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mechani snms occurring during balloon inflation inc shear forces

appl i eddigsectipe (30864870 vabiri cosureraf the treated vessel (5%-12%), and restenosis. Thus,
when conventional angioplasty is used as a primary treatment for occluded vessels, restenosis
can occur in about 50% of the cases. Therefore, in the vast majority of coronary treatments,
20  angioplasty is used as an initial treatment followed by placement of a stents. Frequently, the
stents are coated with drug and polymer requiring the patient to take anti platelet therapy for
extended periods, possibly lifelong. to limit the risk of stent thrombosis or blood clots. Anti
platelet therapy increases the risk of bleeding and is expensive. In addition, patient must stop
the antiplatelet therapy before any surgical intervention, thus increasing the risk of sudden

25  death and often precluding beneficial procedures.

[0004] Dissections in blood vessels treated by balloon angioplasty are very common. The

dissection rate is estimated to be as high as 30% of all cases. Some of the dissections are

severe and may require urgent surgery or placement of additional stents. In addition,

dissection may contribute to poor long term clinical results and restenosis even if a stent is
30  placed in the treated lesion. Dissections are usually attributed to several mechanisms

occurring during balloon inflation including shear forces applied on the vessel walls as the
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l'um nal [G005¢ aod tiees taas@shit vodld/igsdslirabla td p@viiatim@rdvel ®aligorisaaa trefthtioAt
| east some of these objectives will be net by the invention, as descrlbed
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areas of compliance. It would be further desirable if the reduced dissections could also
reduce the risk of elastic recoil and abrupt reclosure which are associated with current

25  angioplasty balloons and their use. It would be further desired if such improved angioplasty

balloon structures were compatible with each of stents, drug-eluting stents, and drug coated
balloons. These advantages would preferably be obtained without loss of the ability of the
catheters to increase the luminal size and restore blood vessel in the patient being treated. At

least some of these objectives will be met by the invention as described hereinafter.

30  [0007] 2. Description of the Background Art. U.S. Patent Nos. 6,245,040 and

5,735,816, show balloon catheters having elastic spiral restraints which form spiral
indentations in the balloon when inflated. Other patents of interest include U.S. Patent Nos.

7,708,748; 7,686,824; 5,863,284; 5,772,681; 5,643,210; and 5,987,661.
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present invention conprises a device for angioplasty or dilatation of
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vessel having an uneven lesion geometry increases the probability of trauma and dissection.

In contrast, the balloon of this invention provides for a more localized but balanced force
distribution (e.g., as a result of the uniformly distributed protruding regions) along the length

of the disease even when the disease varies significantly in size over its length.

30  [0009] Inoneembodiment of this invention, the CS is situated over the deflated and folded
balloon and attached to a shaft of the catheter near a distal end of the balloon, near a proximal
end of the balloon, or preferably both. The CS does not have to be attached to the balloon
and can float over the folded balloon optionally having elastic covers at either or both ends

(e.g., covers made of polymer). Upon balloon inflation, the CS expands to its maximum



[ 0010] In one enbodi nent of the invention as the balloon inflates, both the
bal I oon and CS increase in dianeter. The CS maxi mal open di aneter, however,
is smal | evotzhamitseBl y i nflated 5 ball oon di aneter thus Ipalriusern1oem8: nues to
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ch e' AusBER Vst vk Huﬁﬁ%ﬂiﬂaﬁﬂﬁ £&%§Hn?€al1%%ha{el§§no‘%&‘ﬁo%§ﬂaﬁg§ e%?s d‘h the
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of conventional balloons.

[0012] In a first aspect, the present invention provides a system for performing angioplasty.
The system includes a catheter shaft having an inflatable balloon at its distal end and a

25  constraining structure disposed over the inflatable balloon. The constraining structure has a
non-expanded configuration where it lies closely over or within folds of the balloon prior to
inflation and an expanded configuration which is smaller than an unconstrained size of the
balloon (when fully inflated) so that the structure restrains the balloon inflation along a
plurality of crossing channel lines. By “crossing” channel lines, it is meant that the channels

30  will intersect at a plurality of locations so that the channels comprise an intersecting matrix of
interconnected channels. Individual channel lines may be oriented axially, circumferentially,
or preferably will include channel lines with both axial and circumferential orientations

where the axial channels intersect the circumferential channels. Alternatively, the channels



WO 2011/ 112863PCT/ US2011/ 027982 coul d be fornmed as two or nore counter
wound helical channels that intersect to form di anond-shaped protruding
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structure will conprise a plurality of circunferentially spaced-apart axi al
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described Th the patent literature. for exanple, US7, 750,041,

U52010/ oaddb2 ﬁ&medﬁﬁ]@a ohendy ¢kh§tlamatddslso 0.8h0E 6ROBHabI¢ palyfats ordhskikamsur es

gglﬁhi@@%{%&é}r}@% Nt ed her ! nthbeXpeEnes{b% Features w}\ﬁ(aq allow the ring to expand
when the balloon is inflated. The expandable features can be the same as with the axial
struts, including zig-zags, S-shaped curves, coils, and the like. In all cases, it is necessary

25  that the rings have an maximum diameter beyond which they will not further increase in size

as the balloon is inflated. When the rings are formed with expandable features, the maximum
ring expansion will occur when these features are fully elongated. If an elastomeric or other
material is used to form the rings, non-distensible tethers or other expansion limits can be

built into the rings so that they do not exceed their desired maximum diameter.

