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PROBLEMS UNDERLYING THE INVENTION
Heart failure is the result of a dysfunction of the heart, particularly cardiac muscle

tissue, whose negative effect is that an insufficient blood supply is delivered to the vital
organs. This condition of cardiocirculatory insufficiency is a progressive process that
can worsen to the point of causing the exitus of the patient.

The cardiomyopathies responsible for the dysfunction have various etiologies (viral

diseases, idiopathic cardiomyopathy, valvular diseases. ischemic diseases and

congenital diseases).

Cardiomyopathies lead to the dilatation of the heart and its chambers, decreased systolic
function (ejection fraction), reduced cardiac output, increased left ventricular wall stress
and a consequent increase in end-diastolic pressure.

Over the last twenty years, cardiology and cardiac surgery (perhaps more than other
specialist medical disciplines) have achieved extraordinary diagnostic and therapeutic
results, and significantly contributed towards prolonging average life expectancy in the
more developed countries; these advances have changed the epidemiology of
cardiovascular diseases because the prolongation of the average life span has led to an

increase in the number of patients affected by heart failure, which is the object of the



cardi ovascul ar di seases because the prolongation of the average |ife span
has led to an increase in the nunber of patients affected by heart
failure, whifhds the object of the WO 01/78625 PCT/ I TO pEPiff00rsé present
invention and can currently be only partially Treated. One of the
characteristics of heart failure is a progressive deterioration in |eft
ventricul ar systolic and diastolic function; the nechani smor nechani sns
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counterproductive mechanism of progressive remodeling.

The progressive dilation of the left ventricle leads affected patients from a picture of

asymptomatic cardiac dysfunction to one of chronic heart failure.

As mentioned above, heart failure is a rapidly growing epidemiological problem: it is

the most common diagnosis in patients aged more than 65 years. and the fourth most

frequent cause of hospitalisation in the USA; the syndrome consequently has a

substantial economic impact.
Until a few years ago. conventional surgery (that is, coronary artery by-pass grafting

and valve replacement) was contraindicated in patients with advanced myocardial

dysfunction, and heart transplantation has been acknowledged to be a valid intervention

in such cases.

However. the applications of heart transplantation are limited by the small number of

donors (10% of cases). and have a large number of relative and absolute

contraindications.

DESCRIPTION OF THE STATE OF THE TECHNIQUE
s for the treatment of heart failure have recently

New knowledge and new strategie

proved to be promising.



However, the applications of heart transplantation are |imted by the small
nunber of donors (10% of cases), and have a | arge nunber of relative and

absol ut ewoaRpkdai ndi cati ons. DESCRI PTI ON OF THE STATE OF potaTdiacidl QUE New
know edge and new strategies for thestreatnent of heart failure have
recently proved to be prom sing. WD 01/78625 PCT/1 TO /00156 3 There is a
wi dely shared cultural belief that patients can be surgically treated in
order to inprove cardiac function and then subsequently undergo
appropriate nedical therapy nore efficaciously. In the field of mtral
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possi bl e to expect good.resul f b ewagqul@d)sation in terms
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testing makes it possible to expect good results from surgical revascularisation in terms

of survival and improved cardiac function.

The same novel concepts in interpreting dysfunction in valvular heart disease have

allowed the use of surgery in more severe €ases of ventricular dysfunction by means of

the application of new methods of myocardial protection and new surgical techniques.

The most striking example is the surgical treatment of mitral valve insufficiency by

means of conservative and reparative methods using small prosthetic rings that tend to

reduce the posterior annulus and improve the coaptation of the mitral leaflets.
pable

It has been demonstrated that myocardial revascularisation and valve repair are ca

of improving left ventricular function.

Recent efforts have concentrated on improving left ventricular function by means of

surgical methods aimed at ventriculoplasty with or without a reduction in ventricular

volume. | | |
It has been known for some decades that heart failure symptoms in patients with left

ventricular aneurysms improve after left ventricular aneurysmectomy.

This concept has also been recently applied to the reconstruction of ventricles with

akinetic areas.



It has been denonstrated that mnyocardi al revascul arisation and val ve repair
are capable of inproving left ventricular function. Recent efforts have

concent r dlRfl7843s1 mproving left ventricular function by neam@iTofoo1sur gi cal
met hods aimed at ventriculoplasty wth or without a reduction in

ventricular volune. It has been known for sone decades that heart failure
synptons in patients with left wventricular aneurysns inprove after |eft
ventri cul ar aneurysnectony. This concept has al so been recently applied to
the reconstruction of ventricles with akinetic areas. WO 01/78625
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patients mirhfentricdiappasshiecs It vertrice trdhdi DRYEPHAYESF dil ated car di onyopat hy

of valvular etiology, as  well ' BYAS todihs @RaenenBol batkegts heith
hypot hesi $&cqnqeRt ‘igfﬁé‘pg‘ﬁ%lh cééatef]oﬁpl?)e? b?gst ri ctoi ve annpul ar devices in order

t0  COrregfohih® Sidddabardiahyepatiysuf Giacideprgiombienathysolof 18I T OLEXt 23 n di | at ed
and dysfunctioning ventricles is itself capable of inproving cardiac
function a@&@?lﬂi%gatsodlﬁqarée-sane principle as that underlying Batista's

procedur egoiﬁng S ﬁ,gﬁtheﬁwdgﬂhgtadhe RpgiRadur efreswictveemnuliedevices 4 PRI i n
clinical practice or experinenta

