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(57) Abstract: Medical devices, such as endoprostheses, and methods of making the devices are described. In some embodiments,

& a medical device includes a body of interconnected bands and connectors forming an elongated tubular structure having an inner
N |uminal wall surface and an outer abluminal wall surface and defining a central lumen or passageway. The inner luminal wall surface

material.
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13, 14 and 15 bearing coating 16. Sclected surfaces that have been exposed to UV

unanation are subsequently exposed 1o conditions sufficient o cause coating 164

(step 45}, The conditions cans include wet-rubbing seloeted
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46}, Omg interesting application of wet-rubbi

e tuned from a by drophilic porous Ti Oy coating nto g hydrophobio sarfhee, while
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e.2., by dipconting, gas-aasisted spraying, clectrostatic spraying, electrospuwung or rolis

Fhaa

coating, o von-polar selution containing biomolecules, e.g., p;_waid £, 8., pachitaxsd

SR A U . S B b O T s By otk 3 Ay o Bt A ne AN ,-.." 2 . \\.-43\“'5.-'._‘-'») &% Ty
and Mader polvmer, eog, SIBS, and i 8 polar solubion confaining Moinoleguios, 2.,

heparin, £.8., hepanin and polymer. In another embodiment, stent 10 can be conted, ¢.8.,

by dipcosting, gas-assisted spraving, electrostatic spraying, electrospinning o FHE

coating, ina solution that clodes & combination of both polar and non-palar solvents

with respectively dissolved blomolecules, ¢.g., drugs, and, optionally, polymers,

‘

in another em imﬁammi ance stent 10 has been coated with destred Bomolecules

andfr palvimers, a seeond porous coating of Ti, O, can be apphied. In this embodiment,
.r'*s‘w}*'. s’\,} P H o ? E i \% ~ ti s)fj- i t-ﬁ» it i b {\i & Ti (} «tniﬂi £ {i ‘1""}}} t{\ XA
V3,00 can be applied withg at the use of high-temperature step, Tl n be apphied, 2.8,

L
......

nent, hiomolecoles ou the stent, 8.8

T

Vid EI}‘.‘.L‘:}KWV&& if:ubxwix:ﬁ m,} i&i O II\ ﬂ‘ih embo i

“w

paciaxel, van diffuse through the pores of the second Ti Oy layer.

"""

F N "Q it "J’\,{}‘;ht‘::: . L™y
...... St iy, B A LR
as can be packaged mito

» \-'q\:

iy another embodiment, hx drophilic blomalecul

hd

hydrophobie lipid capsules {e.g., posomes} and ap pimd o hydr ophiobic coating 16,

%

Fuarther referring o FIGU4, step 42 of method 40 can include coating selepten

-

:’

regrons stend 10 with TG, that 18 pane- POTORS, €8, MESC-POTHRS OF ICTO-POrous, a $%

other selecterd regions with THO, that i3 generally s smooth, 1.g. L DO BEne-poring, in one

embodiment, the regions coated with nano-porous coating can be luminal and side wall
surfaces 13 and 14, while the I‘E“i»)ilb with sonoth co a'iu‘gsz car be abluminal wa

3

Y. I another embodiment, the regions with nane-poreus coating can be abluming! wall

?"-'& .

-

- "'-' .o R "'.. C dm 5 A . R .." ‘e‘: \}' N ‘- .:L .:'" A% AW Ny 'iz'ﬁ-.*\ : ‘;:T:'- e Wy
surfaces 13, while the regions with smooth coating can be huninal and side wall surfaces
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Catheter systems are desenbed, ¢.g., in Wang ULS. Patent No. 5,195,969, Hamiin

1.8, Patent No, 5,270,086, and Raeder-Devens L 2
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13 and 14, Untive stent 10 coated with nano-porous and smooth Ti, {_‘}\,, can then e

exposed to conditions sofficient for coating 16 to become superhydrophilic, e.g, by UV

b T Y

-

ieradiation (sl iifi\,t Fntire stent 10 can then be o posed o eond iions sufficient © cause