30 [0015] The balloons may also be coated or otherwise adapted to deliver drugs. Techniques
for coating balloons with drugs are well described in the patent literature. See, for example,

US7,750,041; US2010/02280228; US2010/O278744; and US2008/0102034, the full

disclosures of which are incorporated herein by reference.



[0016] In a second aspect, the present invention provides a nethod for
treating a lesion in a blood vessel. The nethod conprises inflating a

bal | oon wohorytibss3bl ood vessel where the balloon is comrstTrakned2B8ONg a
plurality of crossing channel lines, typically axial and/or circunferential
channel [0616¢s Inkisedonidrakgacs eélod prasght arvessoreprolides hetethobhfer tbatimged lesibn@sa

create S5nunbe f isolated protruding regions._in_t al l oon, where the
protr udgh’(jg MEFE +EhemriPad eoppises alaime il on Wéth%@ﬁﬁgaoawe%ﬁégwa?rs hecessed
avay fremddass \f@r?s%@ine&‘@i&n a PraaB8 i rosimeRfatealind g p %ﬁlk‘ﬁgﬂapﬁn&/&OUgh of

t he channel line will be p05|t|oned radially closef to the axis of the

cat het erir¢unalierdnsiak ﬁennedflinm whlcmntf%sc@ apfl crdse ehehl <l>tbcm Thlem:hmwlm@ssewe 1 he

bott ms_of . th not cqQ the |l e bl ood vess

' of heptekbat iSRG fisiting redPhs EIS PRleunBheE A BrotiRe Sreioir Shfss e

bei ng eXdsiondille thd ehmnalnRs Sramyeskéd dway ﬁ&n&ﬂ@vés@&'v@ﬂl MReBEdsed” Mbdrls@hat
providing the benefits of stress relief described above since the bottons

of the 8Sisdwemsongrqugh péﬂm qha@rpfé&lé@l wilh e apsitionaduadially closarip tchﬁeam @fdbe vessel
wall. [ Qagtl% tl:r t}hl?lsbcﬁe 1n d Su, Ilﬁ tgﬂ%mg%al R/ nbe[n‘fx}e{rg cagecsi feb &} 'h%t ensi bl e or
a n ted at rela

sem - conpli mat eri |ve y high

pressur efanntlpiillabt yoritatt tHeeleglam geblbb® mska wall. alhrmb@asesshdwevZdh at nospher es,
wi t hout over expanding within the bl ood vessel. Thus, both the ball oon

(whiEh nBwtignlaly pdien the) plagie arlaombrsis lbélinﬁleﬁﬁu@ﬁdr ﬁ@tc@?@l% ppy FAvE @RI num
di amet ef 10%386&&1%&9%'&9&81 $hd Uéde it fs{rﬁé 1ﬁe\aﬁb b Jn%eetﬂg Boﬂugné he
| or ne

maxi num |arreters nes t edet 0 anne ch are in the
bal | oonofthefchamel sThigl mmtrrspdcerdgadm@ymvsarmylfkomft}teebiodsrhvasﬂlwdl].ar sizes ( 50%
of area engaging the lesion) and will be 20 uniformy distributed over the

bal | oonj@HHf ace bENGoPHI 9BRAIITBY cHBp&SB AL h AN ANGERMIAST YormiWohipPiktht
subsequent stent delivery and/or drug delivery. Alternatively, the ball oons

may be uwsisdiaf sy themroamdlhwgnféatsd gelatively high prgssuotshtydically oot eahgstfem $0 and

unc ted stents.. Fj t he oons may..thensel yes, be coa dru
e L AR e SR e bt e R R R R A

treat e tHe. ballSoBR N 1IaITRERTHIONrdHhd tnsBRAMINGDCHPO HB hivedSaxitint 0 1C show

a cross-section of the stages of unw apping of conventional ball oon
i nfl at i Siguieteravherfstbadoen sdully sdlaead where theddffargpeqringbe mpaimuynpdiagmeiers B2

(o, 2B Qo FE R REPAE To Rl At LB Ryl “BedtbgiRY 055
i1 1 ustr adgiora villrosten dxenginalaysivésng SH04 o drea engalgizipethe haelolhb mgl wéppent s bet ween

adj acent axial struts are fornmed in_a zi pattern.

