1 Coating of endoprostheses with a coating consisting of a tight mesh
of polyner fibers SDescription The present invention relates to
endoprost heses coated with a polyneric cl ose-neshed thread-tangle as
wel | as the manufacture and use of the so coated endoprosthesis.
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after arterial puncture such as after puncture of the artery in the groin when conducting
a PTCA and/or stent implantation as well as after heart catheter examinations. The
probable reason therefore is assumably an insufficient pressure after removal of the
catheter, so that the blood vessel is not closed properly leading to bloody cozing into

30 the surrounding tissue.

Another and likewise commonly occurring danger affecting body passages is the
growth of malignant and benign tumors. Rapid and uncontrolied cell division leads to
the spreading of the tumor at and in hollow organs and thus to obstructions or

35 occlusions of hollow body passages. Examples are esophageal cancer, cancer of the
hypopharynx, nasopharynx and oropharynx, intestinal cancer, lung cancer, kidney
cancer, occlusions of the bile duct, the pancreas and the urethra etc.. Further causes
for the impaired functioning of cavities can be cyst and fistula formation.
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30 materials showed to be a promising advancement which mostly acts as a mairix for an
anti-restenotic acting active agent. This active agent shall stop the pro-restenctic
process by a time- and concentration-adjusted active agent release according to the
requirements and ideally promotes the process of healing as good as in the ideai case
of non foreign-influenced healing. Herein the requirements to the endoprosthesis

35 itself, the coating material and the active agents as well as their interactions are equally
high.

The same scaffold is used for relieving, preventing stenoses in all body passages, or
for impeding the threatening obstruction as long as possible (such as in the palliative
40 medicine or in the pain medicine), for example in the esophagus, bile duct, intestine,
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There is a plethora of patent applications and patents in this field. As being effective,
35 above all three competing stents are prevailing as market leaders.  First, this is a
' polymer-coated stent eluting the active agent paclitaxel (Taxus stent from Boston
Scientific Corp.), on the other hand a polymer-coated stent eluting the active agent
rapamycin (Cypher stent from Cordis Corp.} as well as the stent Xience V (Abbott
Vascular) eluting the sirolimus derivative everolimus.
40
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to a detachnent of the

Further the silicone tube can be torn or it can detach under these circumstances and

30  mucus or food particles can settle between the vascular wall and the silicone coating so
that apart from the threat of inflammation several scenarios utterly negative for the
patient may become realistic.

WO 2005/030086 describes a method for full-size coating of a likewise self-expanding
35 stent body with a polyurethane sleeve in which after a first spray coating of the stent
with a polymer the polymer is imposed to the struts from the inside as a foil by means
of a balloon or another suitable cavernous template. Herein the coating covering the
entire stent occurs from the luminal side so that on the exterior side the stent struts
keep on stabilizing the stent in the wall of the cavity. The subsequent heating of the
40 system beyond the softening temperature shall bind the polyurethane to the stent.



5coating material and even to a delocalization of the entire stent.
Furthernore, the heating beyond the soPtening tenperature of the
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stenosis of the central airways also die on it.

A special problem in this field arises from the shape of the trachea which is not round,

30 in confrast to other hollow passages, so that the risk that a stent detaches itself and
likewise that mucosa gathers between the coated stent and the tracheal wall is
particularly high for these stents. A similar unfavorable situation results when the
coating detaches from the stent under the given circumstances and secretion may
settle between stent and coating. The risk of detachment of the coating has to be taken

35 into account for all coated vascular supports to the same degree and in all fields of
application, also cardiovascular.

Most commonly, the so-called Dumont stent is still used, a tubular silicone tube with
naps for a better fixation on the abluminal side, specifically developed for the trachea
40 area, since it can be removed more easily in contrast to most metal stents, because
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for ensuring a natural equilibrium, as is warranted by the mucous membranes. Thus
the affected patients depend upon the regular inhalation of liquid nebulizers in order to
delay the infallibly occurring obstruction with secretion as long as possible.

s often

30
Another and for the patients utterly unpleasant social problem is the extremely
malodorous breath caused by the in sifu colonization of bacterial germs on the implant
surface, since the colonization by germs at these sites can’t be averted anymore under
the given circumstances. locally occurring inflammations of the most diverse origin
35 butalso as a result of the stent implantation are likewise causal for a new occlusion.

The AERQ® stent from Alveolus tries to contain this problem, but is no yet fully
developed. The stent also has a very smooth foil-like coating material such as the
esophagus stent ALIMAXX-ES™ already described above.

40
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This task 1s solved by the technical teaching of the independent
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preferably a sprayed thread-tangle. Hence, an inventive endoprosthesis has a surface
coated at least partially or completely with a polymeric close-meshed or tight-meshed
thread-tangle. Moreover it is preferred, if the thread-tangle coating, i.e. the coating of
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40 areas thereof. For example, optionally either proximal or distal segments, the central
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11 Il ongi tudi nal dianeter of a nmesh is to be understood as the maxi num
extension of this opening and the tragaverse di aneter is the m ninmal
extension of this opening. The cross-seéctional area of a nesh is to
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25 A thread-tangle according to the invention is a textile planar product of single fibers or
threads that are not interweaved, knitted or braided or are otherwise connected or
jointed in a specific pattern with each other. In contrast, tissues, knitted and weaved
fabrics, are produced of yarns and membranes of foils, underlying certain order
principles and knitting mechanisms.

30
In contrast, fibrous coatings of the thread-tangles consist of fibers or threads the
position of which can only be described with statistic methods. The threads also
referred to as fibers are arranged in a confuse, disorderly and random manner toc each
other. The openings that arise between the threads are designated as meshes.

