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Intravascul ar~-Dilatation Inplant with a Deflector

The present invention relates to an intravascul ar i npl ant permtting
radial dilatation of the arterial walls. These inplants or dilatators

are knoyy es/sskents” in the field ~of translum nal angiopissdoo94s
Transl um nal angi opl asty consi sts 5 in treating diseased regions of

the arterial systemby the i ntroduction of apparatus, particularly
cat heters, along natural routes. This permts localized intervention
wi t hout having to have recourse to conventional surgical

i nterventions which have, because of their seriousness, nunerous
drawbacks for the 10 patients. This technique is particularly used when
a constric- tion or stenosis of the arteries is diagnosed. There is
t hen i ntroduced through the fenoral artery a catheter provided at its
distal end with an inflatable angioplasty balloon. This catheter IS
then pushed and guided, with radi oscopic nonitoring, through 15 t he
arterial systeFnrEBavReculazabédatagion é@ﬂﬂﬁPQyﬁkﬁkﬁa Defdector  this-
region is reached, the balloon is inflated to dilate the constricted
region of the artery. This operation is repeated until it is.

determned, with the help of the radi oscopic 1 nnnitorigﬁlneans, t.hat
the artery again has a 3'5%@?% fryeitlon el ates e et ah &

bl ood fﬁ%&iangheégrth%E%S”tkg %agomgyfétation of the arterial walls.

These implants or dilatators are known as "stents" in the field
of transluminal angioplasty. Transluminal angioplasty consists
5 in treating diseased regions of the arterial system by the
introduction of apparatus, particularly catheters, along natural
routeé. This permits localized intervention without having to
have recourse to conventional surgical interventioﬁs which have,
because of their seriousness, numerous drawbacks for the
10 patients. This technique is particularly used when a constric-
tion or stenosis of.the arteries is diagnosed. There is then
introduced through the femoral artery a catheter provided at its
distal end with an inflatable angioplasty ballopn. This catheter
is then pushed and guided, with radioscopic monitoring, through
15 the arterial system to the diseased region of the artery. Once
this region is reached, the balloon is inflated to dilate the
constricted region of the artery. This operation is repeated
until it is determined, with the help of the radioscopic
monitoring means, that the artery again has a diameter sufficient

20 to ensure an acceptable blood flow. These-interventions however



have ceftain drawbacks.- Thus, clinical observations show that in
about a third.of the cases treated the artery again retracts over a
period of time conprised between sever al days and several nont hs.
Thi s phenonenon, which is called "restenosis”, requires 5 a new
intervention in the diseased artery either by the sanme met hod, or by
nore serious surgical techniques. In an effort to
solve this problem it has been proposed to inplant permanently in
the artewp dgl/aatoars or "stents" to avoid repeated coow/EEd8/00948
These inplants usually 10 have a tubul ar structure open at its ends so
as not to disturb the bl ood flow. These devices, independently of

t heir pahtveukartain draWbamk$reSTh@enechhhychavebsbevhmﬁbnwiBgow that
characteristics: they are radially extensible froma first dianeter,
permitti fg aheiit a thirdi ofrobectdises ittentdd, dthergrivgih aded rhelep refcts
catheter, to a 15 second |arger dianeter corresponding

subst ant paerya peripfeof time mm@dd&etwars@r@raﬁfd@rs dindasgviema lof
the artery, they are implanted in this latter and bear against the

i nt er nal "@@Ehsof This pheRemgpreBr yWhiglrkh\ChrRRNNafFenfpis e dwaniiags
action, a new constriction of _the artery. Once jnplanted, these

stefits hav@ewolnterverkign, inedhg a‘ﬁh%e%%eﬁia&l%ler@orﬁ)‘rté&q oRY ahBet Ka&e
mai nt ai n t arter en whil st pe tti bl ood flow. In practice,
stents ggc’dof Qtrvu? dlr'ﬂ%ere% e?%ﬁiwt??e BTLEHt.  The first are
deforned by inflation of._a hall durin he| enpl h

second stents are so- caﬁ Ihu %Pex 5%3|%? aufs® exFenS|% Jas ?een

e ety pael pelapien 5 o0 0w i cors o
2 "stents" to avoid repeated contraction. These implants usually
10 have a tubular structure open at its ends so as not to disturb
the blood flow. These devices, independently of their particular
structures, generally have the following characteristics: they

are radially extensible from a first diameter, permitting their
introduction into the artery with the help of a catheter, to a

15 second larger diameter corresponding substantially to the
diameter of the artery. After dilatation of the artery, they are
implanted in this latter and bear against the internal wall of

the artery, thereby preventing, by a mechanical action, a new
constriction of the artery. Once implanted, these stents have