_ ly) is still gquantitati Jimted; the
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adopted | q"hgl Lsréi %?l S éigaﬁt E%@eﬂese)fd)eﬁéa'ﬁ'eﬁ@a?d failure (in clinical practice or
experimentally) is still quantitatively limited; the results are controversial and it is still
impossible to define an unequivocally identifiable intervention for the treatment of
decompensated patients.
However, it is possible to deduce from clinical results or theoretical interpretations the
disadvantages of the techniques so far adopted in clinical practice or experimental
settings.
A number of methods and devices have been proposed in order to increase the
contractile capacity of the cardiac muscle, limit diastolic volume and reduce cardiac

wall stress. |
Patent application No. WO09829041 describes a device aimed at treating a

decompensated heart by reducing wall stress.

In its main implementation. the device foresees the insertion of a tie-bar designed to
draw at least two cardiac chamber walls towards each other; the divulgation also
describes a method for positioning the apparatus on the heart.

As will be seen below, in comparison with the present invention, this anterior technique
has the drawback that the epicardial application of the tie-bars may interfere with
coronary perfusion; furthermore, as the said elements are large pins that constrict two

points of the wall. they reduce the diameters of the ventricular section in a linear



settings. A nunber of methods and devices have been proposed in order to
increase the contractile capacity of the cardiac nuscle, |limt diastolic

vol une aQQHﬁ§§ng cardiac wall stress. Patent applicati arciNao/d@8829041
describes a device ained at treating a deconpensated heart by reducing
wal |l stress. In its main inplenmentation. the device foresees the insertion
of a tie-bar designed to draw at |east tw cardi ac chanber walls towards
each other; the divulgation also describes a nmethod for positioning the
apparatus on the heart. As will be seen below, in conparison with the
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conbi ned Wigkthertdog:, Gichid emire e the ciadarsmeayuitedere byjthidipstolif 88844 Fur t her nor e,
the rigid nature of the tie-bars nmay jnterfer It e diast Qbh& Sppetion.
W09814136 \M@g@t“il%éie%?“%ﬁ?ﬁ%'écen‘éett% {Ot%e %ggﬁﬁﬂté%eto the external surface
of the can@iRGuIHSEche RNkikdie Mppivadoniin appparsen wih thel mescoipesntigon wi t h
the present invention, this device has the.disady fhakrd tih

epi car di althigpsivice dias ofie rPéi?dY%‘faéFfﬁf}?te‘tW etpffardéagracgﬁgcrag%er usi onrelaﬁ can cause
chronic C%?&Bﬁpﬁ%rﬁﬁoﬂ%h%ﬁ@aﬁﬂesahr@ﬁc icongifeive aesicanditis, WO A8 ABO 4dse of
Furthernore, the lattice apparently has the sane intrinsic di sadvantages as
those assWOPEIMWEIwi th cardi omyopl asty and may interfere with diastolic

function. Jhe docungnt ayéél%éé%ﬂu}d%ﬁéirth@%&nann@micadisaa@mdgssasttmlsei nto the
ventricle;” however, t he sal'd cap does not allow E 1|gxgduct ion in equatorial
di amet er amsbeianid with ardieapdplastiend sy dserfaye Wi PESEOMPAY ™ he opt i mal
geomet ry Q’I'het ci"o%ur\{xgrﬂtlﬁéﬁbﬁm describes an apical cap inserted into the ventricle; however,

the said cap does not allow a reduction in equatorial diameter and fails to reach the

objective of restoring the optimal geometry of the ventricle.

Patent application No. W09944534 describes epicardial bands whose drawback is that

they may interfere with diastolic function insofar as they may cause greater volumetric

constriction, as in the case of the lattice and tie-bars referred to in the other documents

mentioned above.

Furthermore, the aforesaid bands make up a static device and do not allow the
restoration of optimal ventricular geometry.

In patent application W09956655 a method (surgical procedure) for left ventricle
reshaping is described (similar to the surgical procedures described by Jatene and Dor),
using on purpose rigid material without intrinsic properties of elasticity. Therefore it has
the same potential disadvantages as the ones quoted for the above mentioned patents
and surgical procedures.

In patent application WO0006027 is also described a ring, not attached either to the

ventricular wall or to the mitral anulus, that is rigid enough to hold the submitral

apparatus with the only purpose of being a restrictive device.