35

The term “mesh” as used herein describes an opening between the surrounding
threads of the thread-tangle coating. The openings are not necessarily round but can
assume any shape because the threads of the thread-tangle coating are oriented and
spread in a random manner. S0 an opening, i.e. @ mesh is usually suirounded by
40 several threads. Moreover, the meshes show a cerfain size distribution. The
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i ncor pghat@dshéd o the thitRR@ngle coating have an average diameter in the range of
0.01 um to 1000 um, preferably in the range of 1 ym to 1000 um, further preferred in
the range of 10 pm to 500 ym, even more preferred in the range of 25 um to 250 pm

25 andin particular preferred in the range of 50 pm to 150 pum.

The meshes of the thread-tangle coating have a certain size distribution, wherein size
is referred to as the cross-sectional area of each single mesh in a vertical top view on
the respective mesh and the thereby obtained two-dimensional display.

30
According to the invention the endoprosthesis can be coated with a thread-tangle
consisting of a preferably linear polymer or a mixture of polymers that may be
biodegradable or biostable. The polymer(s) can be selected from the group
comprising or consisting of:

35  Polyurethane, polyethylene terephthalate, polyvinyl chloride, polyvinyl ester, polyvinyl
acetals, polyamides, polyimides, polyacryl-nitriles, polyethers, polyesters such as poly-
3-hydroxy butylates, poly-3-hydroxy alkanoates, polyamino acids, polysaccharides,
polylactides, polyglycolides, polylactide glycolides, chitosans, carboxyalkyl chitosans
such as carboxymethyl chitosans, collagen, polyphosphazenes, polystyrenes,

40  polysulfones, silicones as well as derivatives, block polymers, co-polymers and
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resulting in a thread-tangle according to the invention. Thus no dissimilar adhesive is

35 needed that would cover the fiber surfaces so that the fiber-specific effects wouldn’t
develop. By self-implementing the cohesion of the thread-tangle by fibers only
clogged at the crossing points the thread-tangle structure displays also better capillary
characteristics that favor the absorption of fluid and moisture. Spraying the solution for

thread generation can preferably be carried out by compressed air nozzles. The

40 structure of the thread-tangle and the thread diameter can be varied by material
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mmHg). These water permeability values were measured according to Weselowski's
20 method of determination at 120 mm Hg. An inventive endoprosthesis is preferably

characterized by the inventive thread-tangle having meshes and consisting of porous

threads.

These features can be used and adjusted upon requirement so that essential
25 modalities and multiple possibilities result for the used polymeric materials and the

resulting coated endoprosthesis. Besides the used polymer or polymeric mixture, key

parameters are the thread diameter, the thread porosity, a varying coating thickness,

the mesh cross-section, the spraying technique, the solvent etc.. Despite of the same

coating procedure these numerous variation options ensure an endoprosthesis that is
30 optimally and individually applicable in all known vascular diseases.

For example, the thread-tangle coating can be realized in such a way that a tumor cell
has no possibility to intrude between the threads into the inner lumen (see Fig. 4).
Furthermore, this coating mode prevents that e.g. the luminal surface of the hollow
35 organ e.g. can dry out since the adjustable size of the meshes promote a further
provision of the interior surface with moisture, because the thread-tangle coating does
not separate the interior surface of the hollow organ or body passage like a continuous
impermeable foil from the interior lumen of the endoprosthesis, but only excludes the
passaging of bigger particles or of cancer cells, but not the permeation of liquid, water



i nvention which further contain at |east one antiproliferative,

antimgratory, anti- 25 angi ogenic, ag%i -infl ammat ory,

anti-restenotic, antiphlogistic, cytostatic, cytotoxic and/or

anti-t ot i nt ... Thi lve e .ain i n

coval eﬁ'{ Fa;/mbou%é%%(gf %"r’t go?jolﬂr&ﬁ%rxc a@&‘é@{evgﬁvs%% %gﬁf'@‘gl %ﬁo‘)ﬁo géi these

form disadebiagemt becausei exthanged of tregisiuss perc airviel preyedigst. ostWhsiesis the

are obtal t I-N At i '

hr cad Lang) SelS, ARG TN B otRiF aBOY Y APESsay PPBpnge processes

coat | nREiMEEDQVasOUEE swalb@nsly kinsy anthensuipdhat dhm gienteddnienigr casceiar wall

mifﬁ}[lf agrel ri%??](ﬁylsgﬂawlo\?'n@@?éfﬁy%ﬁbb%&;eﬁgﬁﬁ@/oﬁ{sub@t%n?ﬁé'é’rﬁj fiRNthe healing

m xture in the sprayi 0 i on _and,. n,.a n rayin -

Sol ut | RIRCEPS 4 SUPRAT BPYMBY ap ASGPIHNG €0 41 i PgPplicative the Germ-kiling

t hr eadproregdes cafatthengowht biosly adannipasemis oheregiunet iad  ploblermbtimsel aferm

t he aﬁﬁ%%?%ﬁﬁﬂgﬁ‘f or the active agent 35 mi xture out of the inventive
an

t hr ead- e cobating does not only occur were the stent struts are,
which is the case with common stents, but al so over the entire

dispeasgebRERG to WS fild Seapphtafitn ¥SufRat SShtPRAGPIRSLATSAISIAS of the inventive
e P RTA

I mpl ant ed. cont r ast conmer ci a aval e current drug-eluting

| )
st ent sCAed stand vy Rydrerfilic PRIVIEra craY ke 84BROMIVR- t he area of the
struts, this leads to a conprehensive provision of the diseased 40