20 a certain resistance to radial compression and thus maintain the
artery open whilst permitting blood flow. In practice, stents

of th different types are used at present. The first are
deformed by inflation of a balloon during their emplacement; the

second stents are so-called auto-extensible. 'The auto-extensible

25 stents do not require external mechanical action to pass from a

first diameter during introduction, to a second larger diameter



in the Service position. This effect is obtained either by the use
of material having a shape menory, such as Nitinol (trade- mar k), or
by a spring effect. There has al so been proposed, for exanpl e by

Eur opean patent EP-433 011 Bl, a stent which conprises 5 a radioactive
| sot ope which tends to decrease the phenonenon of restenosis by
radi ot herapy. In other enbodinents, the surface of the stent, in
contact with the internal wall of the artery or t he vessel, has a
sui t abl ewsurfsgc85a%at ment permtting the | ocal di st rPODYIBH8HD0948
antit hronbogenetic chem cal substances. 10 These devi ces,
al t hough having contributed to the decrease in the rate of

r est enosiig, thay samiiad pelsddsiamot Thtis lgffect is staithadhee ity doy thhus
there is seen, in about 22% of the '~ cases treated by angioplasty and
t he i npl aseadfomagfeniak dmving a shapej menerveasuictn ashidit insdlds(txade-

i ncrease the thickness of the 15 internal layer of the artery. | f
thi s phef§¥#non 9t byod spring sffierfi zcBhare kantaheesteen iproresd, ther
artery becones pl ugged agai n. _ The present

i nvent i ofX AP Lo Py ggregféetpﬁent EP-433 &icdofd -t ReSHRRADARKER RATIR HRE

ot at o o erifertie il ebe Whisk rand RS e tRA ik e R ol
of such FABAAEAE BV radiqrh s notungbed PRREHreRTS 5ichi i fcE
nterfaced Rranseene b BN OE: A PLAOBYCEIELrnEL NALLY, of hed YEILEP LAl SO
as for 5 I'ts Obj €ct "a process permtting e I ncrease Ol shear” stress

gt tHGeb8¥l, Ahs!d& AdMIAkubce crliemihenbe2nEREHhB9chO 1diea1

distribution of antithrombogenetic chemical substances.

10 These devices, although having contributed to the
decrease in the rate of restenosis, hav_e nevertheless not totally
solved the problem. Thus there is seen, in about 22% of the
cases treated by angioplasty and the implantation of a stent, a
tissue reaction which leads to increase the thickness of the

15 internal layer of the artery. If this phenomenon is not
stabilized and continues to increase, the artery becomes plugged
again. |

The present invention has for its object to
overcome the drawbacks mentioned above, by providing a dilatation

20 implant promoting the decrease in the rate of restenosis, in
particular by its action on the internal wall of artery. Another
object of the invention consists in the use of such a device to
increase the shear stress at the blood/wall interface in an
artery or a blood vessel. Finally, the invention also has for

25 its object a process permitting the increase of shear stress at

the level of the arterial wall. The stent according to the



present “invention_ is distinguished for this purpose by the

characteristi.es defined in claim1. C her advant ages wi |l | appear from
t he description which follows and fromthe dependent clains.

The invention will now be described with reference 5 to the

acconpanyi ng draw ngs, which show schematically and by way of _
non-limting exanple, one enbodi nent of an intravascul ar stent

according to the invention. Figure 1 is a schematic
vi ew showong@st/ise5o9ofi |l e of the speeds in an artery w PODAIBS8/00948
i mplant. 10 Figure 2 is a schematic view show ng the
profile of speeds in an artery having at its center a flow deflector.
Fi gure 3piresesngr aphvehtuehr ais ndiskéngslished for thist ipwdposieeabyashe
function of the dinmensions of the deflector relative to the

di mensi ogbagkctisx igttiqrsydefiged in claim 1. Othefj gdvangagssawsl Heappeay of
a stent according to ~ the present invention. _

Fi gure 5fremghhendesreipbiopHenkele fioldifym and from thpgderendent claims.
Scientific studies, confirmed by critical gbservatjons, have
shown that restenosis iShg tRVEDBFaEnBiEL now becQFFSGF&PeSr‘dlLF]Pé?ea‘tefrcﬁPCcﬁ

the_intimal {issue, called | ti nal | asia. The chanlsms of
(i reattl bhe sRecompamyiny Jgﬁwmgsr o B W SoRBYSRY AY | s
certain t