20140 1 1vmeEPeT Aty Oy gafloppayrfaep gdhe e hallogna meg qsa% fqrépéloalaﬁm st
exenpl a I t g%g%e i al
struts lia)lv)rmel{) t(r)qu tﬁ%hﬁﬁ Sggngfi%pe(f{ dggrtc{r{égﬁél [ 'Z%té%@giwgﬁe g%(f% 5B | Iq%st rate
a fir st usddnpt:gapding agtest, indtding buthelreg-thaed stagts sad meetasedxetnie efinatj, acent

o ot elettlad bR Rl ou Lo in PHRE T bt v @ bf Ieon o % 2

vessel wall during the treatment.

25
BRIEF DESCRIPTION OF THE DRAWINGS
[0018] Figs. 1A to 1C show a cross-section of the stages of unwrapping of conventional

balloon inflation in a stenotic blood vessel.

[0019] Figs. 2A, 2B1 and 2B2 show a constraining structure located on a balloon prior to
30 inflation (Fig. 2B1) and after inflation (Figs. 2A and 2B2).

[0020] Figs. 3A and 3B illustrate a first exemplary ring structure where the ring segments

between adjacent axial struts are formed in a zig-zag pattern.



three stages of inflation with the balloon unw apping within the
constraining device. [0024] Figs. 7A and 7B show finite el enent anal yses of
t he vessewotnauressdf a conventional ball oon and the devipce/usesianetyezl i n
this invention. 10DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0025] The present
i nvent i §02p} O\FﬁgkeéAandé\E itlestfase atﬁmaxdamglaqf rich sewsed whbfeothkeidg segnadntided or
stenoti¢c | umeg@ in the bod 50 gal I g’goo vessel s including both

art eri eRetHER JURTRL ARl PUEy &e é’g‘f 4l By -tHPY Bartgﬁnénd peri pheral arteries.
This device dilates occluded vessels while minimzing traunma to the |esion
and | unlG92R] wdligs. éAdlndéMhngate héirstiesémplaryveessiucturawharcathd ringisegnognys By

pl aci ng structure (CS) over a balloon of a

"l "
bal | oonb%glteﬁ[g?‘g?‘ce Wflf" Stt &)Snar&? tfr%g aﬁglcloggﬁ & controlled duri ng bal | oon

inflation and refoldi n& of the balloon is aided as the balloon is deflated.
The TS [®2absiFwe6Att@6 Shawd eressasediieihet the ddatatioedeviordn thif énveriiomayring

di amet efy, of 1€ DAl 00 SR bl an%ﬁ}ngg wbt}m%%ﬁoéswaﬁﬁﬁ g APPL | es

radi al resi’s ation an 0 cons %e bal | oon
and dlstrlbute or 20 buffer the internal high pressure ap Iled by the

bal | 0onl®034} hé&igsudfmar 7Raiho vt firjte eéffrawérlﬂgseé Oé &rﬁ yessal éré}ulalﬁ@f p&9RVentgRAat i c
di | at | 0B IRIAGRS the JRRRRELARE lxvmlgmvkﬁﬁn&yp' cally forned from a

non-di stensi bl e materi suc as a polyam de or a polyether block am de,
will preferably be non-distensible or sem -conpliant with a stretchability
bel ow 10% wi thin typical inflation pressure ranges and a fully inflated

sizgysufficiently | arEET%PLED%ES@EIWﬁ@I\p@PWH@ﬁ\IVENQ‘I!QPJ 25 passages in the
CS to form protrudi ng regions which engage and dilate the | esion. [0026]

The CS HWAShe Thoppisent invensioheravide acdewmedoedeatingofidiscachghleckedhedciuded t he

d | / h f bal | | he CS
can 11 ot G ER o ATRE R Ml ot il BB ot G SR Ve a0l s or

const r aindkstypRally tOOn&sS and pefiphiladeyicsleBhig aedcd gildted sichided ivtsselsegleh
during expansion of the balloon to limt relative axial 30 novenment between

t he CS mWHMEFBE Balmsgnthetersorcmdclamingd wamnd sedusingrthe sk af vesedd tisameepd| s

b d I
by oF e, sl aTAGREaR Fadl® Rl sl ERC Al el 8 AR OLOBBER o )
and/ or éa‘tbet’mamfhatlbﬁbﬁt}mfbaﬁod)ly m&roﬁtr()ldae@urmg\k@lla&iﬁﬁlhﬂlaﬁ 6RPETIIUBR QT 1027982

Nyl on) r exa the CS c o structed fromwres or can be | aser
cut froFﬁll opyhide ﬁ%@?ll?a%?orblﬁﬁéﬁatf‘% e &p lﬁﬁ?sé%qeglt%exl{a@gi‘?? jameteryy ef err ed

embodi Mgk hdnthe nfal fdﬁeﬁﬁbteﬁm? IRJo (lysﬁlda%at @sthigurbal | oon

and i s expanded durln oon Inflation. expands to a smaller
di arret eapnlﬂeamd&l hl%lsbaidem@ mitatios acdshus dile ttgccimaﬂrzhiomlnﬁ linaril‘obatahd) distiittubd or a

ope nob it R emd B phur ConiPubY Tl BT et EER SEBTRG PRk and
r edum n@or@ﬂ’oll@di bid 1284 iri\en SRedlatibRHERSss. [ﬂﬁ:%llo@i‘%ldhhﬁt a'll?@&ﬁ@eﬂ frdrd a
maxi mum di ameter (which is smaller than the maxi ruminflated ball oon

di arret epgn-disteasiblel ingenalcueh phapelyawiders laatodyether blagh aspdnivi préferablyebeCs

non-distensible or semi-compliant with a stretchability below 10% within typical inflation
pressure ranges and a fully inflated size sufficiently large so that regions protrude through

25  passages in the CS to form protruding regions which engage and dilate the lesion.