Pat ent application No. W9944534 descri bes epi cardi al bands whose drawback
is that they may interfere with diastolic function insofar as they may

cause grgateghsedol unetric constriction, as in the case ofpdieoi/@isd ce and
tie-bars referred to in the other docunents nentioned above. Furthernore,
the aforesaid bands nmake up a static device and do not allow the
restoration of optimal ventricular geonetry. In patent application
W9956655 a net hod (surgical procedure) for left ventricle reshaping is
described (simlar to the surgical procedures described by Jatene and Dor),

using on pur thgte Ud g;l@lmr%begl aividrt Billoplddtyr irlAgi & pesopisrdt iveéeseofmagl asticity.
Therefore it the sane potential di sadvalag ges as bhe ontg fuot ed for
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wal | or toﬁﬁ poss (ﬁr%gtn%ﬁ ?ﬁot eatmlus rigid enough to hold the submtral

appar at uspD WSCRIRTH@NO@F I 6N bei ng a restrictive device. WD 01/ 78625

PCT/1TO /00156 6 In patent U e VAl ikl i AERACBIoRSH S [ NG 1
descri bed I hHDLI M ‘?feg:é}% VP g?sﬁg??%tﬁz%% at of ellng@abrl cated froma | ow

el asti ci tmem&tvaiaclaldfme dRided tasededrothe desafilped stpde @Bb@%?r@fd?crhé’étle activity on
ventricul ar funct OF TH THEn&e Metdrd)@s Pr esent
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technique. It consists of a resilient endocardi al device designed to reduce
one or nDEECWHRIRCERLOT X we| | as the vol ume of the ventricle, by reduci ng

its mtrakpanpuidis jand/ Ms @eualaEbmtic ofibebirdariatie elctnditde ralppx andhi s
resilient device has the characteristic of being elastically deformable

radial |y alweticalht ¢efetmablelayialief or mabl e axi al | y. The construction

charact er iy % Gt %tlotn @t'eﬂst[é?\éf aR sﬁﬂdsdévlbau@o hm tadlvdvahagas faflowing owi ng a
mul tiple an cfu I'S
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gradual lya muttxp@asnchgm@@ﬂ digtpbetionh af the alebﬁol qyﬁtg cigp. aflear y'
end-di ast o] Iré:asgé RsithGe tlflart Eanog-%nearly related to end-diastolic pressure, from the

systolic to the diastolic phase, thus avoiding greater volumetric constriction and the

possible consequence of diastolic interference.

A further advantage of the device of the present invention is that it can be applied

without the need to reduce cardiac mass.

Its axial plastic deformability allows its adjustment to the endocardial wall remodeling

the left ventricle in the original shape

By means of the prosthetic device of the invention, it is possible the reconstruction of

optimal cardiac chamber geometry obtaining a wall stress that is modularly redistributed

on the prosthetic material and the cardiac wall.

The device is characterised by elastic properties appropriately designed according to a

non-linear law.

The said non-linear elasticity allows the device to act as an aid to systolic function

during the contraction phase; as far as diastolic function is concerned, the same non-

linear law of elasticity means that the device does not interfere with diastolic function:

in fact. although opposing a progressively increasing resistance against dilatation, the

said device does not statically constrict the heart by impeding its expansion within

physiological limits, as in the case of the devices described in WO09814136 and
W09944534.



systolic to the diastolic phase, thus avoiding greater volunetric
constriction and the possible consequence of diastolic interference. A
further pgyphisage of the device of the present inventionpcsathabidst can be
applied wthout the need to reduce cardiac nmass. Its axial plastic
deformability allows its adjustnment to the endocardial wall renodeling the
| eft ventricle in the original shape By neans of the prosthetic device of
the invention, it is possible the reconstruction of optiml cardiac
chanmber geonetry obtaining a wall stress that is nmodularly redistributed
on the prasthekiite "Bt &nhtRde aRAintphBiation dif aBisWdvice Wikte odeyiepardial and
characterised by elastic properties appropri atFI y desilé:;aﬁed according to a
non- | i neaintraeasdiacTpeocsdyres ABRL VAP PiaTths FHEA! XIVE] TCBRESTHE W5 ¥8Vi 0 act as
an aidt Ore?)é@érf?én't.%é\ﬂﬂ?%ﬂc?ﬂmdQHédeMryt thethe ANessBChndon iphiasse mesiblako as.
diastolic function is concerned, the same non- |linear |aw of elasticity
means t hapersdneliteNic centdioslsr rronodplingedrt dieebagisti s d4tcHPd YUWBIIOAM in fact,
al t hough opposi.ng a progr.essively j - OS] ; i il atation,
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expansi on(imdifferent nyrhbyesd @idegegal |imts, as in the case of the devices
descri bed _j 4534. WD 01/78625 PCT/I1TO /00156 7 It is
possi bl e Pégg\ﬁﬁu%#i\}ggﬁﬂﬁgﬁ(ﬁ?t ation of this device with other epicardial
and i ntr geafgliracmaedcpsbsibleso (udetstank bewdrvhd iopingise gspeets ofthe deradeve

repl acenent, aortic valve. replacenment, BG. C d eS by the
di sease, &S { 1§ & FIREGHIOE Ogc?sgeinﬁfcgﬂf Savcl%s}er%é%ﬁé? ?gg&t 8Q§Cg§} ?E?[gﬁf ar
renodel i ngoGfodshe basis of the functional, volumetric and geonetric
characteristics of the patient's ventricle by using the device in different
ways (i nFiguse 2ehoms adiisingeo 48| zes) . DESCRI PTI ON OF THE FI GURES The

figures make d{PAssisblidipewnrdangt and better the inventive aspects of the
device. Figure 1 is a cross-section of a ventricular cavity, with the

devi ce | oiguestt showsarthighiype plodevickions:;
Figure 5 shows a fourth type of device;