_;:

selected rogions of coating 16 1o become hyvr aphobic, e.g., by placing stent 190 in dark

conditions for g vertain tumelrame, ¢.g., & number of days or weeks {step

the regiony soated with nano-porons T, O will romain superhvdvoptalic fsee, cg, Gy,
App. Phvs. Lo, 8321 13067-6%, 20043, while the regions coated with smooth T30, will
pecome hydrophobie. The resuiting stent 10 can be coated ¢.g., by dipeeating, gas-

assisted spraying, electrostatic spraying, ek ectrospimuing or roll-costing, in desired

\

Cdal

stancedst {step 46}, Stent 10 can be coated with polar solutions, non-polar solotions or

solutions containing g combination of polar and nor-polar sobvents, containing

%

compatibie biomolecudes gndior polvmers, s discussed above,

0 use, stend 10 can be used, g, delivered, using a catheter dedivery system.

e h

~

stent delivery are also ﬁé}:&m}}iéf ed by the Radius™ or Symbiot™ systems, svailable from

SN N Y > .r’ > ‘f‘i‘*i \\q\ iy )s é t NN o e : 15\' N Ak £ ;' N Y ar: ‘;“ % 2 S 2w .f‘ & 0. B S ‘
Hoston Seientific Seimed, Maple Grove, MN. Stent 10 bearing more than one type of g
‘-E:"\' ':‘\in.’-} ot I S ; R 1 R T ;:{3‘3 E 3 LW P X i l }-.}\ ‘}hca- { £ b .} AN "\ 2 E’ S )
GIOIROISRES, A&, riomiciccaiss 17 and 3&1 i., an dediver the hiomaoel \:.,:(..\1; 25 ii L Ln. & ’#ii,i?i

‘‘‘‘‘‘‘

ANy :»;- &3 -:’:i-‘ i e i1, N ¥y E an w‘?"i‘-". 5
evidotheiial pells or smmoeoth swscle pelis,

As discussed, coating 16 ¢ s stent 10 can inclode Ea,..‘L}h;m.,mr*zhw;mmm‘;

#

dioxide. Titanium dioxide, also known as fitaniam {3V oxide or titaniy 18 e naturaliy

;’:P

accurring oxide of tilan inm. chemical formula TH }é TiCsooours i 8 munber of forrs:

ff..(

1

iﬁfﬁ?‘iﬁffﬁ'w? Htaninm dza;mki (BY {monochnic), tlamum dioxade (81}, and

} uf\{‘r

A \ ?

: \
“, N3

). Carp et al, Frog. Solid State Chewm. 3233177, 2K

rutile , antatase,

rrno

""2
.
FMI
ma-:

coatings are knows 10 be blood-compatible. Maitz e of . Boston Scientific Corporation

11:;-

aode

J'

IS
il ‘_.?. "’-::_.;: ..l:_'_ 3'{

internal repord, 2001 Tevganov et ai., Surf Cogi. Tech, 20001041

&

compatible sulstances show Giﬂ' minor induction of bleod clot formation. T in both

rultie gnd anglase phases shows fow piatetet adhesion. implantation of p g.:‘. osphoras in the
top surface of the ratile phase {eg., at an lon density of about 2% to ahout 3%%) decroases

platelet adhesion to THO,, Mattw et ol



lls

: s
N

Sk,

(%
e

ey
W d

CA 02655793 2008-12-17
WO 2008/002778 PCT/US2007/071317

Morphology, o ,5‘33 structure and doping of TiQ, voating 16 are somie clements

that need o be taken intn account when making and asing stent 10, TR0y couting 16 of

stent 14 can be a crvstal {anaiase or rutile s:’ﬁ_‘u-cmrﬁf}; C}:}f;@i:ai sﬁ.zfas;mm 1 photoactive.

\

biomolecules 17 and 18, that can be ph ed on coating 16 alone or in combination with
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Jor pther bimolecuies, Coating 16 can also be amorphous (Karuppuchamy
e § B RN PN N o \E'_"‘:",", : ’$ ?;1""'.\" "l}f o -2 3 S ) B N A N ., ;,'. - Al X o
ef i, Vaousn slidba-wy,) a..*l‘{ﬁ“i ar be a combination of one or mare of the i:::i WIng

, amorphous, monochinie, WManium {4y oxide (G (1

s
s
o
L Vi
v
A
b | f
0l
s
i gl
. }ﬂ,‘%
-
L
L 4
f:-‘
e
[ VY|
£
'
N‘ .
:-;
,’V-
‘\-:A
a"'
i-::.-c
F'
‘A