[0026] The CS can be coupled or otherwise connected to the catheter shaft on the distal
side and/or the proximal side of the balloon. Alternatively, the CS can float over the balloon
without fixed attachment using simple covers or constraints, and the CS is preferably
designed to maintain its length during expansion of the balloon to limit relative axial

30  movement between the CS and the balloon. The CS can be fabricated from various materials
using suitable processes and designs. The CS can be made from metal, preferably an elastic

metal such as a nickel-titanium alloy (Nitinol®) and/or from a variety of polymers (e.g.,



10creating a topography of protruding regions (hills) and channel s
(valleys) at the surface of the device, where the pattern of channels is
defi ned byotzha/gessaetry of the CS. The CS contri butes t@ca/usentinoioBed

di l ati on process avoi di ng over expansion and mnim zing the shear forces
and uni Nyian) hFghexpngds uieeCapmt bedomstruttae frveswets ovalah badaser tut fiven daser i bed
in greater deta%l ﬁbel ov¥Wth reference to Figs. 6A-6C and 7. 15[ 0029]
Ref er ri PRFHLI QUCTHPHES O10BACBHE: and 2B2, an exenpl ary constrai ni ng structure
14 constructed in accordance with the principles of the present invention
conpr i sf023] plluerpkiferyedémbodimentsafithis Snviedtiamdha &b strhgtuspa dedtedparthe r adi al | 'y

expandabl i 18. th | 1 12 d.th t het 0Jsin.it

mon- i ni Palfest idy & honded hrinehellPen Pip o TROEH ois \Earmalit ddneedi Bl wi ¢
a nugrbethetall0¥etHud RO AGctngMR oo mMRE6H Wil Eylinklidal cBde. (PHr&IfI8EBhIIBBA,0W) -
The 20constraining structure 14 has a gener alléﬂc%%l ndrical geonetry with a

di anet ehoyvener, kesp gepandingghrough operings indheledse af pregise aoptrofled30]  As t he

bal | oon i.s Inflate as illustrated.in Figs. 2A and 2B2, the radially
expandaSﬁéatrl?nn%a{sgteiréanecgfﬁ%cdng A e:hé‘s“f}%tﬁ%%sﬁe%rf %%T orce of the balloon. The
rings wll be structured, however, so that they reach a maxj num di aneter

beyond WR28h tQnsg tha 5 resshessisgpgemumdiametey (whish avsmallss thandaemaxingugg
continu L nf L OR: ' | -axi:al uts 16 are
ot ached et aRbb Bieier SRR B Bhnddis RAmnARTovctit LARIAK B LR S o

lrJ ad%@ﬁl I yreaqinhg/\atcgbpgn’aphﬁbf px?trhﬂiagsggiumﬂhﬁlk) ahc‘.sohdnhﬁl'st('gdlelysj a thebd s?;xrﬁf]e:ﬁ tdef i ned
y the maxi num di aneter of the rings us, as the n ave a
fully i AFYish SHeEs %ﬁ@ﬁ%?mmpmnﬁé iy g?fgé*ﬂm%g?%“yoqfat’%@gn&ﬁﬁdﬁn di anet er
of the radliBhkyiCXRARLRLH GildiiRdFodBs a\%}f@iﬂgtol(}@r bh QO ad BmBRmiAhd the shdakat ed

a plurality of axial and circunferential channel's 20 and 22, respectively,
wi | | befdroisremd unifotrh dighgirtssore applitdoe theivepielimallias il be dessribedimgreateyi ons 24

(as seen in.Fiq. 2B2). are def.in in t openings or in interstices between
the adi deallpelog ‘éﬂ%h E‘%f?rﬁf“‘se tf?l%%%%@@ﬁ? ?y VO 2011/ 112863PCT/ US2011/ 027982
expandabl e rings 18. It is‘thesgﬁgrotruding regi ons 24 which provide the
benkf i t 003P] t Helriog apw tp Figsn2 A o?B hand|dB2 ranisegmalsey eonsfranang strpgbira ks al

struts 18 a0 e@iﬁ%’éc%bl&énfé&ﬁﬁ‘?ﬁeb%rg c‘iﬂt}E‘sgéf h8 ks M‘l‘f‘ve@%é E@ﬁkﬂﬂ%«aﬁ% TGl e 14
are illosbrared as sinple strai ' héars of ol enen S, | l?e