Coneti 1 upohoh L RABERE example ! ik RroelitEl o pre b R AR AR s

?F]t :a:r;[ifarl %|C0rdlf19’ QNS ans ot idy has been dzt ermned in aninmals that

Figure 1 is a schematic view showing the profile
of the speeds in an artery without an implant.
10 Figure 2 is a schematic view showing the profile
of.speeds in an artery having at its center a flow deflector.
Figure 3 is a graph illustrating the relative
intimal shear as a function of the dimensions of the deflector
relative to the aimensions of the artery.
15 Figure 4 is a side view of a stent according to
the present invention.
Figure 5 is an end view of the stent shown -in
Figure 4.
Scientific studiés, confirmed by <critical
20 observationg, have shown that restenosis is attributed to a
cellular proliferation of the intimal tissue,_calléd intimal
hyperplasia. The mechanisms of this reaction are not entirely
understood at present. However, it is certain that the preven-
tion or reduction of intimal hyperplasia constitutes a key
25 element in the success of the treatment of stenosis or arterial

occlusions. It has been determined in animals that intimal



hyperplasia is reduced when the blood flowis high in the vessel in
question. On.the other hand, when this flowrate is |ow, the i nti mal
| ayer increases. The sanme determ nation has been nade by
cardi ol ogi sts and radi ol ogi sts, who have observed that 5 foll ow ng an
angi opl asty, the stents remain open if the flowrate i's high and
that they have the tendency to plug in the presence of a | ow bl ood
flowrate. There exists as a result a certain rel ati onshi p between
the bl oogbféonsgsdbe and i ntimal hyperpl asia. Thi's fagbm/ggggvmm@qed
by several medical studies which tend to 10 show t hat inti mal
hyperpl asia is not a pathol ogi cal process, but rat her an adaptive
responsehyppetrhraateiy nedtbed wassel thvdhilellood flow riembdejhs int sakfvessas to
maintain or to restore the opti num | evel of shear stress at the
wal | . in question. On the Titheadsagh ofhdi ddd s flow aetter ysclewt eshéy
15 friction forces on the internal wall of the artery. Wen the
fI ow r atEntimal ghayehe iskegnses:es Jde @amehi ¢t ermimat sonohae| bagn made
cells of the artery wall. These forces are on the contrary | ow
the presericeardiolonbstsi antht Tadielogists, novhsoydavienomkserved t:hat: t he
shear stress at the internal wall is directly propor- 20 tional to the
flow (Q %Joo‘vh%rs%ﬁnweﬂﬂcﬁ%%n& & §tEREScHBRasR open if (hhe ALowr rare
dlaneter res fromthis that when.the erfusjon flowrate
detfe % 438 h

is |ow, %%t?h%? Ay bsFaeY eB3¥esthRetendencyyfgnR 6P FR& BFEEFYCSo as
h I f t \ . I t

bersist L ch TPRORIGPS AR et TRAFRI SHEELH RS rbrieT bher CFFRLY

cannot B 1£E2LA0hL BNGCHANL the 106" EIBY FAPERIFINR 151" hPHERp1 L8241 N

finally 10 resténosrts
This fact is confirmed by several medical studies which tend to

10 show that intimal hyperplasia is not a pathological process, but
rather an adaptive response of the artery or the vessel which
remodels itself so as to maintain or to restore the optimum level
of shear stress at the wall.

The passage of blood in an artéry creates by

15 friction forces on the internal wall of the artery.. When the
flow rate is high, the shear stresses are high on the endothelial
cells of the artery wall. These forces are on the contrary low
in the oresence of an insufficient flow. It is moreover known
that the shear stress at the internal wéll is directly propor-

20 tional to the flow (Q) and inversely proportional to the cube of
the arterial diameter. It results from this that when the
perfusion flow rate is low, intimal hyperplasia reduces the
diameter of the artery so as to restore the normal value of the
stress. If a low flow rate persists, -or if progressively

25 diminishes, the normal shear stress cannot bé reestablished and

intimal hyperplasia continues, leading finally to restenosis.



On the contrary, _if the flowis sufficient to reestablish a stress

| evel equal or even superior to the nornmal stress, intimal

hyperpl asia stops and the artery remains permanently open.

It results fromthe above determ nations that to 5 stop and bl ock
intimal hyperplasia, it is necessary to increase | ocal |y the shear .
stress at the wall, particularly when the flow rate is low. The
object of the invention is particularly to permt a substantial

| ocal inwoeasgs58699he shear stress at the wall. 10 PCT/IB98/00948
G ven that the blood flow rate cannot be increased | ocal |y, because
it is automatically controlled by the organi sm t hrough resi stances
whi ch co@st itthet ecohbrpeyi pHet atheefdows ig t sufficiens fexessapyahsiahrasult
to decrease locally the open cross- ] section of the artery such that
t he val uetoesshbevhdaequdt 2B eien gyperips heteRepovpdl Stkeshsdatimaty
this end, it is proposed to position and to maintain jn position,

