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Technical Field

This invention relates generally to medical devices and, in
particular, to an intravascular medical device treated with a
thrombolytic agent and or an antithrombégeﬁic agent.

10 Backaground of the Invention
When medical devices such as .catheters, wire guides,

cannulae, stents, and the like are introduced ‘into the vascular
system of a patient and manipulated through.the vessels thereof, the
blood vessel wall is commonly disturbed or injured. Thrombus often
15 forms at the injured site, and the blood vessel can experience
obstruction or closure. Should the medical device remain within the
vessel for an extended period of time, thrombus often forms on the
device as well. Both blood platelets and blood coagulation factors
play key roles in thrombus formation. Platelets adhere to foreign
20~ objects in the blood or to injured vessel walls and then aggregate
to form platelet plugs. The coagulation factors interact in a
cascade . of reactions that result in the conversion of soluble
fibrinogen into insoluble fibrin threads. The platelet aggregates
serve as anchors or attachment sites - for fibrin, and the fibrin
5 threads form a mesh which entraps blood cells and more platelets.
The platelets also secrete procoagulant factors which further
promote fibrin formation. This positive feedback cascade continues
resulting in the formation of a network of platelets, fibrin and
entrapped blood cells which constitute a thrombus. 2as a result of
30 throhbus formation, the patient risks complications such as heart
attack, pulmonary embolism, and stroke. .
Attempts to control thrombus formation and reduce thrombotic
vascular occlusion have traditionally involved: the use of
systemically administered antithrombogenic agents. These include
35 both the anticoagulants, which inhibit the conversion of soluble
fibrinogen into insoluble fibrin, and the antiplatéleéiagents, which
Sheet Has Been Reﬁaced

WO, o




PPT/ )
When nedi cal deyices such as catheters, wire gui de‘sP’CHISr%IdéLJ, Ltzenlé 3nd
the Iike are i/ﬁroduced into the vascular systemof a patie and ,

T
mani pul at ed through the vessels thereof, the bl ood vessel MLFV'Si%*Eébh%rﬁEﬁN
di sturbed or/injured. Thronbus often forms.at the injured gite, NEHACERe

bl ood vessef; ,gan %ﬂ&”%égﬁéﬁc{%?iﬁ@ﬂu@inﬁgQaHééioﬁt‘OHP@ﬂe%gt'It%&' CAld The

device regain Wi thin the ves an extended period o ronbus
of ten f ofaETER1PRe OfcProsoagulant. fBstRnsi-0ood pl atel ets and bl ood

coagul gfi on fact gugrakay thda i | InvdI ey Sahel BRtbRABogBhakelagentadhele

n .
geparin, thrombolytic agents like urokinase, or combinations thereof

are not new. Surface immobilized heparin was first reported in the
early 1960's, and surface immobilized urokinase or urokinase-heparin
preparations were reported in the early 1970's. - However, the
methods reported for immobiliziné urokinase have involwved either
covalent or ionic binding of urokinase rather than the simple
10 dispeggion of urokinase throughout a carrier polymer matrix.
Covalent binding of urokinase, or any drug, chemically changes the
drug, often reducing or destroying its beneficial pharmacologic
activity. Ionic binding requires the use of binding agents, such as
the quaternary ammonium surfactants or the use of polymers
15 containing charged functional ' groups. These binding agents or
charged polymers are often toxic or cause local inflammatory
reactions. ' |
One medical device such as an intravascular stent provides
a useful adjunct to percutaneoué transluminal catheter angioplasty
20 (PTCA), particularly in the case of acute or threatened vessel
closure after an angioplasty procedure. --A problem with the use of
intravascular stents is that stent implantation requires aggressive
and precise antiplatelet and anticoagulation therapy typically via
systemic intravascular infusion. Still, the incidence of thrombosis
5" complications remains significant. Furthermore, a side effect .of
this systemic antiplatelet and anticoagulation therdpy is increased
blood loss at the percutaneous entry site where the stent is
introduced into the vascular system. As a result, the incidence of
bleedihg'complications remains significant.

30
Summary of the Invention _
The foregoing problemé are solved and a technical advance is
achieved in an illustrative intravascular medical device having a
structure shaped and sized for introduction into the vascular system
35 .of a patient. ' To advantageously .minimize, if not eliminate,

inflammation, the structure has biologically inert éroperties and
includes a thrombolytic agent and/or an antithrombogeniq:agent. In
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’ Qifﬁérnétgﬁéﬂy Nfhe base material can include the biologically inert

material. In another aspect of applicant's invention where the base

material is not completely biologically inert, the base material
advantageously " includes an antiinflammatory agent ‘or the
antiinflammatory agent can be included in a coating material which
is applied over the base material to minimize, if not eliminate,
10 inflammation of vascular tissue.

»-

.

The structure of the intravascular medical device also
includes a thrombolytic agent and/or an antithrombogenic agent. The
antithrombogenic agent advantageously minimizes thrombus formation.
The inclusion'of a thrombolytic agent advantageously causes the

15 breakdown of existing macroscopic thrombi and/or prevents the
formation of macroscopic thrombi by causing the breakdown of
microscopic thrombi as they form. Preferred thrombolytic agents
include streptokinase, urokinase, and tissue plasminogen activators
(t-PA). However, any thrombolytic agent can be incorporated into

20 the structure of the device to reduce stent thrombosis.