apgr eci aiiebkttd&at% ﬁwiﬁ@a@ag@~@mmml diaigrexgdndable eingy 1 &r Waien elicchedlobhilRy in
order to accommodat e the radial, expansion of the balloon and the radi al

i ncr easdnqd thesathgtepd 0 isa 1isinqgdntlgipgd biate, (i lgiraied o F gt 4B h>4ﬂﬁ3>é80%18>f315@3
flexible:si f ide: n t 26 at

ei t her glrlﬁt?otﬁ c?? %¥ﬂg&%P g@fgrlr%%%aénsgoegil é'setg gfﬂé%dgAt(?ﬁ‘é‘%?‘f’dﬁg%&%%t have t he
abi 20 t y comstreintmpgsituetuire 14 hes x gerewmifyerydintiicd] gdometns ivith aaBarhéter josi lhgon

i ncreases | H di anet er ﬂ%I t q)%ﬁ h Ejge rings will have a maxi num 10di anet er
beyond GPiUEH 1P ARYFT I detiasd 8% “ as di scussed above. Mst sinply, the

axi al [0030] As the balloon 12 is inflated, as illustrated in Figs. 2A and 2B2, the radially

expandable rings 18 expand in response to the force of the balloon. The rings will be
structured, however, so that they reach a maximum diameter beyond which they will no

25  longer radially expand regardless of the continued inflation or expansion of the balloon. As
the axial struts 16 are attached or otherwise coupled to the radially expandable rings 18, the
radially outward travel of the struts is also limited to a distance defined by the maximum
diameter of the rings. Thus, as the balloon will have a fully inflated diameter which is larger
than that of the maximum diameter of the radially expandable rings 18, when the balloon is

30 fully inflated a plurality of axial and circumferential channels 20 and 22, respectively, will be
formed in the balloon surface. A plurality of protruding regions 24 (as seen in Fig. 2B2) are

defined in the openings or in interstices between the adjacent axial struts 16 and radially



struts 16 and/or the radial expansion rings 18 nay be fornmed from an
elastic material which is capable of elongating under a tensile force, such
as an el aspanariiesspol ynmer, a coil spring, or the |ike. PCTASCHI10R982 al S
and/or structures are used with the radially expandabl e rings, however,

t her e nmesgandhidoribgs BS. sk pathedeeprotonding steensi2Blvehidr prosileshe edrefishifehe onponent
whi ch 15provi.des .for the.radial expansion limt. [0032] Alternatively, the
axi al sPYtE AR A eSP%@%raéi’HV%l |y expansible rings 18 may be forned from
a generally non-stretchable material, typically a netal such as a

ni ckel - {0084hi (e akiabstruts 16 endrhdabyeaparaiablebimgpd 8 wif thedconstradmihg atruetess 1dr
patterns ich allow for el ation unde t.ensile f.o . For ex | e, as
PPl et r aredosifedd sy e Sufafans 8 Bier v B BE andsb Rl S g B cou &
be for npsle BnR ddsbickPr ARtdAbitS R dridtto hbenmsduteteredhexbhdosther t ened
configuration, as shown in Fig. 3A to a fully elongated confjguration, as
shown i halkiog.andghe rafiahimgtpaseiotsizel df g rrgse dVhile thgjaxial peauta phpeed eitlgdiet hat t he
axi al struts could enplaoy. the s e i eat -al | ow axi al

ol ongat KPRt ioor R i A o Ol or YA 3R BoBFPhed wit n
S- shapegrogimslenpeividl RAdS tHeitiddri@smidt heve thk bty orelélangdatthoirduntibieatial
25shortened configuration (Fig. 4A) to a fully elongated configuration

(Fi g. 4gmesionas peniallagn tnsreapes ip dianeter pilnyeh ten Brgstval haya f EIMon shown
in Figs, . [ : | oul ' with a
Coi 0 co%’fala’géttf?gtg ?/(%1;1%,2‘”}3?1 ?ﬁg&ﬁhin\ré?gpgaga’}%ﬁﬁﬁ %acg%%gégm\%hg# gSt? ﬁnelg ggﬁﬁfb qgvlﬂ} | assunme
a short sinesl 16 and/ogthe aidigrexplesion tesrliSngay se formed Srom an elasticdnaenéd] evhiclas
shown in Fi%ﬂ 5A,, and. wil | stret,ct}to acconmodat e a,fullly%}?ex anded.

conf i guisRPENe Ohelougrbing usderafepiily fog, Suphas e Flasieperinge!l SPerSPIPRK e t he
el asti copRLYiFB! [AeR HalBRlsSind &2 Sirb &8s aRO¥EBd With! thé RIS lexhARLBRGRR s €qui I e
a separate elenent or conponent to prevent expansion béyond the desired
maxi mumhdwener, th{10038} alRe be psepagatn oun-distdFistpde ot dtretahgble @Ompphent pdtidhet er 10

car[%i ng th al hoo .12 and. cgns.ér aining structure 14 is introduced to a
region ‘foqu%ﬁ P pragi SPFI98d ™ WEssel BV in a 9 WO