Figure 6 shows a fifth type of device;

Figure 7 shows a sixth type of device;

Figure 8 shows a seventh type of device;

Figure 9 shows a cross-section of a ventricular cavity with devices connected by axial
elastic elements;

Figure 10 shows a cross-section of a ventricular cavity with devices connected by
elastic elements having axial and radial components;

Figure 11 shows a device with a covering;

Figure 12 shows another type of device with a covering

Figure 13 shows another type of device with a covering.

Figure 14 shows the means of fixing the device.

Figure 1 shows a ventricular cavity/left ventricle 1 in which, at the top, the aorta 9 is
visible: the devices of the present invention are inserted on the endocardium 2 of the
ventricular cavity 1, and consist of devices 6, 7 or 8, which are substantially elliptical,
circular or asymmetrical in shape (see Figs. 2-8) and are in any case adjustable to
different sections 3. 4 or 5 of the internal perimeter of the endocardium 2, in a number

depending on the characteristics of the dysfunctioning ventricle.



Figure 2 shows a first type of device; Figure 3 shows a second type of
device; Figure 4 shows a third type of device; Figure 5 shows a fourth

type of Q/%Voilﬁ% ;s Figure 6 shows a fifth type of device; ddGghBoefscshows a
sixth type of device; Figure 8 shows,a seventh type of device; Figure 9
shows a cross-section of a ventricul a% cavity with devices connected by
axial elastic elenents; Figure 10 shows a cross-section of a ventricul ar
cavity with devices connected by elastic elenents having axial and radial
conponents; Figure 11 shows a device with a covering; Figure 12 shows

anot her t%éﬁﬁmgtf mggwi,%,em\eﬁ fBnfOvEEMGng FegyeRnd hvsdionstianatidey mhy pe of
g.

device w a coveri Figure 14 shows the neans of fixing the device.

Figure 1 bhowiffacvehapes col affesenyiseqionef khey evyrfkgpise PeioRemRr ElRsedaps t he t op,

the aorta 9 is_visible t devicepi .o §hg RHUESENleald B8O thORodaly | NSErt ed
on the enakboc\%{lr ﬁsﬁer%g\éeqyosﬂo gﬁuveﬁttri Cll%| aer cavity 1, and consist of devices
6, 7 or 8funatioridy acw oftiestantleal |y elliptical, circular or asymetrical in

shape (see Figs. 2-8 are |n. an i Lff: sections
3o & Tt Bhienf ks e Juf deliBl desPRT R 10k HELABLR de LA o
dependi ngaR# oh (iR dethadndiagkiest dfeactiohs dfithe shpsfwenicieoni ng ventricle. WO

01/ 78625 PCT/ 1 TO /00156 8 Wt hout. difying.the, fu [.Qni | yi ng the
present i AYEAtL Wh,refgrﬁgcedg\ﬁg@é%n yice a?%g%i’(%ftleop &he” @%glﬁg‘gleg%éﬂ @?ﬁ er ent
secti ons. TNEHrMB¥nldske WrRvibe 70REMeOfosklonsEth aAsquadtdiamespectdel y from

Figure 2 to Figure 8, in order to |eave free the normally functioning
areas of dpecadeante ppationeden dherapiabHinEPL2s of the sai d devi ces depend on

the di mans\#hﬂ'? efflnck N6 YR b1 Gk QleROLL haRb 20008 réctﬁ?ﬁlhﬂc feetieDtvisthlcaimaher s of
sections o e sane ventricle. In fact, with reference to Fi gure. 1, device

6 can be posid iwhway kyrantdpen Hargnes e wpenakg lﬁg qrg closed ring, as shown'on
right.
With reference to Figure 3, the devices have a solid circular section, visible in the
centre, and may be an open band, as shown on the left, or a closed ring, as shown on the
right.
With reference to Figure 4, the devices have a hollow bellows-like circular section,
visible in the centre, and may be an open band, as shown on the left, or a closed ring, as
shown on the right.
With reference to Figure 5, the devices are made as open or closed bands in the form of
a flat spring, which may be continuous or discontinuous.
With reference to Figure 6, the devices are made as open or closed bands in the form of
a helicoid spring, which may be continuous or discontinuous.
As already said, the devices are plastic in the direction of the axis of the ventricle (see
Figures 7 and 8) and elastic in the direction of the ventricular radius: this leads to an
active diastolic expansion in which the resilience of the device, under endoventricular
pressure, allows its radial dilatation to a predetermined useful extent and the
simultaneous accumulation of elastic energy: at its maximum load. the device returns to
its resting dimensions, thus operating an active systolic return as a result of its elastic
force.
The function of elasticity illustrated by the devices is not linear because, in the diastolic
phase, they must oppose little resistance against expansion; the elasticity of the material