It i.th th . [ d | ) t ual t t
o e PSR e T e b lab B R B R
a | esisn tioadl the fowewof $kee mucasammensared. o tFids exaan beoassilygaolietvéa during

t - i nal; . rat agle t o
ot RHISAEE CBE (HBCindeifle® odttlg™ ot el Ut atnb RO Bt fhe
t hei r eiRRsPYhesis fodciai ewinsticas metals sorewadgpigdy dat does dinetse of the
o e raTHEB 5 Mt o A Wt G AS DTN bl Sty
Pot hodneadiianos SHeGire, b okl BoTeRty HAMBRLFSOreD 25 apuminal * For Sasier
endoprdethtiesiest efstheedpraysoatedi éndoprdsthesiy fram siag esetalcdrepsvantually wetting

o r Y
22Tt B hert S TRE , SOVOR Fliont B iSRS S A e sehiS il ifirsateg pre-
per i od-astted piapt sirdtssanel useddor eoaiing.| y adj ustabl e to different

conditions by the choice of the polynmer material, addition of active
agents and, the egd' ust abl e process paraneter such as nesh size or pore

si ze df ftfBet prefgded efsbodifients, fugaditangee arswses eharpliatkageding to the
non- evigvestRmh afhithefupbdy coramges (gast hend esttiprekfepdtive, aastirhigbstory, anti-

V28 Toie MR R Eet EERlh e nt i R0 e Yriatlalie e o dngor
t hus conisthrerabesc agsntni Thsaattivenhgent cam bef comairechigub atdvatentlyshadeed

initi : ' ] r :

|t o 1R Hag anieh o Srdtell o RO, Gynddd B, _ALick) Whated medical progucts,

wal | ireSBe@yeshendeRrpsiesiseateabiginachthat moataintaingaet ermeriy: Agent in the

act i Vithfefl-iangledodthfy, jﬁ‘éférdbl? Qn tthatfo iR &f faea#uga&z@éw%égﬁngwu@q%ase

in.an opti nal nner. 4. Tt]e ol_¥]rrer|c cl ose- ?e%hed Br élgq - rre?]hed .

tr%pea(fygiﬁﬁé‘?e &tﬁ\ﬁﬁacﬂﬂt@ﬂ gé’gaatt g can be manufactured by dissolving the active
agent or the active agent mixture in the spraying solution and then applying the
spraying solution or alternatively by applying it afterwards to the thread-tangle coating.

It is advantageous herein that the release of the active agent or the active agent
35 mixture out of the inventive thread-tangle coating does not only occur were the stent
struts are, which is the case with common stents, but also over the entire diseased
area, where the inventive coated endoprosthesis is implanted. In contrast to
commercially available current drug-eluting stents that are oniy coated with active
agent in the area of the struts, this leads to a comprehensive provision of the diseased
40 site with the necessary remedies and not only to a punctual treatment of the affected
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initiated by activated thrombocytes, with a resulting life-threatening

20 hemostasis.
3. The lesioned area of the vascular wall is substantially protected by the thread-
tangle coating from activities inside the cavity so that the healing processes
can occur in an optimal manner.

4. The polymeric close-meshed or tight-meshed thread-tangle coating provides
25 for an additional stability of the body passages in the lesion area.
5. The polymeric close-meshed or tight-meshed thread-tangle coating serves as

a mechanical barrier against hyperproliferation, tumor growth, new fistula
formation and formation of cysts as well as external bleedings.
B. Via the still permeable thread-tangle structure the at least minimal contact
30 between lumen and vascular wall is maintained, so that the most necessary
requirements such as permeation of nutrients, moisture, oxygen etc are
possible, albeit to a limited extent.

7. The textured surface of the thread-tangle coating provides for an additional
support of the endoprosthesis in the vascular wall.
35 8. The polymeric close-meshed or tight-meshed thread-tangle coating provides

for a reasonable even distribution of the added active agent over the entire
affected area.
9. The significantly larger surface of the thread-tangle coating of a polymeric
close-meshed thread-tangle allows the application of an increased amount of
40 the active agent.



15. The distribution of the active agents over the entire
endoprosthesis is 15absol utely uniforqbdespite of | ocal separations.
16. Different active agents can be introduced |ocally separated,
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20 18. The coating of a polymeric close-meshed or tight-meshed thread-tangle as well
as the texture offer a significantly larger surface for the most diverse
approaches for the treatment of a lesion in the vascular walls of a body
passage than a common {(only on the struts) coated endoprosthesis.

19.  The partial application of the polymeric close-meshed or tight-meshed thread-

25 tangle coating allows for a specific treatment of the diseased site, e.g. a tumor
growing into the lumen from the right side can be stopped with a stent that was
coated only on this side. The opposite side of the endoprosthesis stays open
or will be coated only on the struts. This variant is aiso well suitable for
treatment of aneurysm.

30 20. The pores formed by the thread-tangle can not only be filled with active agents
but if the need arises can be filled with other materials and excipients that elute
after a short time together with the active agent or are degraded. Rapidly
degrading polymers as well as active agent carriers and elution controls can be
used just as active agent transfer-accelerators so called transport mediators or

35 mediators.

Finally, in case of sufficient, preferably time-limited stability the polymeric close-meshed
or tight-meshed thread-tangle coating can also be used even without an
endoprosthesis. For this purpose the optionally active agent containing thread-tangle
40 is sprayed direcily on a moulding core. Besides a stent, also ongoing, full-size and
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20 Naturally it must be ensured that the coating of a polymeric close-meshed or tight-
meshed thread-tangle does not release any fragments or particles that could lead to
life-threatening situations.

Of course, it is also possible to apply the active agent(s) in a separate coating step

25  either directly on the surface of the endoprosthesis and thereby under the thread-tangle
coating or on the thread-tangle coating or under as well as on the thread-tangle
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40 apocymarin, argatroban, aristolactam-All, aristolochic acid, ascomycin, asparaginase,
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The preferably hemocompatible layer is produced from the following preferred
materials: Heparin of native origin as well as regioselectively produced derivatives of
different degrees of sulfatation and acetylation in the molecular weight range of the
pentasaccharide responsible for the antithrombotic effect to the standard molecular
40 weight of commercially available heparin of ca. 13 kD, heparan sulfates and its
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immblllzed on the surface of the mcroparticles via so-called
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Thus the coated medical products are suitable for preventing, reducing or treating
stenoses, restenoses, in-stent restenoses, arteriosclerosis, atherosclerosis, tumors,
fistula formation, formation of cysts, aneurysm, bleeding in surrounding tissue and all

35 other forms of vascular occlusions, vascular constrictions, vascular dilations and
injuries of passages or outlets or artificial in- and outlets.