Ny -

HYHVIErSIoN prooess) io morease blood « nmimumhh of the coating. Maitz ef af

i Oiher embor i..umms, conting 16 can be a conmbins ‘*{in &.‘s‘f'i.-,\{}? and rdinm

axtde {IrOx}; or & combination of TLO, and ratheniom oxide rijﬁiii'a{}x{};_ ar a4 combination

of TRy, rOx and RuOx. RaOx and Inx con decrease any potential inflammation
ongeing i the cells surrcnnding stent 10430 the body, becanse these compounds can

catalvze breakdown of by-prodocts of stressed cells,

In one omboidimhent, ii\ Jg corting 16 can b doped, e.g., with fron {Fe}, carbon

{1}, nitrogen (N, bismuth (Bi), vanadium (V) or their combination. Fe-doping enhances

11,0y, conversion rate of photomduced hydi *«pmhm v and reduces the rate of conversion

'«\\_". ) X .‘.;z ‘. . % _Q“ . < " , - Y .y ~y ..v" . 3 \ o Yo
from hydrophitic to hydrophobic state. ., fat, Chem, Phvs. 95:193-98, 2006, Bi-

PO SN v N Ry i on A rey fene Yy & ¢4 \ ~ ATy A Ay B =
andfor Vedoping can decregse the water contact angle, while Bi-Vedoping cany enhange

maintenance of a low water contact angle under dark conditions. Hong et of, At Lett

8012981308, 2006, {Z‘sd{}p%iﬂgfh;aﬂi alzo been reported to influence b wis*asmhu propertics
of Vi, Ine of af . Thin Solid Fifsy ST 215, 2006,

iques can be used to deposit T Oy coating 16 on stent 18,

R e ay AN A e S N s
A nwnber of fecim
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including sol-gel routes and cathodic clectrodepasition. Karappa “hay wy ef gl Solid State

fordios PS1E2Y, 2002; Kavuppuchamy e @f, Mar, Chem, Phvs. 93251584, it‘*i}"i

y

Hattord ef ol Longmuir 15:3422.25, 1999,
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As discussed, placing stent 10 coated with by dr«;zph e, o £., superhydrophilic,
T4y, ey, superhydrophilic ‘§={}~ m the dack wall tom T30, coating 16 hydrophobic,
in some embodanents, howeves, i may be desirable (o store ¢{e.g., i the dark, e.g., in
packaging) stents coated with bydrophilie, g, superhy a:m;ﬁ thic THO,, without s
33 Wrning i *iiw‘?m}bm, Reversal front superthivdrophilic to hvdrophobic sueface can be
prevented by using & nano-porous (v '55“1-‘3&3-"*{}?31} structure of THO,. Gu, dpp. Phys, Lo
E3{21 p30T69, 2804,
i one embodmment, a layer of organic compound, g.g., alkyl sidane, -zz;sj_};fi sitane
and/or fuoroallyd stlane, can be dﬁpi}%‘i{’d over the hvdraphobic T 35U For example, a
10 iayer of octadecylatiane or octadecylphosphonic acid over th ahvdvs}p Robie Ty coating
16 ean enhance the suparhivdrophobic state and stability of coating 16, Balmyw ef @,
Flecgrochem, Coppnunic. 7106670, 2005, Coating 16 in this embadiment can be tumed
hsdfcwm o.u., superhydrophilic, by UV Light llumination, as desired,
Stent 1) can include {fw;;; be manufactured from} metallic materials, such as
18 stainiess steed {e.g., 161, BioDur® 108 (UNS S $20108 } and 3041 stamnless steal, and an
alloy including stamless steed and 5-60% by weight of one or more radiopsgue elements

{o.g. P I, An, WY {PERSSRY as described in US-2003-0018380-A1, US-2002-

D144757-A1, and US-2003-0077200-A 1), Nitinol {a nickel-titaniwn sloy), cobalt alfoys
such as Blgioy, Eéiﬁ ﬁiﬁm APASN, titantuny, tttenum dloys {eg, T-EARY, T

D i i...m»x.. sobium, nivbinm alloys {e.g, Nb-121) Co-
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conumeniy assign c.{if_ ’i;;f;.;:lf ffa‘%pi ation No, 1O/672,881, Hled September 36, 2003, and