pr ef er abNyPEEPLRSiGeftops and- the eREeIM &gfalns |IRAUFIARERE BORPSHi ch wi | |
act as a deflector of the blood flow on the arterial wall. '[{ﬂs fl ow
defl ector will t hd$ FESHLESs dEoMa ftieaPRPVien SeEET HPATENT e Shear
stresses 20 n.the. endophillial cells. . Fi.qur.e 1 shows schematically the
profi To BFOBpBs Bl Chn SORRBR) BYPERBIGE Ay er] L oFPEGRs S b e case
same profil f e e o] 1 vl | cal IS
di sposedigfgg‘gé’ ggl%t gfﬁe%? ?Egeé%t%\er ;ﬂfﬁ%ﬁ%ﬂ ef Ilg%:ﬁtg%@‘imﬂ;%%q Itg%:et ?’Iqﬁg

| i nes of Wi raghal di i LAt . | ¥ ectil :

arterial ré/légl slég %gng I egi]j'% t%g%eeég;ér ecgl?eFﬂreag'?ﬁe%ﬁ:lorg %%aﬁ:agﬁtleggéggge&o

gdjacentpégﬁi%65|%d%éyéﬂéﬁéf”fégéi HEEAUSEe of the shear stress at the
wall. | '

10 . Given that the blood flow rate cannot be increased
locally, because it is automatically controlled by the organism
through resistances which constitute the peripheral vessels, it
.is necessary as a result to decrease locaily the open cross-
section of the artery such that the value of the shear stress on

15 the arterial wall increases. To this end, it is proposed to

~position and to maintain in position, preferably at the center
of the artery, at least one body which will act as a deflector
of the blood flow on the arterial wall. This flow deflector will
- thus permit substantially increasing locally the shear stresses

20 on the endophilial cells. Figure 1 shows schematically the
profile of speeds in an artery of radius r,. Figure 2 shows the
same profile of speeds when a flow detector 1 of cylindrical

| shape is disposed at the center of the artery. The deflector 1
deflects the lines of flow in the radial direction in the

25 direction of the arterial walls 2 and leads to a greater radial

gradient of speed adjacent the walls 2 of the artery. Because



of this:

[err]

then by 10
speed WO 9BA38%Hati on
cal cul ated by sinple integration

7

10

t he shear stress at the bl ood/ wall

t he Navi er- St okes equation al ong the
[err] 5 uis the axial speed,

deriving,
[err]
[err]

| interface is
Wth reference to Figure 2, and given the hypothesis

evol ut e,
symmetry is:
[err] the blood viscosity. .. By double integration,
By applying the limt conditions u(r=r[err]) =
there is obtained the final
The flow rate Q can RAIHSS8/00948 .

I ncreased.
that the flowis
| ongi t udi nal axis of
P the pressure and

there is obtained
u(r=rferr]) =
expression for the

of this, the shear stress at the blood/wall interface is

increased. With reference to Figure 2, and given the hypothesis

that the flow is evolute, the Navier-Stokes equation along the

longitudinal axis of symmetry is:

u is the axial speed,
P the pressure and
u the blood viséosity.

By double integration, there is obtained

i 0P
ulr) = -Z;—a—;rz +¢;Inlr) +e,

1)

@

By applying the limit conditions uf(r=r,) = u(r=xr,) = 0, then by

deriving,
distribution
a) =208 2y nry ln(i
4p ox ° A kr,-
] N

there is obtained the final expression for the speed

(3

The flow rate Q can then be calculated by simple integration

- -

_ {2 _.2¥
@= f: u(r)(2nr)dr = --éLiJi AR -—-————("’ )

poel® f [r)
Inf 2
L n)

(4)

01



The shear stresses acting on the arterial wall T are given by

[err] - which by using equation 3 for u(r) becones (5)

Equation 6 can al so be expressed as a function of the flowrate Q by
usi ng equation 4 for the pressure gradient [err] 5 So as better
to appreciate the effect of the deflector 1 on the magni t ude of shear,
this latter is normalized by shear stresses under lamnal flow of the
Poi seuille type for the sane fl ow as in an open artery. For a flow of
the Poive88/%859%e, it is known that: [err] 10 PpClyaB® 8/ 03480 .

obtained the foll ow ng expression: [err]

The shear stresses acting on the arterial wall 7 are given by

ou -
T==*P§; which by using equation 3 for u(x) becomes {5)
1apP), 1 riP—r? ©
4 o ! .
ox 7, ln(g—)
s %

Equation 6 can also be expressed as a function of the flow rate

Q by using equation 4 for the pressure gradient

2 1r2-r? '
T = er' . Q - - z zro +__ l. 8 (7)
rh-rt -..._......__(r" h ) "o 1;-{:‘!.)
-] L r 5 ’} A
, In| = '
n
5 SO as better to appreciate the effect of the deflector 1 on the

magnitude of shear, this latter is normalized by shear stresses
under laminal flow of the Poiseuille type for the same flow as
in an open artery. For a flow of the Poiseuille type, it is

known that:

41 '
Trs =250 (8
10 There is also obtained the following expression:
1 r} ' R .
=E . zz 2"0‘*",:— (9)
N R N A