A further embodiment of the present invention relates to an endoprosthesis with a
porous wall of synthetic polymer, wherein microparticles are embedded in the wall of
40 the prosthesis on the surface of which blood coagulation inhibitors are immobilized.



10conjugate on the mcroparticle surfaces is preferably based on
adsorptive, particularly electrostati 22i nteracti ons between the
| inkers and the mcroparticle surface§™ In other preferred
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pLca oy bl aPat 4'Bfen B fte fone3Richhatats THERDY Ay hbafrienis
stent @ e miibiyerean g widep Wdaﬂ-deﬁélegﬁnmblhaabmgg fher bnker-inhibitor
e e e, BRI opEIcRE SRS IS biefotaBly Badlqt adtoliive, payticularly
- ex [ ) u 3 -
coat i n%eﬁ"r'?%ﬁﬁ% qugﬁcﬁ@”%ﬁﬁ%&i\g%%ﬁeﬁ @@qargiémquﬁgagp&ﬁu%@c@s.
over ext ended such that the thread-tangle coating ruptured, allow ng a
good |0 r -l.i ke coat i tructure. . Under physiol ogical .
dondi 1 Pogioet pletentieERtodinsfus B e b BoiferccRiERLiEy amyBriehfy itn
dangera tlingar tfiricturee ad Prefegalely c twsien inkarpt anee sligo- or polyalkylene glycols, in
15  particular polyethylene glycol (PEG). The blood coagulation inhibitors are preferably
serine protease inhibitors, in particular thrombin inhibitors.  Thrombin is the key
enzyme of plasmatic blood coagulation, cleaving fibrinogen to monomeric fibrin. The
latter is polymerizing in the following and cross-links blood components adhered at the
vascular wall inside to a thrombus.
20



15Fi g. 4shows a tunor cell that due to its size is not able to
penetrate to the other side of the thr%é;ld-tangl e coating. Fig. 5shows
a REM picture of a PU-fiber-web or rather fiber-tangle manufactured
by spraying nmethod on stainless steel gauze (1000x nagnification).
The white circles correspond to approximately 5 pmand shall give an
I mpression 20 of the fiber dianeter. The flat areas are formed by

aggl ut ipneddripgtio oPYiguked ng fibers during the spraying process. Tpe
estimated pore size o e, snall est pores is betyween 2 and 5 pmfor .
bot h ki al <STEES Ark P FRdtRIGle BTONES 2 eRdPIY ReeIPRRLSE R having
cirgl es correspesdicrigped ambermantgdchiteSceuting Wik tisé tiwetdrangle. t Mecan be
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steel gauze hEtLatl The at areas are forne y
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aggl utination o g during the spraying process. The _
esti matdd dor eSRGWe BrCARRANSAN [ §19-pbaBd 2 sagutwerexpaadad eratppsasthesis

forobot h mat eryphs blrst ofBhiFRIGAhidYd-Ringld E65tiRF SREEERGPIRY hHE cxPBhdion
circles corresgt?ndlgggl% atopilom mat el eSrH%g?gs Th? Sté’éﬁhurégd-?én tlgecoatin
i nner and out eFSIPEAdCHFIEN PV CYFS Weh tak g g
subst anti al | y. ruptged/ showmgt & gyosadiopkcesit thesthseadiikk icbatiegtstipbases dzjr}der
on a rod of trENEapbisEFkTaions aueip S AER GRFRERSIHTHELF Bol BEf Rl ere
hori zontal on i& noodangertivat tbe dhiaag-laaglecenatiop rephiresl endopr ost hesi s.
2415xampy & 5 shows a tumor cell that due to its size is not able to penetrate to the other
side of the thread-tangle coating.

Fig. 5 shows a REM-picture of a PU-fiber-web or rather fiber-tangle manufactured
by spraying method on stainiess steel gauze (1000x magnification). The
white circles correspond to approximately 5 um and shall give an impression

20 of the fiber diameter. The flat areas are formed by agglutination of overlying
fibers during the spraying process. The estimated pore size of the smallest
pores is between 2 and 5 um for both materials (Estimation in 10k-pictures
according to the small circles corresponding to approximately 5 ym). The
structure of the inner and outer surface of the material does not differ

25 ' substantially.

Fig. 6 shows a REM-picture of a PU-fiber-web or rather fiber-tangle manufactured
by spraying method on stainless steel gauze (800 x magnification). The flat
areas are formed by agglutination of overlying fibers during the spraying
process. The estimated pore size of the smallest pores is between 2 and 5

30 um for both materials (Estimation in 10k-pictures according to the small
circles corresponding fo approximately 5 um). The structure of the inner and
outer surface of the material does not differ substantially.

Fig. 7 shows the endoprosthesis in different phases of coating. A) Endoprosthesis
before coating, mounted horizontal on a rod of the coating device; B) coated

35 endoprosthesis, mounted horizontal on a rod of the coating device; C) coated
endoprosthesis.