15, Other materialy inclode elastic

%S

/.fﬁ"l

.S, Application No, i‘i;f’{’}'fﬁiﬁ,,fﬁié,. filed Jax ny 3, 201

L)y 5

ocompatible metal such ay 8 superelastic or pseude-elastic mctal alloy, as desernihed, for

-./

vy, Lo MeDonald, "Shape Memory Alloys®, Eneyelopedia of Chemiedl

v -

e example, in Schetst

Technology {3rd ed.}, John Wiley & Sons, 1982, vol. 20, pp. 726-736; and conunenly

5’
assigned L8, Apphication No. 10346487 filed Janvary 17, 2003,
in some smbodimends, materials for manefacturin g stent {3 ineigde one or ooy

Aaw

materials thay enhanee visthilisy ‘t‘ MRI Brumples of MR materials include non-

3D fervous wotads {o.g., copper, silver, platnuam, or gold) and non-ferrous metal-alloys

_ﬂ!f)‘

ements {e. wd}ﬂ}‘f(}sm m or gadolinium) such as

coninirdng supsrparamagnetic ©
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terrpm-dysprosign, dysprosiom, and gadohintom. Alternatively or additionally, stent 10
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van welide one or more materigls having low magoetic susceptibility o roduce magnetio

susceptibality artifacts, which doring imaging can interfere with imaging of tissue, SR
sdjacent to audfor surrounding the stent. Low magnetic susceptibility materials inolude

ﬂw%\ﬂksﬁ”‘h&ihg such as tantalum, platin urn, tilaninm, miobium, copper, and alloys

::;s:ﬁ:r};mmﬁ*m these clements,
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Depending on the application, sient 10 can have a diameter of zu\»m e, about | mm

to gbout 46 mun. In certain embodiments, 8 coronary stent can have an expanded
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\%’%’a} stent and a thoracie aortic aneurysm {TAA) stent can have a diameter from abowt

)

U mam e about 46 nun. Stent 10 can be balloon-expandable, selfexpandy

eombination of both {e.g., U.S. Palent No. 3 5,366,504},

Stent 10 can inchude a roleasable biomolecnle, "‘,ii;w a therapeutic agend, drug, or &

pharmaceutivaily active compound, such as described i ULS, Patent N, 5,674,224

Appitcation No, (8/8835,415, filed July 2, 2081, and 118, “—’\pph atton No, 1232265,

fded August 30, 2002, The therapeutic agents, drogs, o phamuaseatically active

compounds can include, for example, suti-proliferative agents, snti-thrombogenie sgents,

anttoxidants, s gé‘iv«én.ilmw;ﬁ?{}r\ agents, mmuposuppressive compounds, anesthetic

agents, sol-coaguiands, and antibiotics. Specific examples of such bomoleoules include

'
:r.-’

pachtaxel, sivolimus, everolimus, rotarclinas, piorolimus and dexamethasone,

u{;
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A number of embodiments have heen described, Neve rthedess, i wi it be

wdarstond that various modificabions may be made without departing Fom the spint and

-

the

seone of the disclosure. Aceordin f'fi - other embodiments ave within the scope of
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WHAT IS CLAIMED IS

{. A medical device having a body of mierconnected bands and connecton

r sirycture having an inner fnminal wall surfhce and an ontey
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éﬂbim‘g inal wall surface and defining a central lomen or passageway, w herein said irmmer
fumninal wall surface and side wall surface of the bands and connectors formung

{ranevYerse passagoways throu sl the elongated tubudar structore bear a coating of

tres

hvdrophilic material and said oute v ab fuminal w aai" mi we of the tubular structure bears &

.’ Y

coating o %‘g‘x‘mxx‘*‘shnh*g material,

LA
2, The medical dovive of claim 1, wheremn :‘:z“‘c“:t g oF wmors selected regions of

the honinsl snd side wall surfaces bears g coating of b

T

3. The medical device of clatin 2, wheren the matenal 18 superhydropin

I

4. The medical device of claim 1, wherein at least ong or more selected regions of

“u

the abluminal wall surface bears a coating of hydrophobic matenial,

.n{

o

S, The medical devics of claim 1, wherein the coating of the Tumina!

"J‘ﬂ

» ;.;‘;\-i = {il'ii_i

abhuminal wall surfaces vomprises tantum (v oxade {-x}.

6. The medical device of claim 3, wherein the coating further comprises a layer of

organic componnd over Blaniom {+y) axide (-5} .