It is thus possible to define the ratio of the deflector/artery radii

as a paraneter [err], to refornulate equation 9 in a non-

di rensional form [err] The dependence of shear

relative to the paraneter 5 A is shown in Figure 3, in which there is

shown on the ordinate the relative intimal shear and on the abscissa

the rati o between the radius of the deflector and the radius of the

artery. Taking for exanple a cylindrical deflector whose radius

corresppydgsygssgg about one-third the radius of the artesyp/ig¥s 06448

shear is 10 I ncreased at the wall by a factor of 2. If as in the

exanpl e ment i oned above, the ratio between the radius of the

deflectpe is thuangokBablef tbhaeZiher ¥hies rafeot bifr €het Be faechasy apteuyi ed

by the defl ector represents only about 11% of the cross-section of

t he radiiit&é}’aapdraﬁéeércozsyigttﬁs @iormulag igilteisres starcace 15

bl ood flow, according to fluid neghanics. Thanks to

t he predemeasobnalcyloradri cal body at the center of the artery,

giving rise to a deflectjon of the bl ood flow, the shear stress at

the wall is significaatlyTlocally i ncreased. This body, by reason of

-its dinmensionsg, does n®&In(PD . greatly decrease the blood fl oYY.0)

Figure 4 sho@& a possi blﬁ—e‘Y odi nent from anong nuner ous variants, of
IQFEEQE .

a stent accor di*ng 1t_oytx he nt invention.
9

ln—l-

Y
The dependence of shear relative to the parameter
5 A is shown in Figure 3, in which there is shown on the ordinate
the relative intimal shear and on the abscissa the ratio between
the radius of the deflector and the radius of the artery. Taking
for example a cylindrical deflector whose radius corresponds to
about one-third the radius of the artery, the intimal shear is
10  increased at the wall by a factor.éf 2. If as in the example
mentioned above, the ratio between the radius of the deflector
and that of the artery is one-third, the surface occupied by the
deflector represents only about 11% of the cross-section of the
artery and hence constitutes only a negligible resistance to
15 blood flow, acdording to fluid mechanics.

Thanks -to the presence of a cylindrical body at
the center of the artery, giving rise to a deflection of the
blood flow, the shear stress at the wall is significantly locally
increased. This body, by reason of its dimensions, does not

20 greatly decrease the blood flow.
Figure 4 shows a possible embodiment from among

numerous variants, of a stent according to the present invention.



This stent is in place in an artery or a vessel whose wall 2 has been
schematically. shown. It conprises a central portion 3 which fulfills
the function of a flow deflector. This deflector 3 is made of a coil
spring whose turns touch, in which each turnis 5 connected to the

adj acent turn for exanple by |aser soldering. The sol der points 6 are
distributed along a spiral extending over all the length of the
spring. Because of this, the deflector cannot deform al ong the

| ongi t udimealo sxwies AUt nevert hel ess retains a certain fPER/EBPBYQ0948
which facilitates its travel 10 toward the region to be treated. At
the two ends of the deflector 3, as well as at one or several points
di stri buffedsoséent is intplhaeagih, arnatrtexsyienld vesgel sehaseewrid 2 Heas
central deflector 3. These spirals 4 are radially _expansible froma
first di esneschematigallaspbating pFosBniaas ¢ c6ntKeLPaFEien i
deflector 3, 15 to a second |arger dianmeter correspondi o0 the .

di amet er foflfidds the fynchipn ofn@ fdowndelfdainr - | %ﬁaé&# TeChodi 1T on,
on the internal, walls, 2 of, the artery, and, have the sane chani cal
action offeGfe Amid R AREHT P SQULBERRt EREFBY e 15t é‘&’tlsCﬁq ﬁiae(gg turn 1s
spirals 4, once in contact with the artecrial wall I.ntal h .

def Pect orcoémieﬁ%a?d?é:rﬂ re]‘—r}bed?) F995h TRTY hgogr SATPARd vo]'?a(}g]?%e&l&grmg'
latter from 1.0g | ontact w £ h | ar : t . rier
Wth'ref dringa paebgl 8 S dfardniE SLALdRly Uoabs8a1! Ofcending SLETY

center Ofaltlheté-%efjf%gé% 3f Iﬁksfhg"ig@.umé@éa@@ésagethis,25thré AWf Chetor

ext ends over ngth o lector 3, permts nmounting the
stent at 4heRndarkcan anghep! atey) tahBeLRIAIRAIR axis MBLEe MV &erhdless

facilitate its enplacenent in the treafed vessel. :
10 retains a certain flexibility, which facilitates its travel
10 toward the i'egion to be treated. At the two ends of the
deflector 3, as well as at one or several points distributed over
its length, small spirals 4 are soldered to the central deflector
3. These spirals 4 are radially ex_pansible from a first diameter
corresponding approximately to the diameter of the deflector 3,
15 to a second larger diameter correspoﬁding to the diameter of the
artery. The spirals 4 bear, in the service position, on the
iﬁternal .walls 2 of the artery and have the same mechanical
action on the wall as conventional auto-extensible stents. These
spirals 4, once in contact with the arterial wall, maintain the
20 | deflector 3 in a centered position in the artery and avoid the
latter from coming into contact with the annular wall of the
artery. With reference to Figure 5, there will be seen a passa_ge
5 at the center of the deflector 3. This longitudinal passage
5, which extends over all the length of the deflector 3, permits