- The thrombolytic agent is advantageously included in the
structure of the device without ionic or covalent bonding to the
other materials of the structure. This eliminates toxic reactions
caused by ionic bonding agents and also eliminates the reduction of

5 thrombolytic activity caused by covalent bending. The thrombolytic
agent can be included in the base material of the structure or
hdmogeneousiy included with a coating material.

| To advantageously minimize inflammatofy reactions due to
materials. of the structure that are not completely biologically

30 inert, an antiinflammatory agent is included in the structure of the
device. The antiinflammatory agent can be of the nonsteroidal tyge
such as salicylates, propionic acid derivatives, and others. The
antiinflammatory agent can also be of the steroidal type such as
cortisone, dexamethaéone;_betamethasone,.prednisone, and others.

35 When the steroidal type of antiinflammatory agent is used, further
benefits from antiproliferative effects can be achievé@, which help

L
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The inclusion of the antithrombogenic agent in the structure
of the device advantageously reduces thrombosis while eliminating
the side effects associated with systemic administration. The
antithrombogenic agent includes an anticocagulant and/or an
antiplatelet agent. The anticoagulants include, for example, a
heparin, hirudin, hirulog, agatroban, tick anticoagulant peptide,
antistasin, and a variety of other natural and synthetic inhibitors
of the coagulation factors. The antiplatelet agent includes, for
exampl;, aspirin, dipyridamole, ticlopidine, sulfinpyrazone,
prostaglandins, vonm Willebrand factor antagonists, glycoprotein
IIb/IIIa antagonists, and others. - The base material comprises
one or more of a metal, stainless steel, tantalum, nitinol, gold,
platinum, inconel, iridium, ‘carbon, plastics, polymers) or a
biclogically inert material. The structure can include a
bioclogically inert material or a biologically inert material can be
advantageously iﬁcluded in the base material of the structure. The
bioclogically inert material includes one or more of a cellulose,
cellulose compounds, cellulose-based polymers, cellulose esters,
cellulose ethers, cellulose acetate, cellulose nitrate,
polyurethanes, silicones, ethylene ‘vinyl acetate copolymers,
polymethylemethacrylates, polyhydroxyethyl methacrylates,
polyethylene terephthalates, polytetrafluoroethylenes, polyether
urethanes, polyethylene oxides, nylons, polyesters, polyamides,
polyimides, polyvinyl chlorides, polyvinyl acetates, polyolefins,
polystyrene, polypropylenes, polycaprolactones, epoxles parylenes,
hydrogels, polyv1nylpyrrolldone, polyvinyl alcohols, ‘polyethylene
glycols, - polyacrylamldes, polyglycolyic acids, polylactic acids,
proteins, collagen, albumin, lipids, phospholipids, and
phosphatidylcholine. '

The structure of the med1ca1 dev1ce can advantageously

" include one or more of the aforementioned base materials along with

a coating of one or more of the blologlcally inert materlals with
the thrombolytic agent and/or ‘the antlthrombogenlc agent
homogeneously included in the coating and/or materla£;

1
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t he 4gplied to the surface of a base material, a primer coating of
biologically inert material is applied to the surface of the medical
device structure for adhering at least one of the thrombolytic and
antithrombogenic agents. '

In an alternative embodiment of the present invention, the
intravascular medical device can include a structure of which the
base material and the thrombolytic agent are combined together. The
antithrombogenic material is then applied or added to further
enhange the ability of the device to minimize and/or dissolve the

formation of thrombus thereon.
The method of treating a medical device with a thrombolytic
agent comprises providing a base material for the medical device
. along with the thrombolytic agent. The base material is treated
15 with the thrombolytic agent to advantageously dissolve the thrombus
on the surface of the medical device. The base material is.
advantageously dipped into a solution of the thrombolytic agent and
then removed to allow the thrombolytic agent to dry thereon. The
steps of dipping and drying the base material and the thrombolytic
20 agent is repeated to form a desired concentration of thrombolytic
agent on the base material. The method further includes providing
a polymer or a biologically derived material and mixing the
thrombolytic agent with the polymer or biologically derived material
and applying the mixture to the base material.