Exanple 1: Pre-coating of the struts of the endoprosthesis with a

pol ymer The struts of an endoprosthesba were spray-coated with a 0.5%
PLGA solution. To this aim the stent “I's hung horizontally on a thin
metal rod which is stuck on the rotational axis of the rotation and
forward feed device, rotating with a defined rotatory 10 speed. At a
defined anplitude of the forward feed and rotatory speed and a
defined distance between stent andpi@asplest he stent is sprayed with
the spray solution. After drying at roomtenperature and storing in

t he exhaust hood over night it is weighed again. The pre-coating of
theé stent struts or endoprosthesis struts provides for a better

oS oERafpIA e R ERhE D B bRt BLE o 517
ant i - pFiog istreitsof we enddpresthgeist wernspriayicupted witrea BHYaPLEA soiution.  To
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st ent , dyirie ab coomaeiripesatuoataad stoeng iartbé arxhaust aobd Qﬂ@teﬁlgrli’ﬁt\m teighed
ti nt . j i e r i
coat | R T BRL oBitPErheief! SRS BRAGE G uEYs SRUR B RHEL il belter
t he fohadhegionot thedhteadaiagiole epiths sitaist i ng. Exanpl e 3:

Prig- coating of the endoprosthesis on the exanple of a transurethral

or 30suprapubi.c theter with an anti-bacterial active agent .
cont ai ?\'@%Fif l-sige Rreghoating ot they ssis #{dthe spdeg sivIwith én gnti-

a cor rmefifendiivigactiviel adeat tcehiaihingpdhyaréd - f ungi ci de active agent

conbi nation (e.g. erythronycin and terbinafin 3:1 ww is filled up
with chloroformto 22 g. 35This spray solution is applied to the

sur f acBpray stdglion: 1é8.2 meRhGA er polislifore ard 468 fngr reppnacih o &188% spray
a g . . Wq% [S oL _
pggsi b eiﬁ)&P%CgA? tggrégpdéﬁﬁﬁéﬁ(ﬁge%ﬁgﬁwgﬁgé%xpangg@ygﬁd prp%%qth%%ié
is sprfyedd withhore mrarase| lwihen adiiveapaeis sSusht sopaciiaxelorcyclasporne A,

spray tﬁ@ﬁ@érﬁmedml@a@ﬁ heaé ard fifsamp \eiéﬂchmr@fbﬂﬁ_rtogg gﬂ.pplt y a d}anse
Bt At Rt A e A M e G A R
coat edffendignt asinhies iasbaviet steat, sarhehivcontpatibte coealadd stedt and/or a stent coated
Pyst hrgadahaal e aﬁgﬂ{ Iiag}gr 85’? sb% &Xéiﬁﬁiingrméfﬁ%?ce
The spray solution for coating merely the struts has in general another active agent
than the following thread-tangle spray coating.

Example 3: Pre-coating of the endoprosthesis on the example of a transurethral or
30  suprapubic catheter with an anti-bacterial active agent containing polymer

Solution: 144.5 mg PVP and a 32% spray solution of a corresponding anti-bacterial and
anti-fungicide active agent combination (e.g. erythromycin and terbinafin 3:1 w:w) is
filled up with chloroform to 22 g.

35 This spray solution is applied to the surface as described in example 1 full-size,
uniformly and without any gaps according to the spray method (dipping method also
possible).

Example 4: Full-size or strut-interstices-overlapping full-size coating of the
40 endoprosthesis with a PLGA thread-tangle



An endoprosthesis is firmy nounted on a polished stainless steel rod
and di pped into a 10 viscous pol yuret e (PU) solution in THF (ca.
1699 (e.g. chronoflex C 65D from Avansource Biomaterials Inc.). On

it e P by (6C pBi9G e Bhedfie fePopr R ok ol 8 Gt £ PR b6tltion
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thr ead*afpgk% HehSahRistBFEpérrsatie tead-taagef ul |y fromthe netal 15rod.
Exanpl e . Thread-tangl e coating on an endoprosthesis crinped on a

bal | oon catheter 20 The pre-treated stent is crinped on a ball oon
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St r ut - onttbe spiereg sovface appi ng ful | -size coating of stents with a

PDL&25 Thread-tangl e Each 10 stents were pre-sprayed on the struts

only with a 0.5% PDLG sol ution (Purasorb PDLG 5010 from PURAC wi th an

i nher et &ndepsasthesigs firply mppaiedian 8 pelished stainlags sieslirethgnd dippeddnto a
adih@si QRcBlis tpylretrad TRUYIeIRRN e THI Yés. 1644d) k. ¢lr ¥hidtiohbe B®B5D from
stents ,were s r%ied gé({tt? 3% PDLG sol ution to apply a dense
threadﬁvﬁﬂﬁ?@%‘a 8masts %3‘%5 sprayed over the right and left edges

01;1 t he Gst that slightly driead stfiecd anninifprpoinnésd-taglo wdsirde applistien Sh]elféllowing
The PL t t t,d n- expan . sten

the colinoa Yo B0t B Peant B B STERAOENIGH B iigftBhex Eson).
cri npi Afeodirying tbel susbnthceadréangie aoatesk stardiis removednearefuiyerem. thehmetal
PD# - t pgpad-tangl e coating of the 50 % pre-expanded stent renmined
intact during crinping and expansion. The functionality of the

coating of the 50 % pre-expanded stent was still unchanged after

StOragEx’afrIpIE-GAaVSth\éédﬂmngiarbdafmgt oAt ﬁ@ﬁ@ﬂﬁi{ﬁ@&?ﬁ@iﬁ% ! b? on a balloon
ndopr ost hesi s wi esulfate

6B: He ﬁmati ble coating of an e
reacegg d heparin Non-expanded stents made of nedical stainless
steel LVM 316 are degreased with
20 The pre-treated stent is crimped on a balloon catheter and subsequently full-size
coated with a 5% PLGA spraying solution (Resomer RG504H from Evonik with an

inherent viscosity of 0.54 dl/g) in chloroform according to example 2.