2011/ 112863PCT/ US2011/ 027982 gener al l@X conventional manner. Once the
bal | oon[0032hnd\lteanpsivelai tiergiad strate d 6 pad/enthgredially expansiblegies |18@ailsn, t he

bal | oon.i s i:nf | g NStk ai ni 0r hadi y

expand Eon |ef1 I%Ilfot“?1 é gg%eﬁ%@y%dnrr%?}%?nﬁ |%Er:r1{§?é b le'aﬁéﬁ%\?\% lé|{1n %—Sﬁagﬁlglé%qgﬁlé% it

has r eagli®dad ioged@Ebolvenuind dic prdtiesd with deat@asdr @ittein3gvittlr altdwifee elohgatidd no

| onger expand, but portions of thﬁﬁ 5bal | oon 12 whi czgh;atgee | ocat ed %{;P} he
1

open r e§idsR HEtlGEuRe-aliprazampleass Hlusegtpdintigs B4 ang Nexpradaplengs

W |4, cont.j ant L. i thei i i shown in
o SOy BRI L SRSy B AR s S0
bal | ooncdrifigurdtiont ggpihoainliy Fige 30 tone il fradongatadaontl peteors iab kleowmirelfigadB. as

noted a e, .once the Xi bal | con ,sj ze has .been reached further ball oon
ot ot - bt a SulsBRl & e e pobreeia od S BSagR R B R el

Fi gur es o AN fedire AW Wihd Fdreix el %I&Sﬁ?&ticﬁﬁ@lh\é%ﬁn?ﬁgsﬁ hg hausemeanhilgd on the
vessel wall conparing a conventional balloon (Fig. 7A) with the device of

t he presand bt pvaidadonit Fishaped Ry serPhrtingoiiverdsonrh pliow durelerigepomfremumi f or m
O T R N R
bal | oonto thB €ulinéipandedaihheencaifgatdiion shéwh apFias exh whd PBANAaEInRTivelY | the
pressur r6ings 18 could be provided with a coil configuration, as shown in Figs. 5A and 5B, where the
coil will assume a shortened configuration when the ring is at its minimum diameter, as
shown in Fig. 5A, and will stretch to accommodate a fully expanded configuration, as shown
30 inFig. 5B. The coil springs, however, like the elastic polymer embodiments described above

will in most instances require a separate element or component to prevent expansion beyond

the desired maximum limit.

[0033] Referring now to Figs. 6A through 6C, the catheter 10 carrying the balloon 12 and

constraining structure 14 is introduced to a region of plaque P and a blood vessel BV in a

9



pattern that reduces vessel trauma. [0035] The present invention can be
utilized to deliver various agents or active substances particularly (but
not |im two 20oy11ed88se suitable for treating vascul ar ane&cotusesiiloarysnal
conditions such as antiproliferative and antimtotic agents (such as

pacl i t ageteradhdcaivetianalimpn®doOnee thelabant2sndcamsiraialngdeueaintd bi atiacthe

tiplatele ent nes nor e. 0036 The acti ve ubs ce can be
S aced gl R Be Sle S MR, sedhe Rt abi oenrs 1 2 Baedalty | no
bal | oonegpimbiamel it kdRh&sS RhxiBRin diatdetes R sﬁ@wﬁ @P%@ﬁ 'O?xc@nr}ﬁé 'Eéaﬁl&ﬁ'ﬂ Ier

pl aced on the balloon or the CS or both. The conbination of |ow trauma
di | at at rr@mmmmtdlamdtqa@@ cohsteatning etrengentl 4ozt odosggrerpand, b portinpself the ng

t | ati b d f

per mnehi R arbch st 01 i A oGoDaeRbh B e edl peer (e el " °
enbodi megpantifiele Biakd AANCSHMhA ELexdpind QRti186acirtd thelt Wihxirking @x?a’ﬂsio%oﬁls s;Hawnat I on,
the protruding regions fornmed in the balloon external surface coated W th

drug engubjie- ¢ ewwgél@l fummcprr@dd)r@tmﬂpm&@glqnhé%rmeﬁm 0As He hedlppn 1 will
f ac! i t 9; ?caﬁgrfbe aCIdl f% I eggldls\{gns}lblé 81a en% ]Ear%?g{e %Bé' { erﬁce %003?) [rug

del i ver y¥Can usin el udi ng

but not bhlﬂdnntseﬁ: Ha® be@ﬁxrehmdtfmhelwhnm;lﬂ@@@t wngnétuegnﬁ&aﬁﬂy ugkdacetRr both.
Coatlng with a drug directly or using a carrier in a formof a matrix or

ni ctdcapalifodsize. Wo 2011/ 112863PCT/ US2011/ 027982 100391 Wil e the above is a
conpl ete description of the preferred enbodi mrent of the invention, various
al t er na{003d5, Fimaes 74 ahd GBshoaduhite ietms:naamhlmbsf thie fbicengpplieé oﬁmlsas*irdskeﬂ