Brief Description of the Drawing
FIG. 1 depicts a partial cross sectional view of an

intravascular medical device of the present invention with a
thrombolytic coating on the structure of the device;
30 _ FIG. 2 depicts the medical device of FIG. 1 with a coating
of an antithrombogenic agent on the base material of the device;
FIG. 3 depicts the medical device of FIG. 1 with a first
antithrombogenic agent coating formed on.the base material and a
second thrombolytic agent coating formed thereon;
35 FIG. 4 depicts the medical device of FIG. 3iwith a primer
coating first applied to the base material for ‘adhering the
4
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coating and three separate layers each of the antlthrombogenlc and

thrombolytic agent coatings applied thereto;
FIG. 6 depicts the base material of a medical device which |

has been placed in human blood;

_ . FIG. 7 depicts the base material of a medical device treated.
with a thrombolytic agent and then placed in human blood; and
10 . FIG. 8 depicts the medical device 10 of FIG. 1 with, a
homogeneous coating of a thrombolytic agent, an antithrombogenic
agent, and a biologically inert mate:ial{

Detailed Description
15 FIG. 1 depicts a partial cross-sectional view of an

_intravascular medical device 10 such as a stent, catheter, wire
guide, cannula, and the like having a structure 11 shaped and sized
for introduction into the vascular system of a patient. The
structure of a stent typically includes a formed wire such as th¢

20 commercially available Gianturco-Roubin FLEX Stent from Cook

Incorporated, Bloomington, Indiana, for percutaneous introduction to

a failed angiopiasty site. The structure of a catheter, wire guide,.

cannula, and the like are also well-known and commercially available

also from Cook Incorporated as well as other medical device

5 manufacturers. These intravascular medical devices are commonly

inserted into the vasculature of a patient using well-known

percutaneous surgical procedures. To advantageously minimize the

formation or removal of thrombus on the medical device, the

structure includes a thrombolytic agent 13 and a base material 12

30 treated with the thrombolytic agent. In FIG. 1, thrombolytic agent
13 is depicted as a coating on base material 12.

Base material 12 of the intravascular medical device
includes any one of a number of different commercially available
'biocompatible materials such as a metal, a plastic, a polymer, a

35 biologically inert material, or a biologically der%ved material
suitable for the formation of the structure. The structure of the

intravascular medical device preferably includes a bi:_o'logically
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gold, platinum, inconel, and iridium, which are all commercially
available metals or alloys used in the fabrication of medical
devices. All of these metals are well-known to be biocompatible-
materials. The biologically inert material includes one or more of
a cellulose, cellulose compounds, cellulose-based polymers,
10 cellulpse esters, cellulose ethers, cellulose acetate, cellulase
nitrate, polyurethanes,. silicones, ethylene vinyl acetate
copolymers, polymethylemethacrylates, polyhydroxyethyl
methacrylates, polyethylene terephthalates,
polytetrafluoroethylenes, polyether urethanes, polyethylené oxides,

15 nylons, polyesters, polyamides, polyimides, polyvinyl chlorides,
polyvinyl acetates, polyolefins, polystyrene, polypropylenes,
polyéaprdiactones, epoxies, parylenes, hydrogels,
polyvinylpyrrolidone, polyvinyl alcohols, polyethylene glyéols,
polyacrylamides, polygiycolyic acids, polylactic acids, proteins,

20 collagen, albumin, lipids,'phospholipids{'and phosphatidylcholine.
The biologically inert material can also be included in or can
constitute the entire base material or form a portion thereof. The
polymer comprises at least one from a group consisting of well-known
cellulose acetate, cellulose nitrate, silicone, polyethylene

5 teraphthalate, polyurethane, polyamide, polyester, polyorthoester,
and a polyanhydride. The polymer can also include one of the
aforementioned biologically inert materials. Biologically qeriVed
material. includes, by Way of example, proteins, collagen, and
lipids. More broadly, the thrombolytic agent includes a plasminogen

30 activator which stimulates or augments the blood fibrinolytic system
which breaks down thrombi by breaking down insoluble fibrin into
soluble fibrin degradation products} The thrombolytic agent can
both cause the breakdown or lysis of existing maérosdopic thrombi

and prevents the formation of macroscopic thrombi by causing the

35 lysis of mlcroscoplc thrombi as they form. ) :

Thrombolytic agent coating 13 comprises at least one from a

group consisting of well-known and commercially avallableéuroklnase,
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Depicted in FIG. 2 is medical device 10 of FIG. 1 with a

.second coating 13 of an antithrombogenic agent on base material 12.
This_antithrombogenic agent includes an -anticoagulant and/or an
antiplatelet agent for inhibiting the formation of thrombus on the
medical device. The anticoagulant agent typically includes heparin,..
hirudin, hirulog, agatroban, tick anticoagulant peptide, " and
antistasin. The antiplatelet agent typically includes aspirin,
dipyridamole, ticlopidine, sulfinpyrazone, prostaglandins, von

_Willebrand factor antagonists, and glycoprotein IIb/IIIa

antagonists. ‘ e

FIG. 3 depicts the medical device 10 of FIG. 1 with the

15 antithro¢bogenic agent coating 14 formed on base material 12 first

and throﬁbolytic agent coating 13 formed on top of coating 14.

FIG. 4 depicts medical device 10 of FIG. 3 wherein a primer
coating 15 has been first applied to base material 12 for adhering
the coatings of the antithrombogenic agent 14 and thrombblytic agent

20 13 to the base material. This primer material coating includes, for
example, well-known and commercially available cellulose esther,
cellulose nitrate, polyurethane, or a combination thereof. " The
primer can also include any of the aforementioned biologically. 1nert;j
materials.