Example 7A: Strut-interstices-overlapping full-size coating of stents with a PDLG-
25 Thread-tangle

Each 10 stents were pre-sprayed on the struts only with a 0.5% PDLG-solution
(Purasorb PDLG 5010 from PURAC with an inherent viscosity of 1.03 dl/g) this pre-
coating ensuring a better adhesion of the thread-tangle on the struts. After drying the

30 stents were sprayed with a 3% PDLG-solution to apply a dense thread-tangie. The
coating was sprayed over the right and left edges of the stent such that the turning
points lay outside of the stent.

The PLGA-thread-tangle coating on the non-expanded stent as well as the coating of
35 the 100 % pre-expanded stent ruptured after crimping on the balloon catheter and
expansion to 4 mm diameter. The PDGL-thread-tangle coating of the 50 % pre-
expanded stent remained intact during crimping and expansion. The functionality of
the coating of the 50 % pre-expanded stent was still unchanged after storage for 5-
days without an inert atmosphere.
40



5acetone and ethanol in the ultrasound bath for 15 mnutes and dried
in the drying cabinet at 100C. Subsequggtly, they are dipped into a 2%
3-am nopropyl triethoxysilane solutiofi"in an ethanol/water m xture

At or earynENa O8; BN STpde B T 7, SlerereRsc i heurated

3 ny deseefviated heparineacet yl ated heparin are sol ved at 4Cin 30 m
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henocofﬂﬁj’atriem@eﬁlwafﬁée with a thread-tangl e. Exanpl e 8:
Mampuf act uri ng of an endoprosthesis with a snooth interior wall and 25
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SPAY rod. After drying the endoprosthesis
is incu at ed mﬁgqﬁﬁgag?h wi th SDS-solution at 60C and then

i s detached fromthe metal rod. The so obtai ned endoprosthesis has a

wal | sExahpld 76: HembeappatisieV\edatingt 6288t éndspraskhesisabadtet Nigt @ tHrBga-
sprayi, g %c '\j? deS| red range of the wall strength is

pref er'd 9@ éﬁ@éﬁﬁ nd 1.5 nm The dianeter as well as the |ength

of t he endoprosthesis is variable and depends fromthe di aneter and

en oproI%Tt shiie ﬁjr'eél’ﬁ(ﬁi éﬁ%gbn{ggﬂple ggatﬁ'@agplsﬁ eiC%@ r?fm egﬁmple 6B

hesi's W't rea car ona

admi xtank dfcan b@nap@la,eot Preéie ztbyead-ta@g & wé &9 dyUt ﬁﬂ@a’iﬂler%mglpéOQU(E BN

to 6% dﬁ@éthe@igtw;ﬂf §heaReorldiblosstade i athidadiaiyi@munt of
tenside o % 10 % and 20 % based on the proportions of solids in

the sol utions i s manufactured. During the coating with
pol yca)besmple 8r e\ﬂémfaenmngi ge- aTI—II%rmbmétb@suk heitayhi adeotH Snterive dvihcind

22 Sorived pRer B M PR e of By ileRel e . The hi gher the

pol ymer concentration in spraying solution the thicker are the

Govel b PRUneBreairdhs SR ERCRNLSES R baRier! pkibHal B e T soraying
dr opl dirgcess for manufacturing the vascular prosthesss of polytrethane.

The metal rod is initially dipped in a viscous PU-solution (e.g. carbothane PC-3575A) in

30 THF in order to obtain a smooth interior wall. Subsequently, a 6 % polyurethane-THF-

solution is sprayed on the pre-coated metal rod. After drying the endoprosthesis is

incubated for 30 min in a bath with SDS-solution at 60°C and then is detached from the

metal rod. The so obtained endoprosthesis has a wall strength of 1 mm.

35 The wall strength is adjustable through the spraying process. The desired range of the
wall strength is preferably between 1 and 1.5 mm. The diameter as well as the length
of the endoprosthesis is variable and depends from the diameter and length of the
stainless steel rod.



Wth increasing |ayer thickness the thread-tangles display a better
wetting and spreadi ng behavior for watgﬁ. (However, the different
concentrations of the tenside scarcely ave any influence on the
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| ayer thickness is varied. In case of the herein described surfaces

it is for | e, not thicker than 20 2 npl e 10: Coating of an
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a hydr ol yet her sul f one - solution: .

ng PS an(klhthdnl% ﬁ'&%@é?}%@%l ghed and filled 30 up with chloroformto
39g->0.80 %PS, 0.047 % PVP Optionally, according to exanple 1 only

a strutneaa ithg &%?a%hg m%mﬁolgéar%gﬁfﬁ;?@{hﬁweggﬂﬁﬁgaﬁ—lngoﬁf?%' 8 Wiker is

or w thout actlve a
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ageot amaeTRy @ﬁatea)ar&%d |t§ld?{9@{&t:iﬁ¢dl Bxis. PYP-solution: 23.2 ng PS, 8.8
ng sinvastatin and 3.2 PPare wei ghed and filled up to 4 g with

chl oroform 3 0.58 %PS 0 % si mvastatin, 0.08 % PCP 28 b. 13.2 ny
PS and Thethigheptvd polyxer men&a'gdjtedw apdayfnd keltion the tRickeMaidhthe resultmg

a4 g (3, caCRwbERereliond VoM R thead Bl iheiiih Shudife i
0 58 %agslutmaiesi Pywepray. ﬂﬂU%nﬁa@HOD{ai&el 5 Active agents or active

ageyt conbi nati ons can be solved in chloroformup to ca. 40 percent

by wei ght. with pol yet hersul fone and the adm xture of an
|%t r af R’pE'FTE’HPEﬁ?@' rlggahithickhess Haac Ingadjanggel disglay &s better wettingnand

ot her Rypesapfihg |Hehapiryiee ngatef. eﬁ%\h@ﬂﬂ itRe adiffetet | UmcBhirBtits lofaRé tenside
esi s

0.04 % t hat n be a endo
For med Béfﬁeﬁgﬁﬁ ¢ 8ty ke GFthe Shimadii beRRAPOR VRles o apatefiie By or
di ppi nghe hettitgeinehadert efdheaithieadkanglersathdeangl e i n an active agent
soppition (2% solution in a volatile solvent).
The thread-tangle is applied as uniformly as possible. Depending on the sprayed
endoprosthesis the layer thickness is varied. [n case of the herein described surfaces

it is for example not thicker than 20 uym.