w t hout departing fromthe ope t i.s defined by the clains.
WO 2011PER3GERECT LETFER e} Sa 3 %ﬂ%ﬁgwgﬁ Oﬁgipﬁs%‘}}é‘?‘@lﬁl%r
per f or nimg. 7331)9Imlcaﬁ@aﬁtmﬁalumléaﬁaﬁﬂmmfdrﬁm seAnCRIRRESS tSHRMhbaYI ng an

inflatable balloon at its distal end] 3a constraining structure di sposed
over t hef thif inaerdivhevibelt flisplays grtchinningbe aicn nhertghe Ustia isdrdvaimgostact

| | t he .bal | t
ST At PO i i o BE koG Bl Pg s i s ffere relSRanpdR e T
unconst paene thad tedi@céfvebdt trauma.

[0035] The present invention can be utilized to deliver various agents or active substances
particularly (but not limited to) those suitable for treating vascular and other luminal
conditions such as antiproliferative and antimitotic agents (such as paclitaxel and sirolimus)

20  other substances can include antibiotics, antiplatelet agents hormones and more.

[0036] The active substance can be placed in various designs or techniques such as directly
coated on the balloon surface, the CS or both. It can be embedded in a matrix/carrier placed
on the balloon or the CS or both. The combination of low trauma dilatation with release of
active agent can be superior to drug eluting stents for some portions of the population by

25  minimizing the need for a permanent implant yet providing good long term results.

[0037] In one embodiment the balloon surface is coated with drug. Upon balloon inflation,
the protruding regions formed in the balloon external surface coated with drug engage the
vessel wall and compress the drug into the wall to facilitate efficient drug delivery to the

treated site.

30 [0038] Drug delivery can be facilitated using many different design methods including but
not limited to coating the balloon, coating the CS structure or both. Coating with a drug

directly or using a carrier in a form of a matrix or microcapsules.

10



6bal | oon so that the structure restrains the balloon inflation along a
plurality of crossing 7channel lines. 12. A systemas in claim1, wherein

t he chanmeD 2bimeassear e oriented axially 2circunferenti al lPgT/useotbhortysaxi al |y
and circunferentially. 13.A systemas in claim2, wherein the constraining
st r uct uf@38pnP¥hidethe ab@y israab'ntpjet@ﬂesciipt@mrrdf&hepteif@:fdd;enﬂpﬂdﬂd}t@ﬁ&ret axi al
struts and a multiplicit S ed- 3ap radi al | y expandabl e
rings attaehdy VP%O‘F Sidte %&?S ﬁoiéﬁa lg%g‘%gflﬁnst S&EZMW%PS@HI?\;%S%‘%% Yhe

4r adi al hypeopandathesdo ?Q%redk“wﬁicﬁYssﬂe%’ik@% y ke Ghiglsm 3, wherein the rings
are 10|ned to the struts at 2intersecting angles in the range from 75 and
1050 . 15. A systemas in claim4, wherein the intersecting angles are 90.
16. A systemas in claim3, wherein the axial struts are joined to the
2catheter on a distal side of the balloon and a proxi mal side of the
bal | oon. 17. A systemas in claim®6, wherein at |east one of a distal end of
each 2strut and a proximal end of each strut can translate axially over the
catheter shaft as the 3balloon is inflated. 18. A systemas in claim®,
wherein the individual struts are each elastic in 2tension so that they
will elongate as the balloon is inflated.
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19. A systemas in claim8, wherein both ends of each structure are fixedly
2attached to the catheter shaft. 110.A systemas in claim3, wherein the
radi al | y wepandabkdee ri ngs are 2 conposed of an el astic marasc@li/ontsszh can
el ongate to allow the ring to expand when the 3balloon is inflated. WO
2011/ 11363P0F/AISRMHADAR7982 111. A system as in claim 10, wherein the
radially expandable rings are 2 fornmed with defornmable features which all ow

theiy radi al expansion when the ballaon is 3inflated. 112. A systemas in
ClaiTn 15, wher e n it he dePaFHLY eorumias sustodhiy: Sk URETHGIMERE of

Zi g-7ags, S-Curvegca@pdr GRI tvinklad iff18MBle BANGH dthishisdhithd; wherein he
balloon is coated with a drug to be 2delivered into a blood vessel wall.
114.3A met hod for gresstiamgn@stiustirodispnsed dyenibd infdatahde balmindsandednstiaining

2 i Si : inflati bal.l i £ hi he Dbl d : d )
Goomt | Siies Yl B bt cBPRg S Antd SRR S SR g PR S arionianne
lines, piheabRhAd an BxEREEd @Infighiftiah hidH ©ishmdHéntBat 20LRVdSstEARdAste dhike | esi on

while the channel lines are o ) )
balloon so that the structure restrains the balloon inflation along a plurality of crossing

7  channel lines.

1 2. A system as in claim 1, wherein the channel lines are oriented axially

2 circumferentially, or both axially and circumferentially.