CThe medical device of clanm 5, wherein the coating gpon the giiuminat wall

5. The mudicat device of claim 7, wherein the coating further comprises a
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2. The medical device of claim §, wherein the coating upon the luminal and side

Fod

wall surfaces further comprises a bomolevule.

.
CO% 1

‘o

w

18, A medical device havi mg a boxd st interconnecied hands angd connectors

g
1

E’.js:if}; m*u,i mbu: structure having an inney funsinal wall surface and an outer

),

,Emzr‘mﬁa i3 4

£

Y . '

& PR, "- » | Ay -‘ :i ¢ WS - T 2 W o
Inminal wall surfsce and side we i

)rffA

sarfice of the bands amﬁ comectons forming

TansvOrse passigeways twough the elongated tubular siracture bear @ ooah

) -

b g

X
X

v sPHODIC malena 3 and said outer ablominal wa

1 surface of the tubular sfracturs bears

L - 4

a coating of hydrophilic mater tal.

Ny

11, The medical doviee of olam i.l whereln gt

.J.Il

[:nuui

of the lonunal and side wall surfaces bears a coating ot hydrophobic matenial

LR Y

‘*"4

173, The medieal device of vlatm 10, wherein at legst one or more selected ﬂws 15

M N
14

of the abluminal wall suriace beary a coating of hvdrophnlic matenal,

L 3 'Tﬁt 3 r: \ 5 ":‘".u‘.‘c‘f o .* " 31 «L""(' - avg 7"'& .r.% “'.',‘"i N2 RN ) ’.'( - ? ) '.i‘ :‘:H‘ g
13, The medical deviee of claim 12, wherein the material is superhydrophilic,

n"

14, The medical device of elaim 10, whereln the coating of the lumunal, side and

ffff’

surface comprises famum {(Fy} o xide {-x}.

n

J

L3 )

13, The medical device of claim 14, wheremn the coating further comprises a layer

J"

of organie compound over titenium (Fy) oxade (-x,

Q <

6. The medical device of claim 14, wherein the coating upon the abluminal wall

* ﬁ.‘. '.‘

surface further comprises s biomolecule,
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V7 The medical deviee of claim 3 wherein the o
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jEEEN

ing upon the

side wall suethces further comprises 8 blomolecule,
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The medical device of claim 17, whereln the coating further comprises &

-

19, & method of producing a medical device, the method con «nrizi:i

{1 coating w .,.i.*fszti:rfa;«a:ﬁi‘ of a medical device having a bady of mterconnected

bands and connectors & wining an clongated tubular structure having an inner huminal wall
surface and an cuter abluminal wall surface and defining a central lumen or passageway,

L T

wherein said mner luminal wall surface and side wall swrface of the bangds

and connegions

"/‘

form transverse passageways through the elongated tubular stracturs with hydrophilic

.o

VY TN A WA vy A .#.;" \" A R & o - Wy Vi, . ,e- ;\-..‘A'.. ) sy o \ - "4 . ’-‘ - -‘.:.‘ |
{8} exposing the medical device 1o conditions sufficient to canse the tilanmum (Hy)

oxide (-5} coating to become hydrophobie;

5

{111} exposing selected surfaces of the medical device to conditions sufficient to

cause the tlantum (v oxide (- } coatin 2 to become superhyvidn rph& ¢; and

{iv} conttng the niedical deviee in a ¢ first solution compatibie with desired

20, The method of elaim 19, whereln the first solution ¢ 111;}1*@3&:3:&%:35{" icast one polar

)

sobvent configured o adhere {o hyvdrophlic surtaces of the medical deviee snd al foast

¢ non-polar solvent configured to adhore 1o the hydrophobic surfaces of the medical

(“. {:\{“ ?f o gh"}q{' ,{'3 N
A .\.g.-'(y&-., vk EI W

]':':F"u
0
‘f'.a

21, The method of claim 20, wherein the soluation fur ther ¢ QIpris
binmciecnie compatitie with at keast one solvent,

k) 3
1

22, The methoed of claim 21, wherein the solution further comprises a polymir,

3. The method of claim 19, further SO 1sing coating the medical device in g

second solubion compatible with desired bromolecules.

iy

24, The method of claim 23, wherein the second solufion 18 non-polar,

9
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