25 Example 10:Coating of an expandable esophagus stent with a molecular permeable
thread-tangle of biostable polymeric fibers

Spraying solution with a high amount of a hydrophilic polymer:
Polyethersulfone / PVP — solution: 24.0 mg PS and 1.4 mg PVP are weighed and filled
30 up with chloroformto 3 g > 0.80 % PS, 0.047 % PVP

Optionally, according to example 1 only a strut coating basic layer of polyethersulfone
may be applied with or without active agent, with or without hydrophilic polymeric
additive to the polyethersulfone.
35
Spraying solution with active agent examples
a) PS/simvastatin / PVP-solution:
23.2 mg PS, 8.8 mg simvastatin and 3.2 mg PVP are weighed and filled up to 4 g
with chloroform - 0.58 % PS, 0.22 % simvastatin, 0.08 % PCP




15 Exanple 11: Interfilanentary active agent containing thread-tangle
coating of an endoprosthesis The endo%ost hesi s according to exanple
8, but without the addition of a tens Is 20 coated with the
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properties of the coating.

b) Likewise it is possible to apply a pure active agent layer on the thread-tangle
25 coating by spraying the surface with a solution with a defined amount of active agent
and subsequent drying.

c) The thread-tangle coating can also be loaded in a most easily manner with
another or the same active agent by dipping it in an active agent containing solution.
30 By means of capillary forces the pores of the thread-tangle are filled with active agent.

d) In the same way the different active agents can be applied separately, for
example e) filling of the pores of the thread-tangle with agents, will accelerate the
uptake of active agent in the vascular wall.

35
e) Filling of the pores with short-term biodegradable polymers such as PLGA 50/50,
that can release the active agent controlled and time-displaced.

) Combination of the aforementioned possible variations.
40
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coating has neshes. Endoprosthesis ac;:Tg({)dl ng to claim3, wherein the
nmeshes have an average transverse dia in the range of 0.01 pmto
1. 000 pm and/or an average |ongitudinal dianeter in the range of 0.01
pmto 1.000 pm Endoprosthesis according to one of the previous

clainms, wherein the threads of the tﬁﬂ@mﬁtangl e coating are porous.
Endoprost hesi s according to one of the previous clains, wherein the

t hread-tangl e coating has a porosity defined as air perrreabi lity of 1
to 150 ml air per square centineter per mnute at a pressure

di f Ber elnceI @ndbprodthesis Eﬂﬂvarmesham@g::a@ﬂéh@?)aﬁ'ﬁalﬁ@ cobtihdf at polymeric
previous c | e coating has a porosity
defined as %/a rm\@gﬁégggilbﬁf Sﬁe(iglbreta gB%erﬂI(chQ mn) and in
particular of 150 to 250 n1/(crr2 mn). Endoprosthesis according to

one of §|t he @n%\ﬁbgé&héé é"é’ﬂ%}p Jlmg%alﬁ#’ vbf?ér@ﬁ’\ ﬁ\t tﬁ@é&té’rgﬁie consists of at

antiproliferativ

anti- 30 aﬂﬁﬁ%gé’ﬁ?c biesjalyst A @IOC@&'@@WBC poamer- r%&%@@ﬁ@t ifr@m the QFOUP
ant - neopl agbfprigfig Olhﬁq{segﬂ lofand/ or anti-nycotic agent.

9. Endopr ost ccord rein the at | east one
antiprol i fel‘h')é’?w{f‘é a@&ntﬁo ?#Vlgﬁﬁa %gpﬁth\éﬁgmp@lmwl yChigrge nmobeying j gster,
anti - angi ogpolwmyd:yta:@taiésc polysmildes, C, payitiides st poigatyinitriles, polyethers

ti- | |
from the’ or Bayesits: | FAABIR, RS palRhberBifRt, CodfRlade BabERcBies,
acetyl vi sm Qﬁ |®tld§cqfa§|UbD|¢d€r$, adbitesanmi nearboxyalkyl  chitosans, collagen
adyganycin, ﬁ@%’tﬁyléﬁé OHDEQN. FHFGRYI E&r@lt@@ﬁéeﬁiﬂ @r@%ﬂ@i&% E>8|ystyrenes

am nogl ut et ansacri ne, ana a, ana anenon

ami nopt er i nB° V3 PR BT Wl asa‘#ﬁri‘ﬁ’ﬁ’ﬁﬁvbtéipp%§°]yﬁfﬂﬁ5§y%PPh/m%”ﬁg?dﬁ@Bﬁwes of
ari st ol act atheMaforementitddpblymersi d, asconycin, asparagi nase,

aspirin, atorvastatin, auranofin, azathioprine, azithronycin,

baccatlne bafllonyC|n baS|I|X|nab bendanusti ne, benzocai ne,

ber ber Bne, betiapiosthdsis abcondngtsi dairbill abd)| whévieqipthe theead-tahgie cohfing has
bl ggnycin, H@gﬁ:\% gstatin, Boswellic acids and derivatives thereof,
bruceanol es and C, bryophyllin A busul fan, antithronbin,

bi val i rudi n, cadherins, canptothecin capeci t abi ne,

0- car banoy! Eﬂb@ﬁ@é]théw@tdc@o toCaBRR R aﬁvh@relﬁathguﬁkbﬁés HRleeaRXhlerage

cephar ant hlp cer.i va(ﬁt at P i nhi b o{gﬁ RI 0£8g€um

chl or oqui nel BASESRG! am@ ‘?,ru'ﬂ"o enraqgepp & Ao |pjgnd/or an average

cI adri bi ne, loPgitotiaal dianwtgcinthecrahgdiof Orts, peasclhd@inyai.n, counadin,
?/pe Natriuretic Peptide (CNP), cudraisoflavone A, curcum n,

cyc

ophospham de, cycl osporine A cytarabine, dacarbazine,
dacl i zBrmb, Efdepiostiasis accerdingote, ona o dheprevioys diainsf whatsin the threads of