5 FIG. 8 depicts medical device 10 of FIG. 1 wherein _af;!;
homogeneous coating 22 of a thrombolytic agent 13, antithrombogenic.

agent 14, and a biologically inert material 15 has been applled to
base material 12. The bioclogically inert material of the .
homogenecus coating is not ionically or covalently bonded to the
30 thrombolytic agent. This homogeneous coating does not. affect the
strength or effectiveness of the thrombolytic agent. Furthermore,
the biologically inert material minimizes, if not ellmlnates.
inflammation of surrounding vascular tissue. An antllnflammatcry
agent 23 is also included in the homogeneous mixture to minimize the
35 effects of any material of base material 12. AntllnflammatorY agent
23 can also be included in the structure of base materlal 12. _The.
antiinflammatory agent can include a sterocidal or a n?nsteroidal

- This Sheet Has Been Rerlace 8




: i B \ ~t I
cel | ul ose-based pol ymer on said base nmateri al . Accordi ng To anotEEr 2 -
aspect qf the present invention there is provide an intrav '
devi ce conprising: a structure shaped and sized for introdu W'%ﬁ“ﬂﬁt*msasgsm
vascul ar system of a patient, said structure |nclud|ng a base nEFEAP and
a honpgeneous coahin 4 €. g f Brtis
t hr onbol ytyﬂt agen gs azﬁoaladh f?%éer?r%oéégﬁ?{ghg&n r?&or}ﬁéfeas? gne F&r%oéle'
group cog;xgmehga§¢na,cbptgmgg@aap@ea and prednisone, dexamethasone being

fche preferred antiinflammatory agent. The nonsteroidal

v antiinflammatory agent includes one or more of the salidylates and

/5 propionic acid derivatives.
: FIG. 5 depicts medical device 10 of FIG. 3 with primer
coating 15 with three separate layers of antithrombogenic agent 14
and three separate layers of thrombolytic agent 13 applied
thereover. ' ' '
10 . Although medical device 10 has been illustrated as having
separate coatings of a thrombolytic agent 13 and antithrombogenic
agent 14 applied thereto, it is to be understood and contemplated
that medical device 10 can be formed by mixing the antithrombogenic
agent, thrombolytic agent, and the base material together to form
15 the basic structure of the device. A primer can also be applied to
this mixture for facilitating the bonding of the two agents to the
base material. Alternatively, the intravascular medical device of
the present invention can also be a structure including any one or
more of the aforementioned thfdmbolytic agents'and a base material
20 treated with the thrombolytic agent. It is also contemplated that
the base material can also include carbon such as assoc1ated with
pacemaker leads. The base material and thrombolytlc agent can be
formed together and then extruded or formed to form the
intravascular medical device as desired. The antithrombogenic agent
'S can be applied in the form of a coating or, alternatively, aisq
included in the mixture as previously discussed. '

The method of'treéting a device with a thrombolytic agent
comprises” the steps of providing a base material for the medical
device along with providing a thrombolytic agent and treating qhe

30 base material with the thrombolytic agent as will be described'in 
more detail hereafter. The step of treating the base material
includes dipping the base material such as stainless steel into a
solution of the thrombolytic agent-such as urokinase. The base
material is removed from the sd}ution and the thromboly;ic agent

35 coating allowed ‘to dry. The steps of dipping a§d  drying the

thrombolytic agent on the base material is thén repeated as many

times as desired. The method of treating a medical deyice with a-
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-ff."'lologlcally derived material as previously described. The

/ thrombolytic agent and the polymer, biologically inert material, or
biologically derived material are mixed and then applied to the base
material.

" Depicted in FIG. 6 is base material 17 such as stainless

steel of a medical device which has been placed in human blood. Red
blood cells 18, crenated red blood cells 19, platelet aggregates 20,

10 single platelets 21, and a 1arge number of fibrin threads 22 have
formed on the untreated base material when placed in, for'example,

human bloocd. FIG. 7 depicts base material 17 treated with a

thrombolytic agent as described herein. Only a small number of red

blood cells 18 and fibrin threads‘22 appear to have formed on the

15 treated base material. Both of these figures illustrate samples of
stainless steel treated with urokinase and magnified 1,500 times.

A description of the materials and method used with in-vitro

thrombus deposition on three Gianturco-Roubin FLEX Stents from Cook

Incorporated will now be described. In-vitro thrombus deposition on

20 three Gianturéo-Roubin. coronary FLEX stents was examined. The

stents were 20-25 mm in length and designed to expand to 2.5-3.5 mm

in diameter. One stent was made from 0.006" diameter stainless

steel wire, a second from 0.006" diameter tantalum wire, and a third

from coated 0.006" diameter stainless steel wire. The third stent

‘'S was coated with a layer of primer (35066C, STS Biopolymers, Inc.,

Rush, New'York) followed by 3 layers of heparin in a cellulose

polymer (Medicoat Heparin type 35066A, also commercially available

from STS Biopolymers Inc.). After deployment, the third stent was
further coated with urokinase (Abbokinase™, urokinase for injection,