must diminish in an inverse relationship with endoventricular pressure in such a way as



the mtral annulus 3, or device 7 can be positioned on an equatori al
di aneter 4, and device 8 can be positioned on the apical dianmeter 5. Wth

referenc ure 2, the devices have a solid rectangul @, 586hdi8-
vi si bl e %HOQN@zgcentre and may be an open band, as shown on tﬁ ?Je]ft, or a

closed ring, as shown on the right. Wth reference to Figure 3, the

devi ces have a solid circular section, visible in the centre, and nay be
an open band, as shown on the left, or a closed ring, as shown on the
right. Wth reference to Figure 4, the devices have a holl ow bellows-1|ike

circul ar sectq gure tb@ts‘h%ﬂe»’lqempmhescw:wareesmmde mfaxdﬂzbbna@ llo@ﬁﬁhdbt%%ds% shown
on the left, QtinRLLdis on the T reference to
A R Vé‘ﬁ‘wg? fend Hoginle prosrcot

Figure 5, the devices are a
flat spri ng, Thmd@:wemi@rgbe vammmsnueuagpmﬂﬂhﬁmmtsldﬁ@m@ oM Rrdefif ﬁ&gqﬁ‘s to
a

Figure 6, F V\ﬁ%ﬁl ed ge as en or closed bands in the formo
hel'i coi d spr s HRIOp SRY. | EIBLI@ GRS BYRE SHysdsto the eadacemlty sai d,

t he devi ces ‘a[ale Oﬁltlaswnmdlenoxt Rénfip rtﬁfbﬁxgl@@leoﬁlyéﬁ?dlé}m% &f wiNGeRALT H’glﬁ (see
us:

Figures 7 an nd elastic in fhe direction of the ventricular
this |eads t%w%)rﬁi %éccet ?Q/@’ed‘(vﬁlét‘téqlé thapyplh Al Ga coptraghior 9 tthe veresdld (smobc of t he

devi ce, undephaeajdoventrl cular pressure, allows its radial dilatation to a
pr edet er m ne& Hsef extent and the sinultaneous accumul ation of elastic
energy: at i ‘iﬁﬁ‘?fal“B’ééhOW Fipas @ethe devigen$, 7 ond B s doemecied Gy GheaNSI ONS,

t hus oper at i sflatc aiehbMs 16 YiSbQk r t of its elastic force.
The function of e| asti G ty ill ullstt%rﬁartgg %égﬁ{gfa{j r\%#% ggied WS?S“P’F'FP@&F he

because, in TR idhagegisle 1 haassié fOFWBe!}la}rrblmynomnmdBof bdytrn®@trices Tht @RGR
agai nst expaiighedty 1ot Ll Ci f mnish in an
inverse relationship vvalngilhﬁ&it g‘\?‘té‘y S?’l i i? ob?"g EfoethFﬁvagﬁ%ﬁ%h%V%}ﬂeab WO
01/ 78625 PCTVilTCI¢ro0:£56 Figir¢ 00.eths devicdsteat7 dnies go\oR RBROSED U HERIES

cai noi dos. it Tarhel T a8 o AR 40 orhst proed oot Tl
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coincides with tLLe maxi mum
char ged wi t fredesighédtognedugy fostdslof b predéternhihdd ifliehfigt | on of novenent from this

In a preferential implementation, with reference to Figures 10, 11, 12 and 13, they are
constructed of biocompatible material covered by a sheath or woven covering of
biological or biocompatible material presenting two lips or lateral flaps suitable for
suturing; the material constituting the said woven covering can be, for example,
autologous pericardium or heterologous pericardium, or a non-thrombogenic
biocompatible material of the types already existing on the market (teflon, dacron,
silicone).

It is also possible to construct the devices of biocompatible material of the invention in
such a way that their transversal dimensions vary along the perimeter, narrowing in
parts that are suitable for being directly sutured to the endocardium without the need for

the sheath.

The method of application of the said devices is to suture the lips of the covering sheath

using detached stitches, possibly U-shaped, reinforced with pladgets of dacron or

another biological material of the type described.

Using this method, the stitches do not interfere with the elastic and flexible element

making up the prosthetic device.