1 3. A system as in claim 2, wherein the constraining structure comprises a
2 plurality of circumferentially spaced-apart axial struts and a multiplicity of axially spaced-

3 apart radially expandable rings attached to the axial struts, wherein the axially struts cross the
4 radially expandable rings.

—

4. A system as in claim 3, wherein the rings are joined to the struts at

intersecting angles in the range from 75° and 105°.
1 5. A system as in claim 4, wherein the intersecting angles are 90°.

1 6. A system as in claim 3, wherein the axial struts are joined to the

2  catheter on a distal side of the balloon and a proximal side of the balloon.

1 7. A system as in claim 6, wherein at least one of a distal end of each
2 strut and a proximal end of each strut can translate axially over the catheter shaft as the

3  balloon is inflated.

1 8. A system as in claim 6, wherein the individual struts are each elastic in

2  tension so that they will elongate as the balloon is inflated.

1 9. A system as in claim 8, wherein both ends of each structure are fixedly

2 attached to the catheter shaft.

1 10. A system as in claim 3, wherein the radially expandable rings are
2 composed of an elastic material which can elongate to allow the ring to expand when the

3 balloon is inflated.
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6recessed fromthe vessel wall. 115. A nethod as in claim13, wherein the
bal | oon is conposed of a non- 2distensible or sem -conpliant material and
is inflatwo2oo/az2gBessure in the range from 10 atm 3t o P2%/Uskeni/017b82 A
method as in claim 13, wherein the balloon is constrained al ong 2crossi ng
axial and circunferential channel lines to form quadrangul ar isol ated
protrudi ng 3regi on$. 1A7sybtemreisiodlais lOnwhb@imiht 3adistherspandablerigidroon i s
coated with a dr th is transferred into the bl.ood vesgsel wal] as the
Dol | Donirineq el AR RO F CIEes AL AT DEFRIIEST B i n o

bl oo vggpgls, said 2 nmethod conprising: 3inflating a balloon within the

| esi on, wherein the balloon surface is forned 4into a plurality of discrete
protrudi ng regions which each separately engage a segnment of the 5l esion
withl a localized flar ceAagysieimess ibylamct , phetemide dgformable featwenoamnprissxeessi ve
pressure 6applied agajinst any .segnent of the lesion. 119. A nmethod as in

cl ai 1@{“’\?%2?%1%'2? eéﬁp’b‘feﬁi%ﬁdﬁagﬁ'egi ons are foilled by 2a constraining
structure having crossing struts placed over the balloon. WO

2011{ 112863PCT/ US2011/ @288 as in claim 1, wherein he balloon is coated with a drug to be

2 delivered into a blood vessel wall.

1 14. A method for treating a lesion in a blood vessel, said method

2 comprising:

3 inflating a balloon within the blood vessel; and

4 constraining the balloon inflation along a plurality of crossing channel lines,

5  wherein a number of isolated protruding regions contact the lesion while the channel lines are
6  recessed from the vessel wall.

1 15. A method as in claim 13, wherein the balloon is composed of a non-
2 distensible or semi-compliant material and is inflated to a pressure in the range from 10 atm.

3  to 25 atm.

1 16. A method as in claim 13, wherein the balloon is constrained along
2 crossing axial and circumferential channel lines to form quadrangular isolated protruding

3 regions.

1 17. A method as in claim 13, wherein the balloon is coated with a drug that

2 is transferred into the blood vessel wall as the balloon is inflated.

18. A method for treating a non-uniform lesion in a blood vessel, said
method comprising:

inflating a balloon within the lesion, wherein the balloon surface is formed
into a plurality of discrete protruding regions which each separately engage a segment of the

lesion with a localized force applied by each protruding region to avoid excessive pressure

AN s W N

applied against any segment of the lesion.

1 19. A method as in claim 18, wherein the protruding regions are formed by

2 aconstraining structure having crossing struts placed over the balloon.
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120. A nethod as in claim19, wherein the struts |lie along axial and
2circunferential lines to form quadrangul ar isolated protrudi ng regions.
121. A netwoadomgiiess3cl ai m 18, wherein the balloon is for red/dSeamo2798nn-

2di stensible or sem -conpliant nmaterial and is inflated to a pressure in
the range from 10 atm 3to 25 atm 122. A nethod as in claim 18, wherein the
bal | bon i s coated2®i t h Aamethog at hatlaiZi $9,twisnsih elier stohts Iid alohdexibl add vessel
wal | _as the ggllo nis inflagégmgl met hod as in.claim 18, wherein the

5
pr ot £ udCHEPREGIGAS SR Y uias sQlatedprairadingree iRt y di stri buted over
t he ball oon surface.

1 21. A method as in claim 18, wherein the balloon is formed from a non-

2 distensible or semi-compliant material and is inflated to a pressure in the range from 10 atm

3 to25 atm.

1 22. A method as in claim 18, wherein the balloon is coated with a drug that

2 istransferred into the blood vessel wall as the balloon is inflated. -

1 23. A method as in claim 18, wherein the protruding regions have similar

2 sizes and are uniformly distributed over the balloon surface.
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