30 50,000 I.U./ml, commerc1ally available from Abbot Laboratories, as

follows. The stent was dipped in the urokinase solution for

- approximately 5 wminutes, dried in room air for approximately 30
minutes, dipped in urokinase solution for approximately 1 minute,

dried in room air for approximately 30 minutes, dipped in urokinase

35 solution for 5-10 seconds and dried in room air fpr 30 minutes

before further handling. The uncoated stents were also deployed

!
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and a seqﬁhd throan*ytrc agent coating forned :
L Each "stent ‘was suspended from the cap of a 6 ml test tube

7 for incubation in blood. Eighteen ml of human venous blood was
collected in a series of three 6 ml vacutainer tubes, each
containing 0.06 ml of heparinized normal saline (100 U of
" heparin/ml). .The blood, containing 1 U of heparin per ml, waé then

carefully poured into the incubation tubes and the caps suspending
the stents were placed on these tubes. The tubes were positioned oh'
10 an inclined turntable rotating at épprbximately 20 rpm in -a 37
degreé C oven. The tubes were positioned so that the stent remaigéd
totally immersed in blood for the entire incubation period which
lasted one hour. The tubes were positioned so as to rotate in a
well-known manner. After the one hour incubation in blood, each
15 stent was gently rinsed (2 dips of approximately 1-3 seconds

duration each) in 37 degrees C phosphate buffered saline and then
fixed in 3 percent glutaraldehyde in Milloniz's phosphate buffered
saline for at least 30 minutes before further processing. After
standard preparation (post-fixation in osmium, dehydration, critical

20 point drying and gold sputter coating) the stents were examined by
scanning electron microscopy.

The surfaces of the uncoated stainless steel and tantalum
stents were completely covered with a dense fibrin mesh containing
platelets and red blood cells. For each of these stents, there was

75 some variability in this covering from region to region. However,
there were no striking differences between the stainless steel and
tantalum stents and the coverage was visually estimated to be near
100 percent. '

The surface of the H-UK coated stent (the third stent)

30 appeared strikingly different. The vast majority, (visually'
. estimated at 90-95 percent) of the surface had only a few adherent
red blood cells and a rare adherent platelet. There was also some
variability in this covering and a visually estimated 5 to 10
percent of the surface had a slightly.y denser layer of adherent red
35 blood cells with a few platelets and an occasional fibrin thread.
The most striking difference between the coatea.and uncoated
stents was the fibrin deposition. Nearly 100 percent of the surface

This Sheet Has Been Reﬁlaced ) | -11-
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thereon; FIG 4 depicts the nedical device of FIG 3 'th é prlner cgag 4%
first applied to the base material for adhering the 6 ant} L H6QBR0ge BN
and thronbol ytic agent coatings to the base material; REPLACED

7
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_//che uncoated stents appeared covered with fibrin in contrast to
F visually estlmated fibrin coverage of only 1-2. percent for the

/'coated stent.

Heparin is a mucopolysaccharide anticoagulant typically
obtained from porcine intestinal mucosa or bovine lung. Heparin
acts as a thrombin inhibitor by greatly enhancing the effects of the
blood's endogenous antithrombin III. Thfombin, a potent enzyme in
the ccagulation cascade, is key in catalyzing the formation of
fibrin. Therefore, by inhibiting thrombin;-heparin inhibits the
formation of fibrin thrombi. However, heparin's inhibition of
thrombin and fibrin formation is not 100 percent as evidenced by the
fibrin deposition on uncoated stents in heparinized blood.
Furthermore, heparin does not have fibrinolytic activity.

Urokinase is a plasminogen actuating enzyme typically
obtained from human kidney cell cultures. Urokinase catalyzes the
conversion of plasminogen into the fibrinolytic plasmin which breaks
down fibrin thrombi. : ‘ _

It is highly probable thatﬂbbth the heparin and urokiﬁase on
the coated stent contributed to the dramatic reduction in fibrin
deposition on this stent. It has not been determined which of these
agents may have had the greater effect. Moreover, it has not been
determined whether the effects were localized near the surface of
the stent or whether the delivery of heparin or urokinase may have
caused anticoagulant and/or'fibrinolytic effects respectively on the
entire 6 ml of blood in which the stent was incubated.

In another series of experiments performed by the inventors,
coated steﬁts were implanted in the external iliac arteries.of

‘rabbits for periods of up to_six months. Although no inflammatory

reactions.were observed in response to the cellulosic polymers used,
the quaternary ammonium binding agent benzalkonium chloride was
associated with an intense inflammatory reaction when included in
the stent coating. However, when the potent antiinflammatory
steroid dexamethasone was also included in the coating, the
inflammatory reaction was suppressed. similar results were reported
(Lincoff, et al.; "Local Delivery of Dexamethasone by an Eluting
Stent Attenuates the Adverse Response to‘Biodeéradaﬂle Polymer in
the Porcine Coronary Artery", Circulation, Vol 88, N9\4' Part 2,

heet Has Been RTlaced
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FIG 5 depicts the nedical device 10 of FIG 3 with a”l/rh"ﬁé’ra'céat‘li %g]ag‘dB