The suturing must be complete: that is, two circumferential sutures of detached stitches

for each device. unless the stitches have to be transmural.



poi nt of maxi mum dilatation and begin to contract: being sutured to the
endocardial wall of the ventricle or running through the myocardial wall,
it wll exercise a direct inward force on the wall itsellJCTt/lq'af/OO%(Jl aid
the cont WRXW#A of the ventricle (systolic phase). In the inplenentation
shown in Figure 9, the devices 6, 7 &hd 8 are connected by neans of
elastic elenents 10 in order to produce forces of a predetermned intensity
along the axis of the ventricle 1; the said forces may be symetrical or
asymmetrical. The elastic elenents 10 are attached to devices 6, 7 and 8
or sutured to the walls of the _ventricle 1, W f n Flgure 10,
the devi ceeotier methasdoizapphieation o &t yess Y&t P%ﬁé‘%ﬂ%é‘{sgtsg&%f &g‘t"hgisgé‘g

ci rcunf er g ﬁleb(ypégl?g'xgﬁ)aﬂcf 1 QliBshhife Grew@Nths tibknewhole madtabr wplbiazki al
conponents  are designed to produce forces of a predetermned intensity. In
a pr ef er etht junbtignmgltentenstane Pdeteriipsd PeFWlence to Figures 10, 11, 12 and 13,
they are pEonshiuGhatladh: blopamRRliPhRl Waistisdl coonxeoedibye arshedt h or
woven COV—gFI ng o 1ol ogical or bioconpatible material presenting two |ips
or | at er atlethérapae suil¢ ahe pfaeternsined #lasHgly- t he material constituting the said
woven covering can be,. for, ex ] Usy petid i bynn@anshef er ol ogous
per i cardigfﬁ' Cgplp%neﬁl no-ftt&? gﬁﬁ%ﬁ%{bab@g&%ﬁtﬁggﬁ% e fgf?d Hjmg.f t he types

al ready eigisicnadiospatineofnhe keteriat edefl GmetabigEipghor th%gE IAYh) radiPPPAILC 5f 50
possible to construct the devi. f. bl jble material of the

i nvent i onlFRents fEidc ﬁ‘e\ﬁ&\?mt%%t?quﬁgfh% °?$éé%é§3§¥§§l di mensi ons vary along the
peri met er gy RRaAMiIRGddsetibep device, theefo Lloaving chiectizgsl aee r8thedei ng directly sutured
to the endocardi um wi t hout the. need for,. e : Hf

appl i cati 60 agfingrEse JRjthe EESHOB SLACH Y V%'kﬁlf%? emgﬂgﬂfepgga_ro&?t v{Eﬁitélﬁgg?/e,ri ng

sheat h U%k@@u&%%ﬁe%ﬁ Hict giefencd) Oewiclt endidabaliedolumsi prido prdseysitic h

pl adgets of dacron or another biological material of the type described.
Usi ng thi solmmehod, the stitches do not interfere with the elastic and

{1 extbl e eleRmnty, fIKINGf URich SaRE OiiRidncy dvimitaiine Gutrbyfoigeitst be
conplete: ‘t/hat is, two circunferential sutures of detached stitches for
each devi estidityloégs natiee ahilishes have to be transmural. WO 01/ 78625

PCT/1Ta Q%laSnGaid to systolic function using the intrinsic force of the device,

(d) pre-modulated diastolic expansion, and
(e) chronic radiographic control of the device function and its relationship with the

cardiac function.
It can be directly derived that the present invention is suitable for different shapes and

implementations of the device, while remaining within the ambit of the same inventive

concept.



10 Anot her nethod of application of the device is that of a mattress suture
acconplished wth the open ring/band itself running through the thickness
of the ﬁyhﬁﬁ;mall and the junction of the tips at a pceast®oissned
measur e. e sutures applied for the;|ongitudinal and transversal
connection of the prosthetic elenents are made with a predeterm ned

el asticity. Any conponent of the device must be characterized by

radi oopacity by nmeans of intrinsic radioopacity of the material used
(metal spring) or the addition of radi oopaque elenents inside the elastic
material or the coverage material. @ginseans of the described device, the
foll ow ng objectives are reached: (a) an increase in the ejection fraction,
by which is neant the ratio between the end- diastolic volunme and the

difference BelyRaRaRd udlias ol iveatil UIRingn thraibthy Syatholby Ccoricolingmene () the
elimnation of mtral valve insufficiency ntai ning the Q?%ﬁlologlca

i
el asticity efomdye gfatheviell anpairyer, cqvity (dh Wé‘ihﬂu'tn%esr§’§’f"é)f’ll i usi ng the
intrinsic foLe Cfté?fse& m‘é%(dt%« the(di)acgr(@ mﬂtd)%%cmfae&ueﬁlsﬂ dhe@KkARASI ON, and

(e) chronic radiographic control devi ce functlon4$nd its
rel ati onshi phoset Ishaphes soloataditialty ﬁlcmlélt Tcbr‘ihﬂ‘tl(tf b8 rPBECH rUcPF oI Oed t hat

t he present gpve tloq)kanéyh @Q#ﬁh%@k thkﬁﬁgpk bR REkceptiBR! RMENt at i ons

of the devié lLllmetrenalnlng nbit of the same inventive
concept. WDeRtlc78G25naRET /ih FOHAR0 Tection1toskedisnte insidepl Shrerrntrickurisr  devi ce

for treatin @gyrg&%g%{ car di gn%fﬁalth?%g %ﬁn&lgxrsﬁﬁgtﬂ'xenﬁldt\%trxcﬁem@'%iemén@f the

left ventri SVal ) he renoval cardi ac mass,

characteri S%ﬁ%%q&xﬁﬁdﬁ&q{ mefat(12)hfer deaching i ©, thy uamalayallcqfﬁbﬁ wngidsf at | east
one el enent ose shape is substantially simlar to that of the perineter
of the port@ﬁﬁob@ﬁn@ﬁﬂdéﬁ?ﬂ?ﬁﬁ?to which it is applicable, and which is
respectively susceptible to