25 mounting the stent at the end of an angioplasty catheter on a

wire guide to facilitate its emplacement in the treated vessel.

10



For the' production of the spirals 4, there is preferably used a
materi al which can be pre-stressed at a certain tenperature and whi ch
resunes its original shape at a higher tenperature. N ckel and
titani um base all oys such as Nitinol (trademark) are 5 perfectly adapted
for the production of the spirals 4. Thus, during fabrication of the
stent, the spirals 4 are cooled and hence becone very nall eabl e.
They are then wound about the defl ector 3. The stent is then enpl aced
in a catWet 88/5B&OiNg the enpl acement of the stent, afREH/ RPfERI4HE
the catheter from 10 the stent, the spirals 4 reheat in contact with the
bl ood and deploy radially to cone_into contact, with the bl ood vessel
wal | .  For thefprpdustipm oft kbe RRIWALEelnnitdieee iif Mefgrad Yorsss 6
extensi ble stents can_be used. The central_ deflector 3 can also éﬁﬁf
efgture ral

present MAteKéafomieh §8K BScPrEngEressSto@F B SR itarP

whi oh cahhashy ReSkRes Hhy Belakive stenr at & hidher, berfbrt B LR o
dof | cct oPTS af bpBAEbI RSPy SLL0YS P9yl 3 (e ReL of | SRVAE s &S ed
oot ELch A 25 OB PRSP Son et possii 1o

| nter conpgetRl, Fullr SUATRLE of the LEEAE IRMLUPIaphr aNded dochled sl {S

of an isoscel riangl e as nét to turb the blood flowin the
Veg.se' 0 enge be dife A4k y1mélh.%a%(jl."é.” ke Sl getedrad aibendehnean e
radi us o

the defleCtor 3 and that of “the artery, lying between 0.1
and def@eBr o f er aley Redt 1@ RHRM A deaNti CE AtinkE dr0. t Mg ent
the emplacement of the stent, after separating the catheter from
-10 the stent, the sbirals 4 reheat in contact with the blood and
deploy radially to come into contact with the blcod vessel wall.
It follows that other known techniques in the field of auto-
extensible stents can be used. The central deflector 3 can also
be present in the form of solid cylindrical body provided with
15 a central longitudinal bore, or be constituted by a hollow
.cylindrical body which. can as the case may be serve as a
reservoir for a substance to be administered in situ. Other
modified embodiments of the deflector 3 are possible, in
particular the use of several assembled elements.such as a double
20 spring for example. It is also possible to provide several flow
deflectors 3 of smaller diameter and interconnected, for example
three deflectors arranged at the summits of an isosceles
triangle. So as not to disturb the blood flow in the vessel or
the artery, there will be selected a ratio. between the radius of
25 the deflector 3 and that of the artery, lying between 0.1 and

0.8, preferably 0.3. To produce a stent according to the present

11



i nvention, there will preferably be used blologlcally conpati bl e

material such.as Nitinol (trademark) or stainless steel. It wll be
noted that certain copper alloys can al so be envi saged usi ng a
suitable surface treatnent, for exanple a polyester or TEFLON 5
(trademark) coating. To mnimze the phenonmenon of

I ntimal hyperpl asi a, as has been nentioned in the introductory
portion of the description, there is envisaged a |ocal therapeutic
action ewex8/58599 by surface treatnment permitting | ocal di BEF/EBEBAAOSES
~an anti- 10 restenosi s substance, or by radiotherapy. These techniques
can easily be applied to the stent according to the present inven-
tion. |t itrwesntsigdn, crér@neowmldvpyefargblvabeeugﬁdfl%@l%m tcompatikket he
spirals 4 in contact with the arterial wal]. cumul ative effect
of an i ndderddlh sdnassVibinal HErademawsk) °4§ta1r}3§§%§§e@&nbl hed'itth a
radlotherapeutlc or, chem cal ]y therape action. It will be, noted

that not ¥nInPkatk that |Cfﬁf”st§j’rri éiﬁﬂl%ﬁlp Lilo}f% ‘Eﬁfht%?c?o W RS9 rv S "Shal |