three separate |ayers each of the antithronbogenic and throffdoryT T C agent
coatings applied thereto; FIG 6 depicts the base nateri al OTH'ﬁﬁéﬁbﬁggS BEEN

devi ce whi ch has been gl aced in human bl ood; FIG 7 depicts|the
materi al of ra6FBdi Ogkobevri 3898) cwhen witents cwadeidomitihc peddhtl A tiermcid

placed in hHgRn.plHOG A, 'é;ecéan%ﬁ%%@o aHB@dm?ﬁhﬁabLﬂﬁ)’i@E)ﬁéoir@lfﬂ@éd Lin
with a ho,ﬁngeneo_us coating of a rombol ytic agent, an antithronpogeni c
porcine coronary arteries. Severe inflammation was observed in
/ response to the PLLA coated stents. However, the inflammation was
substantially less in arteries implanted with DEX-PLLA coated
s stents. Also, from a study of polylactic acid (PLA) microspheres
'*' delivered into the rabbit carotid artery wall (Dev, et al.,
"Microspheres for Drug Delivery to the Arterial Wall: A Study of
' Kinetics, Toxicity and Effects of Corticosteroié Loaded
10 Microspheres", JACC, p. 19A, February, 1994), it was reported that
arteries infused with unloaded microspheres showed inflammation
where arteries infused with dexamethasone loaded microspheres did
not.
It is to be understood that the above-described thrombolytic
15 treated intravascular medical device is merely an illustrative
embodiment of the principles of this invention and that other
thrombolytic treated intravascular medical devices may be devised by
those skilled in the art without departing from the spirit and scope
"of this invention.
20
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agent, and a bi ol ogi cal ' . Detailed Description FIG 1
depicts ,a partial crossmﬂwmﬂm um f an intravascul ar §EEN
3.0 such as a stent, ca er,L ww esgurde, cannul a, and the 'W%%ZT(AEE?
structure 11 shaped and sized for .introddction into the vascyl ar

a patient. . The structure &NTRAVASGULARPMEBICHALI -DEVIGEBs a formed W re such
as the connerC|aIIy avai |l abl e G anturco- Roubi n FLEX Stent from Cook

Incorporayéd, Bl oom ngt on, | ndiana, for percutaneous introduction to
/ : Claims

An intravascular medical device comprising:

a structure shaped and sized for introdﬁction into a
vascular system of a patient said structure having biologically
inert properties and 1pc1ud1ng a thrombolytlc agent and/or an
antithrombogenic agent

2. _fﬁe device of claim 1 wherein said structure includes\.a
biologically inert material.

3. The device of claim 1 wherein said structure includes a base
15 material and a coating of a biologically inert material.

4. The device of claim 1 wherein said structure includes a base
material including a biologically inert material.

20 5. The device of any preceding claim wherein said bioclogically
inert material includes one or more of a cellulose, cellulose
compounds, cellulose-based polymers, cellulose esters, cellulose
ethers, cellulose acetate, cellulose nitrate, polyurethanes,
silicones, | ethylene vinyl acetate copolymers,

5 polymethylemethacrylates, polyhydroxyethyl methacrylates,
polyethylene terephthalates, polytetrafluoroethylenes, polyether
urethanes,.'polyethylene' oxides, nylons, polyesters, polyamides,
polyimides,.pblyvinyl chlorides, polyvinyl acetates, polyolefins, -
polystyreﬁe, polypropylenes, polycaprolactones, epoxies, parylenes,

30 hydrogels, polyvinylpyrrolidone, polyvinyl alcohols, pglyethyléne
glycols, polyacrylamides, polyglycolyic acids, polylactic acids,

proteins, <collagen, albumin, lipids, phospholipids, and
phosphatidylcholine.
35 6. The device of any of the preceding claims wherein said base

material comprises one or more of a metal, stainless steel,

-
1.
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f r om Cook | ncorporated a r «medi cal devi ce manyf"
These i ntravascul ar nedlcal devi ces are conmonly inserted |nto {

a failed angloplasty Slt of a cat heter,
cannul a,, and the like ar “ l‘iﬂl H‘L and commer Ci al | y aval [ aeglb_%A%IBsEgN

vascul at ure gfurg, patiitamolysi aolde kaaﬂMumercin@mmsm,s suirtgindalm, prdzcre.dliu&s.

medical dodray, Bra ShOh R Dneft ouad legh BRRYGu1 GaLLl PARER RRc2Ra

material 12 treated mnth the thronbolytic agent. In FIG 1, thronbolytic

agent. 4 The device of claim 1 wherein said thrombolytic agent includes
, @ plasminogen activator. '
8. The device of claim 7 wherein said plasminogen activator
includes one or more of streptoklnase, urokinase, and a tissue
plasminogen activator (t- PA) .
10

9. The device -of claim 1, 2, 3, 4, 5, or 6 wherein said
antithrombogenic agent includes an anticoagulant agent and/or an
antiplatelet agent.

15 10. The device of claim 9 wherein said anticoagulant agent includes
a heparin, hirudin, hirulog, agatroban, tick anticoagulant peptide,
and antistasin.

