards the LV apex. 13. The device of
any of clains,1_to wherein said force generating unit is a nmagnetic unit
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said actuating unit are in nmagnetic conmuni cation for transferring said

force and providing said novenent. 24 14. The device of claim 13,
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upon rotation of said extension unit in a first direction a diastole operative position where said
loop 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.



16. The device of any of clainms 1 to 15, wherein said at |east one first
anchor unit is positioned in the coronary sinus (CS) and/or in the great
cardiac vein (GCV) or said branch vessel thereof of said heart and/or said
device conprises a second anchor unit d4jat is positioned in said coronary
sinus (CS), the great cardiac vein (GCV) or said branch vessel thereof. 15
17. The device of any of clainms 1 to 16, further conprising a renote energy

source (84), H. dbmdavise ofgiaim 1(3881)9[9"1&3%983 ose nfsaid firsh anaeramilianthepicphaiesi ol ogi call
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said renote energy source 20(84) and based on said sensor signal.
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(75) arra I'n sal or sal ranch vessel thereof, wherein
saild resi | | ent unit is a loop (55) connecting said distal and proxi nal

anchor. un ¢ s, 1720 6 Bf by BIsing PR 6, B Uihinisi3a el axgobesla) an I n one

of an upper or ane position sprin t her
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whexCei n(84and besediohisaidsensoi ignalas a rel axed position in said upper M plane
position spring |oaded against said MW plane down position, such that the
cardiac nuscle force of the LV brings said loop to said dovvn posi tion, and
sai d resilientd Ui devise gficlaig 14 wherel Saldderaate gnesgyesoupe B4ihasta mrghanical segtion
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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) o 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) 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 (565) 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



| oaded agai nst said MW plane up position, such that the cardiac rel axation
force of the LV brings said loop to the up position, and said resilient
unit assists during the systole by assisting the LV systolic contraction by
forcing the closed W down towards th V apex. 1522. The device of claim
20 or 21, wherein said resilient unit Ts |ocked by an integrated

bi or esorbabl e materi al, such as PLLA, Polyvinyl or Polylactid, in such a
manner towat orsigpet M3fplanegositindespectively,snch thatfthercatdidcmusclefoest ofithe b Vibhiegs said
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of cl ai #he othet dreption towasdsesaid relaxed pesitionce is bi stabl e, and wherein a diastolic
up position and a systolic down position of the MV plane are provided as
equilibriums . The devi ce of any. of

s of the device. . . . .24
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A kit fQiFecF)d%r pently enhancing or augmenting the left ventricular punp
function of a heart conprising an inplantable heart assist device according
to Hhy of cl awpasein saidrestient gpithas a relaxedepogition iy eaiy lowgr\é piara pasitibn epringr
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et el nglogf;i %or}r(\ae L?p p’osiztal'on, ancp saidq resih%nt unit agsists éuring %e systole by assisting the LV systolic

contraction by forcing the closed MV down towards the LV apex.

15 22. The device of claim 20 or 21, wherein said resilient unit is locked by an integrated
bioresorbable 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