can have sui t.abl surf tre but so the defl ector

It is eviddMitabke (FF QSRR g{%ft a gk %%?t‘?’ﬁv%ﬂtf%%r‘%%n
have. ot he %§ﬁ$ fhe essenti al character- Istic remaining in the
presence %ﬁ#ckﬁ?%ﬁ&?ﬁ i ncreasing the shear stress at the

internal wall of the art,&gé%ﬁirl 1@.% Pre phen?m%ter%qs iﬁtgggitﬂ}g%%tlgggﬁ

artery, preferably centere

stent couyd have HAe Oﬁlgheg.oﬁedz%.n dHEP ULl RRAERRFN Bortli®nt V\gfengﬁeand

COFTDI'I SI ng at 1ts cente
description, there is envisaged a local therapeutic action elther

by surface treatment permitting local distribution of an anti-

10 restenosis substance, or by radiotherapy. These technigues can

easily be applied to the stent according to the present inven-

tion. It thus suffices to provide a suitable surface treatment

of the spirals 4 in contact with the arterial wall. The

cumulative effect of an increase in shear stresses-at the wall

15 is thus combined-with a radiotherapeutic or chemically therapeu-

tic action. It will be noted that not only the portions directly

in contact with the arterial wall can have suitable surface
treatment, but also the deflector 3.

It is evident that the st‘e'nt' according to the

20 . present invention can have other shapes, the essential character-

istic remaini.ng in the presence of a flow deflector increasing

the shear stress at the internal wall of the artery and main-

tained in position in the artery, preferably centered in this

latter. In particular, the stent could have the form of a

25 tubular body open at its two ends and comprising at its center

12



a cylindrical body connected in a flexible nmanner to the external

t ubul ar body... In certain cases, it is not desired to
| eave t he stent permanently in the artery. To this end, certain
stents are 5 made of bi odegradable materials. These materials can of
course be used to nmake a stent according to the present invention.
The process which permts locally increasing the shear stress at the
wal | of a vessel or an artery conprises the foll ow ng steps. There
is introvwoced/siss®sa catheter and a wire 10 guide an int rRUBATRY /06948t
of the type described above to the di seased region of the artery to
be treated. During the passage of the stent through the arterial
system eheyliatrécahabody connectidiin & fappiblienmeangri derthe #ixtarndat

of the catheter. The stent is then enplaced by Separating this

| atter fitovputliegs bIOBlY. catheter; during this operation, the spirals 4 of the
st ent extend radi ally and bear against the internal_ wall of the
artery. Final |y tHe contrétecasesy tifdddviot masined biq d sfisiche

It will further be noted that the stent which_is t he, obj ect of the
present SYE&T PEATRECESLY £8 ProRideRhd dnth36 enge %%E‘R%b%oé‘?ﬁ‘ﬁls fFre

cat heter, such that

13 5 made of blod!etgriasda ilree(r:r;[alt%rlisaﬁ.t.)sl 'e l%)flese maté[rr}.ealpg acCaFIjx. toi urse
be used to make a stent according to the present invention.

The process which permits locally increasing the
shear stress at the wall of a vessel or an artery comprises the
following steps. There is introduced with a catheter and a wire

10 guide an intravascular stent of the type described above to the
diseased region of the artery to be treated. During the passage
of the stenﬁ through the arterial system, this létter has a
diameter approximateiy identical to that of the catheter. The
stent is then emplaced by separating this latter from the

15 catheter; during this operation, the spirals 4 of the stent
extend radially and bear againét the interﬁal wall of the artery.
Finally the catheter is withdrawn, then the wire guide.

It will further be noted that the stent which is
the object of the present inVention ig easy to produce and can

20 be packaged with' a catheter, such that it is directly usablé by

the practitioner.
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CLAI M5 - 1. Stent adapted to be introduced into an

artery or - i a bl ood vessel, characterized in that it conprises at
| east one flow deflector (3) permitting deflecting the lines of
current radially in the direction of the arterial walls, 5 t her eby
giving rise to a greater radmllul IMLmuﬂnt adj acent the
arterial walls (2) which loc shear stress on
the internal wall of the artery 2) and in that the flow
def | ect ofo(83/685ppovi ded with hol di ng neans (4) HOTIBER A00 948
service position against the internal wall of 10 t he vessel (2),
said neans (4) preventing the deflector (3) fromcomng into
contact with the internal wall of the vessel (2) and having a
mechani cal action to support the arterial owal .
2. Stent according to claiml, characterized in that the ratio
bet ween the radius of the deflector and the radius of the artery
is conprised between 0.1 and 0. 8, preferably 0. 3.
3. Stent according to one of the preceding clains, characterized
in that the flow deflector (3) or deflectors have a generally
cylindrical shape. _ _ 1

CLAIMS

1. Stent adapted to be introduced into an artery
or a blood vessel, characterized in that it.comprises at least
one flow deflector (3) provided with holding means (4) bearing
in the service positioh against the internal surface of the

5 vessel (2), said means (4) preventing the deflector (3) - from
coming into contact with the internal wall of the vessel (2) and

having a mechanical action to support the arterial wall.