11. The device of claim 9 wherein said antiplatelet agent includes
20 aspirin, dipyridamole, ticlopidine, sulfinpyrazone, prostaglandins,
' von Willebrand factor antagonists, and glycoprotein IIb/IIIa
antagonists.

12. The device of claim 1, 2, 3, 4, 5, or 6 wherein said structure
°5 includes an antiinflammatory agent. '

13. The device of claim 12 wherein said antiinflammatory agent
includes a nonsteroidal agent.”

30 14. The device of claim 13 wherein said nonsteroidal agent includes
one or more of the salicylates and/or propionic acid derivatives.

15. The device of claim 12 wherein said antiinflammatory agent
_ includes a steroidal agent.’
35 . . ;
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13 I's depicted as a coa |aI 12. Base natepPal 12 J 2 J
I ntravascul ar nedi cal mﬂp one of a nunber dé'_{ £l Blaeen
connerC|aIIy avallable b Ie naferJaIs such as a HEVQ !5 E st

a polymer, ‘a biologically inert naterlal or a biol ogical lly derlve
mat eri al sui t'ﬁbﬁedﬁbﬁlf—?h@ff Stheeim kb ofhereintsatduseerghdati Agentr anefludes

intr avascu! /abx‘mﬁ\b‘ié' 8evig£ecBrehiebal! Y h0chioeRa8oRhs 0! AU GAdbhasone, and

‘/ednisohe.

2 8

. 17. An intravascular medical device comprising:

a structure shaped and sized for introduction into a
vascular system of a patient, said structure including a base
.material, an antiinflammatory agent, and a thrombolytic agent and/or
an antithrombogenic agent. '

10
18. The device of claim 17 wherein said base material includes one
or more of a metal, stainless steel, tantalum, .nitinol, gold,
platinum, inconel, titanium, iridium, carbon, plastics, polymers,
and a biologically inert material.

L5

19. The device of claim 18 wherein said biologically inert material
includes one or more of cellulose, cellulose compounds, cellulose-
based polymers, cellulose esters, cellulose ethers, cellulose
acetate, cellulose nitrate, polyurethanés, silicones, ethylene vinyl
20 acetate copolymers, polymethylemethacrylates, polyhydroxyethyl
methacrylates, polyethyiene terephthalates;
polytetrafluoroethylenes, polyether urethanes, polyethylene oxides,
nylons, polyesters, polyamides, polyimides, polyvinyl chlorides,
polyvinyl acetates, polyolefins, polystyrene, polypropylenes,
*5 pochaprolactoneé, epoxies, parylenes, hydrogels,
polyvinylpyrrolidone, polyvinyl alcohols, polyethylene glycols,
.polyacrylamides, polyglycolyic acids, polylactic acids, proteins,
collagen, albumin, 1lipids, phospholipids, and phosphatidylcholine.

30 20. The device of claim 17,. 18, or 19 wherein said antiinflammatory
agent includes a nonsteroidal agent.

21. The device of claim 20 wherein said nonsteroidal agent includes
one or more of the salicylates and/or propionic acid derivatives.

35
22. The device of claim 20 wherein said antiinflaﬁpatory agent

. This Sheet Has Been Replaced
N

includes a steroidal agent.
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7 inert material so as to m I|n1nate an I Qr 8
reaction of Lhe vascul ar t| u“lmmllm“mr device i s pos Irmsmd“rhhgrsgé\t‘

The metal conprises, anongst *otlers, 't 3edst one froma ¢r OUPREFQABEGL | NQ
of titanium stainless steel, tantalum nitinol, gold, platluu“, ~rcane|
and iridium th@hdeYécalbfcd&aEchalMmemﬂmdaﬂﬂxﬂr&ﬂewcndalaégaqs inelludas
the fabrical EF. GhopEdigAl de&:f@fsoné‘l ! @Jxént@éfﬁaé&éil S LAt EmdHagSARMN R4

be bi oconf)at |
predniscene. *-

5§ 24. The device of claim 17, 18, or 19 wherein said antithrombogenic
agent includes an anticoagulant agent or an antiplatelet agent.

25. The device of claim 24 wherein said anticoagulant agent
includes a heparin, hirudin, hirulog, agatroban, tick anticoagulant
10 peptide, and antistasin.

»

-~

26. The device of claim 24 wherein said antiplatelet agent includes.

aspirin, dipyridamole, ticlopidine, sulfinpyrazone, prostaglandins,

von Willebrand factor antagonists, and glycoprotein IIb/IIIa
15 antagonists.

27. The device of claim 17, 18, or 19 wherein said thrombolytic
agent includes a plasminogen activator.

20 28, The device of claim 27 wherein said plasminogen activator
includes one or more of streptokinase, urokinase, and a tissue
plasminogen activator (t-PA).