2. Device according to claim 1 characterised by the fact that the said element is
covered by a woven covering of biological or biocompatible material, the said
covering presenting a flat part and having external parts (12) extending and
projecting from both sides of the said element, the said parts being suitable for being
attached by the flat part of the covering to the internal wall (2) of the ventricle (1)

and/or the mitral valve annulus (3) by means of suturing.

3. Device according to claim 2 characterised by the fact that the material constituting

the said covering is dacron, teflon or goretex.

4. Device according to claim 2 characterised by the fact that the biological material

constituting the said covering is human or animal pericardium.

5. Device according to claim 1 characterised by the fact that the said element is
equipped with means for attaching it to the internal wall of the ventricle (1) and/or
the mitral valve annulus (3), the said means consisting of at least one area of
narrowing of the transversal section along its surface, the said area of narrowing

being susceptible to being directly sutured to the said internal wall of the ventricle

and/or the mitral valve annulus.



elastic deformation in a radial direction towards the inside of the
ventricle and plastic deformation in a direction that is transversal to

t he sai dy¥@ntdshe! €, the el ement being equi pped w th neametii@)ool sy
attaching it to the internal wall ofjthe ventricle and/or the mtral valve
annulus. 2. Device according to claim1 characterised by the fact that the
said elenent is covered by a woven covering of biological or bioconpatible
material, the said covering presenting a flat part and havi ng external
parts (12) extending and projecting fromboth sides of the said elenent,
the sai d gaptgcdeicagisuid @l prefions biimygchatarashedy phe e hatahe At of the
covering to the internal wall 2%.of the ventricle (1) and/or the mtral
val ve annul elemgm rornptsRigI0sedtr oGt t%hg. 3. Device according to claim 2
characterised by the fact that the material constituting the said covering

is dacron, teflon or goretex. 4. vice accor dj .l Anglanact eri sed
by the fabt Devieg aqchisling te|tesgpreypy ?%§F%¥m:%gﬁg%$?ﬁ?%hgathe said covering is

human or ani -Gl i it B re@R)uke, @cdruld. ny ctlipticll.adrmemi-ealaact er i sed
by the facts%ﬁéggfﬁt said elenent is equipped with means for attaching it
to the intepbnsdmiwdlipticadf the ventricle (1) and/or the mitral valve annul us
(3), the said neans consisting of at | east one area of narrow ng of the

transversal section along its surface, the said ggeﬁ q% anééﬁggg bei ng
suscept i bg.e Deoicheicagdidi rteché previgugraams shmeedst P HEPHa™wdl® 6t t he
ventricle and/or. the mtral, valyve gpﬁﬂbgs. WO 01/ 78625 PCT/1TOL/ 00156 12
6. Device a@@HFHPﬁ&”FBmFﬁg SPeViBUS clai ms characterised by the fact that

the said elenent consists of closed or open rings. 7. Device according to

t he previous clains characterised_.b Lhakq thent rrasyar gas section
of the sanI%$%ﬁéﬁ¥m?§gﬂ80’ﬁﬁ%ﬂpﬁﬁ?xbﬁhgiigu ar, or élliptical, or

sem - ci rcul gy o it@bd SEHeardtdgspt i cal . 8. Device according to the previous
clainms characterised by the fact that the said elenment is constituted of
cl osed or open bands. 9. Device according to the clains from1 to 7

character ilﬁ.elgevl?c)é &c@grdinﬁctto thadiailnt fictn 1 to 5 characterised by the fact that it is

constituted of closed or open helicoid springs.

11. Device according to the claims from 1 to 5 characterised by the fact that it is

constituted of closed or open planar springs.

12. Device according to claim 1 characterised by the fact that the said elastic
deformation is in a non-linear relationship with endoventricular pressure.

13. Device according to claim 12 characterised by the fact that the said elastic

deformation decreases as endoventricular pressure mcreases.

14. Device according to claim 13 characterised by the fact that the said elastic

deformation continuously limits diastolic dilatation.