2. Stent according to claim 1, characterized in
that the ratio between the radius of the deflector and the radius

of the artery is comprised between 0.1 and 0.8, preferably 0.3.

3. Stent according to one of the preceding"
claims, characterized in that the flow deflector (3) or deflec-

tors have a generally cylindrical shape.

4. Stent according to one .of the preceding
claims, characterized in that the deflector (3) is constituted
by a spring rolled turn by turn in which each turn is connected
to the following by a solder point (6) and in that the holding

5 means are constituted by at least two flexible radially extensi-
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4. Stent according to one of the preceding clains, __characterized

in‘that the deflector (3) is constituted by a —spring rolled turn
by turn in which each turn is connected to mlaﬂunmmjnmmv“ﬂmt

sol der point (6) and in that the holding 5 ed by
at least two flexible radially ext ensi bl e ¢pifalk (4) ‘connect ed
to the deflector (3) at one of their ends.

5. Stent according to claim4, characterized in t hat the-sol der
poi nts (@&p asgs5®a%nNged in a spiral extending OVEPCBIIB98£00948
| ength of the deflector (3). 6. Stent according to
one of the preceding clains, characterized in that it conprises
a plural bilg sfpiradisal (4) connected twxtehsi Beélepipal d3(04ptcomeectfedhearizt he
defl ector (3) and distributed at regular intervals along the

| ongi tudendis.axis 5 of the deflector (3). . 7.
Stent according to one of the preceding clains, characterized in

that it is made of a nmateri aI havi ng shape menory. , )
8. Stent accor di ng to orfe ofStE MW daidkgim 4, charactggiaed di zed
radi gactive. i sotop effecti ve to rcfduce

I n that i?co sesc? 3 1

intimal FRypE Phfer hBOAPEE! (&) RS . arranged in a° spira et
accordi ng to on cl.ai 1t aracterized by the fact
that the ?’5&5‘ ‘iy r%%?%%ﬁéieflecmr H])n‘eans (4) and/or the
deflector 3 have a spemflc surface treatnment or are constituted
of a biologically active mat e§t1_e§llt according to one of the preceding 2

claims, characterized in that it comprises a plurality of
radially extensible spirals (4) connected to the deflector (3)
and distributed at regular intervals along the longitudinal axis

5 of the deflector (3).

7. Stent according to one of the preceding
claims, characterized in that it is made of a material having

shape memory.

8. Stent according to one of the preceding
claims, characterized in that it comprises a radioactive isotope

effective to reduce intimal hyperplasia of the arterial wall.

9. Stent according to one of claims 1 to 6,
characterized by the fact that the radially extensible holding
means (4) and/or the deflector 3 have a specific surface

treatment or are constituted of a biologically active material

5 permitting the diffusion of a substance having an action on the
arterial wall. o
-
een Replaced

"I



5 - permtting the diffusion of a substance having an action on

the arterial wall" 10. Stent according to one of the
precedi ng cl ai ns, characterized int m‘““m) mﬂ (3) has a
central passage (5) extending over a“mm

11. Stent according to one of the preceding claims,¢

characterized in that it is nmade of a blodegradable mat eri al .

12. Process permtting increasing locally the shear stress at
the bl oogfovadgd/dg8eg face in an artery or a bl ood MEBAEB98/00948
characterized in that it conprises bringing by a natural route a
stent according to one of clains 1 to 10 to 5 the region to be
treated, with a catheterioenplstanty abeogtiény to one of atHedipaosredtioid ng
the catheter, thereby giving rise to the radi al extension of the
hol di ng ndamisng A) clodrabeedetédctior thd: the deflectww cli3 behnsagaigesttnaie
internal wall of the artery or the vessel, and w thdraw ng the
cat het er passage (5) extending ovex aikalkﬁak#ngﬁbtent according to one of
cl ai nms 1 to 10 to increase the shear stress at the bl ood/ wall
interface in an artery or_a bl ood vessel.

3 11. Stent according to one of the preceding

claims, characterized in that it is made of a biodegradable

material.

12, Process permitting increasing locally the
shear stress at the blood/wall interface in an artery or a blood
vessel, characterized in that iticomprises bringing by a natural
route a stent according to one of claims 1 to 10 to the region

5 to be treated, with a catheter; emplacing the stent and discon-
necting the catheter, thereby giving rise to the radial extension
of the holding means (4) of the deflector (3) which bear against
the internal wall of the artery or the vessel, and withdrawing

the catheter.

13. The use of a stent according to one of claims
1 to 10 to increase the shear stress at the blood/wall interface

in an artery or a blood vessel.
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