1, 11-di net h@])éyﬂ;@égdltd?} s BN Ggigféeﬁ%g% doxor ubi ci n, daunonyci n,
epi rubi cin, epothilon A an erythromycin, est rarrusti ne,

et oposi de, 25everol i rrys, filgrastim flurobl asti n, fluvastatin,
f 1 udarabi neEnfibprdatiaRinectording to one of the previous claims, wherein the thread-

30 tangle coating has a porosity defined as air permeability of 1 to 150 ml air per
square centimeter per minute at a pressure difference of 1.2 kPa.

7. Endoprosthesis according to one of the previous claims, wherein the thread-
tangle coating has a porosity defined as water permeability of 100 to 300 ml/(cm?

35 = min) and in particular of 150 to 250 ml/(cm? * min).
8. Endoprosthesis according to one of the previous claims, further comprising at
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inhibitors, apoptosis regulators, halofuginone, nifedipine, tocopherol, franilast,
20 molsidomine, tea polyphenols, epicatechin gallate, epigallocatechin gallate,
leflunomide, etanercept, sulfasalazine, etoposide, dicloxacillin, tetracycline,
triamcinolone, mutamycin, procainimide, retinoic acid, quinidine, disopyramide,
flecainide, propafenone, sotoloi, natural and synthetically obtained steroids,
inotodiol, maquiroside A, ghalakinoside, mansonine, strebloside, hydrocortisone,
25 betamethasone, dexamethasone, non-steroidal substances (NSAIDS),
fenoprofen, ibuprofen, indomethacin, naproxen, phenylbutazone, antiviral
agents, acyclovir, ganciclovir, zidovudin, clotrimazole, flucytosine, griseofulvin,
ketoconazole, miconazole, nystatin, terbinafine, antiprotozoal agents,
chloroquine, mefloquine, quinine, natural terpenoids, hippocaesculin,
30 Barringtogenol-C21-angelat, 14-dehydroagrostistachin, agroskerin,
agrostistachin, 17-hydroxyagrostistachin, ovatodiolids, 4,7-oxycycloanisomelic
acid, baccharinoids B1, B2, B3 and B7, tubeimoside, bruceantinoside C,
yadanziosides N and P, isodeoxyelephantopin, tomenphantopin A and B,
Coronarin AB,C und D, ursolic acid, hyptatic acid A, iso-iridogermanal,
35 maytenfoliol, effusantin A, excisanin A and B, longikaurin B, sculponeatin C,
kamebaunin, leukamenin A and B, 13,18-Dehydro-6-alpha-
senecioyloxychaparrin, taxamairin A and B, regenilol, triptolide, cymarin,
hydroxyanopterin, protoanemonin, cheliburin chloride, sinococuline A and B,
dihydronitidine,  nitidine  chloride,  12-beta-hydroxypregnadien-3,20-dion,
40 helenalin, indicine, indicine-N-oxide, lasiocarpine, inotodiol, podophyliotoxin,



25treating lesions of the wall of body passages, stenosis,
restenosis, in-stent restenosis, Iate3§tent t hr onbosi s,
arteriosclerosis, vascul ar occlu5|ons vascul ar constrictions,

constri ct egggﬁ@} bih valyes, ;apeur gsns, Iat?rretaltl i ci al, ﬂgttelnﬁt S %%L{Jtﬁ ﬁ?cﬁ’nér?ol

t he human and Ia |ng a luneh in unman 3013
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5 ricin A, sanguinarine, manwu wheat acid, methylsorbifolin, sphatheliachromen,
stizophyllin, mansonine, strebloside, dihydrousambaraensine,
hydroxyusambarine,  strychnopentamine,  sirychnophylline,  usambarine,
usambarensine, liriodenine, oxoushinsunine, daphnoretin, lariciresinol,
methoxylariciresinol, syringaresinol, sirolimus and its derivatives such as

10 piolimus A9, everolimus, myolimus, novelimus, pimecrolimus, ridaforolimus,

tacrolimus FK 506, temsirolimus and zotarolimus, somatostatin, roxithromycin,

troleandomycin, simvastatin, rosuvastatin, vinblastine, vincristine, vindesine,

teniposide, vinorelbine, trofosfamide, ftreosulfan, temozolomide, thiotepa,

tretinoin, spiramycin, umbelliferone, desacetylvismione A, zeorin, vismione A and
15 vismione B.

10.  Endoprosthesis according to one of the previous claims, wherein the
endoprosthesis is provided with an exterior hemocompatible layer and/or an
interior hemocompatible layer.

20

11.  Endoprosthesis according to any of claims 1 — 10, wherein the endoprosthesis is

a stent.

12 Endoprosthesis according any of claims 1 — 11 for preventing, reducing or
25 treating lesions of the wall of body passages, stenosis, restenosis, in-stent
restenosis, late stent thrombosis, arteriosclerosis, vascular occlusions, vascular
constrictions, constricted heart valves, aneurysms, artificial outlets and inlets to

the human body and laying a lumen in the human body.

30 13. Method for coating of an endoprosthesis comprising the following steps:
a) providing an endoprosthesis,
b) solving a polymer in a volatile solvent,
c) applying of a thread-tangle of the polymer by means of spraying or
electrospinning on the surface of the endoprosthesis.
35