15. Device according to the claims from 2 to 5 characterised by the fact that the suturing

stitches are reinforced with pladgets of biological or biocompatible material.



constituted of linear strips. 10. Device according to the clains from1l to
5 characterised by the fact that it is constituted of closed or open

hel i coi dygRihstgs: 11. Device according to the clainms fromdtre/fise
characterised by the fact that it is,,constituted of closed or open pl anar

springs. 12. Device according to claim1l1 characterised by the fact that the
said elastic deformation is in a non-linear relationship with

endoventri cul ar pressure. 13. Device according to claim 12 characterised by
the fact that the said elastic deformation decreases as endovengi cul ar
pressure jncreases. .14. ' di ng tiicofa@l thithd Sichmicactesistsad by t he
fact thatl% 8“%%?%“&%5??%“gg?%?ﬁg{m?gngconti nuously linits diastoli %:/

di | at ati on. mbfe thidemieaienaocddibnepnnectehy YasHf Fﬁ?mg?ré'm 2 to 5 characterised by
the fact that the suturing stitches are reinforced with pladgets of

bi ol ogi cal or bioconpatible material. WO 01/ 78625 PCT/ I%O / 001? 13 16.
Devi ce acrRneiisgadcorditgaionldmchererstesisddsiagthpyact Mt theceid HIret HEUEE d devi ce

consists of _nore than on | enent indl | y connected by el astic nenbers.
17. Device é@&)@?t&?ﬁvgm%“&ﬁ%ﬁ%‘ﬁ m%’ﬁkégrrg@t@ri sed by the fact that the said

el ement includes dianetrically connected elastic nenbers (10). 18. Device

according to claim17 characterised. by the b atcohdists 8Nsb&tadf nore
than onel®Dewispaceerding H/CI?:‘B’nﬁre‘éllaéaateﬁ%edetF}atg{a ?{t‘i fenber s lS( 10). 19. Device

according t Qclaig: hxalpsdaaiecd sathsty meibers 6. that the said el ement is
equi pped witﬁl means runni ng through the nyocardial wall for attaching it.
20. Device according to claim1l characterised by the fact that the device

(6, 7 and %)ng S e &Qﬁa?ing%egamd f hetarddRtibdde 5P tstaer ehacbompidi déraeht vid t h t he
open ri ng/1 jand I tse runni ng through the iaﬁgi caﬁlnfesst Ofﬁné he muscul ar wal |
and the | unciiippedowitli means ingningtthrgueiyibe ypeardiphd IRELETES 21, Devi ce

according to claiml characterised by the fact that any conponent of the

devi ce nust be characterized by radi oopacity_ by means of infrinsi.
r adi oopaciz0yDekce dcbedmptiecim | whesacternsd By R tger 3et"h°§ (é’c%??cf nlgof

radi copaque a%lpﬁcg?e%t %Vitil nas ixga%trésrs] €uture accomplished with the open ring/band itself
running through the thickness of the muscular wall and the junction of the tips at a

predetermined measure.

21. Device according to claim 1 characterised by the fact that any component of the
device must be characterized by radioopacity by means of intrinsic radioopacity of

the material used (metal spring) or the addition of radioopaque elements inside the

elastic material or the coverage material.

22. Device according to claim 1 characterised by the fact that the said device is capable

of ceding elastic energy during the systolic phase.

23. Device according to claim 1 characterised by the fact that the said device is
provided with one or more radially elastic elements positioned along different
planes of the ventricular axis and transversally deformable in such a way as to adjust
to the geometry of the said ventricle: the said elements expanding under the action

of endoventricular pressure in accordance with claims 12, 13 and 14.



elastic material or the coverage material. 22. Device according to claim1l
characterised by the fact that the said device is capable of ceding

el astic ener during the systolic phase. 23. Device acc | ai m |
char act ewpé’é/gglﬁﬁy the fact that the sql d device is provi ?Cﬂj/ﬂglt/@?oﬁe or
nore radially elastic elenents positi dned al ong different planes of the
ventricular axis and transversally deformable in such a way as to adj ust
to the geonetry of the said ventricle; the said el ements expandi ng under
the action of endoventricular pressure in accordance with clains 12, 13
and 14. [,78625 RCL/ LTOL{ 001 3f adéiséd byDaii &6t aneahelisad ddviceliai m 1
char act ey\% 5’6 ?Cﬁordfxgcfo Q%gl? t he zéal 5 device is rov ded, of mar e t han
one radial | ypresl'msitcbf(rncﬁleehlmrnn,e rediallyedastiel clemanta FORPeER S ?é%‘dé?rl By |inear
el astic mempers; said el e 8 RAS pdspiaet ab@gwlﬁdﬂeﬁtf@ﬁ:eﬁlt pl anes
of the vent riciEde rL?‘fx‘ éneglr?arsa%%a%ﬁ el?egﬁ or rrag%lée in such a way as Hlo adj ust
to the geongtthy veftrithle Sai dnd exibliy d¢ferm2tbl¢ems%ﬂcb SeWéYréﬁt‘% a@w}%}aﬁ?d fig under
t he action of endove tri.cul ar. pr ssur QL ARG et PheChRibA®r12, 13
and 14 and #TBING é c g tvrﬁf“ﬁﬁfi on Oeele strgssﬂ%n the vol ume of the
ventricle by.aBagicafar phessaiid addortmaafe weh aktithe 1ehbards 14 and allowing a

distribution of wall stress in the volume of the ventricle by means of the said linear

elastic members.