29. The device of claim 17 further comprising a coating of a
25 biologically inert material.

30. The device of claim 29 wherein said thrombolytic agent' and/dr
said antithrombogenlc agent is homogeneously 1ncluded in sa:.d
coating of said biologically inert materials.
30

31. An intravascular medical device comprising: _

a structure shaped and sized for ~introduction into a-
vascular system of a patient, said structure in_cluding a base
material and a coating of a thrombolytic agent on  said base

35 material.

i
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esters, cellulose ethers, ‘cel‘lutos® acet*ate, cellul ose nltraf%

pol yur et hanes, S|I|cones et hyl ene vi nyl acet at e"copol yners,
pol ynet hyl erret'f\laeryiedle}a,l depite hpdr cxdesinny B 1 nethereriyl a&;}&‘ﬁd bﬁlsyg;atdia/&@{\gal
t er epht hal ol yit etyr.afd.uo t e t t.hanes,. po ene
oxi des, 'nf@%%gsegol#e.stlee%sét &qu %%{1 3 o‘fzo&%lﬁdgghsgg%)}&pny?fcm O&fehéi,’ a
ponV|nyuolﬁ@§Faté§d apbﬂ?@bgﬁﬂﬂily 9@&yst¥h3n¢erlpdlypropylenes

- 33. The medical device of claim 32 wherein said thrombolytic agent
comprises at least one from a group consisting of 'urokinase,
streptokinase, and a tissue plasminogen activator.

34. The medical device of claim 31 wherein said structure further
10 includes a second coating of an antithrombogenic agent on said base
material.

35. The medical device of claim 34 wherein said antithrombogenic
agent comprises at least one from a group consisting of heparln,
15 hirudin, and an antlplatelet

36. The medical device of claim 35 wherein said structure further

includes a third coating of a primer for adhering at least one of

said coating of said thrombolytic agent and said second coating of
20 said antithrombogenic agent.

37. An intravascular medical device comprising:
a structure shaped and sized for introduction into a
vascular system of a patient, said structure including a base
5 material, a thrombolytic agent, and an antithrombogenic agent.

38. The medical device of claim 37 further including a primer agent
for 'adhei'ﬁing at least one of said thrombolytic agent and said
antithrombbgenic agent to said base material.
30 | . | ) _
39. The medical device of claim 38 wherein said thrombolytic agent
comprlses at .least one from a group consisting of uroklnase
streptoklnase, and a tissue plasminogen activator.

35 - 40. The medical -device of claim 39 wherein said anqithrombogenic
agent comprises at least one from a group consistiné of heparin,
hirudin, and an antiplatelet. \

-18-
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pol ycapr ol act ones, epoxi es, hydrogels

pol.yvi nyl pyrrolidone, pol yV| i“u ‘miﬁ“ et hyl ene gl

pol yacryl am des, pol yglycolyi | c acids, jg'tw"lﬁ %E@SIB&G n,
al bumn, |ipids, phOSphO|IpIdS and phosphatldylchollne nhe biR5 cal

inert materialrkanrakEeale d86Ldgeds NoDsifanscoREsé i e saTd PEihér DagRent

mat eri al

or forma portion thereof. The pol rlses at t one from
a groupcﬁﬂﬁ?%??ﬂgagf&ﬁéﬁl-Pﬂﬁmﬁ§9ﬂlﬁn ?Péc%?%f%s t%$|8ﬁo§8&iPiP§FeFSter
si | i conegn@oteELhybseenierapst hal ate, pol yuret hane, pol yami de, pol yester
polyorthoesterl

5

10

15

20

30

35

42. An intravascular medical device comprising:
a structure shaped and sized for introduction into a

vascular system of a patient, said structure including a

thrombolytic agent and a base material treated with said
thrombolytic agent. '

43. The medical device of claim 42 wherein said base material
includes at least one of a metal, carbon, polymer, and a
biologically derived material.

44. The medical device of claim 42 wherein said structure includes
an antithrombogenic agent.

45, The medical device of claim 43 wherein said metal includes at
least one from a group consisting of stainless steel, tantalum,
nitinol, gold, platinum, inconel, and iridium.

46. The medical device of claim 43 wherein said polymer coﬁprises
at least one from a group consisting of cellulose acetate, cellulose
nitrate, silicone, polyethylene teraphthalate, polyurethane,
polyamide, polyester, polyorthoester, and a polyanhydride.

47.- The medical device of claim 43 wherein said thrombolytic agent

" comprisesi:at least one from a group consisting of urokinase,

streptokﬁﬁaée, and a tissue plasminogen activator.

48. The medical device of claim 43 wherein said antithrombogenic
agent comprises at least one from a group consisting of heparin,
hirudin, and an antiplatelet.

49. The medical device of claim 43 wherein said strugture'ipcludes
a primer for adhering at least one of said antithromboégnic and said
thrombolytic to said base material. \

Sheet Has Been RTlaced -19-
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and a polyanhydrlde n al so include one of the

af orenenti oned bi ol Jalumminﬂm ﬁerl als. Biologically ¢ger Rl e BER
i ncl ude’s, by way of exarfpl-e, prosei«is,; collagen, and |ipi dTH‘lﬁ/éﬁ@Lhcmdl Y,
the thr onbol ytic agent includes a plasm nogen activator which s 0

augnent s the Theordital Mevidte of stlanmid L whensdls S@aampm:mmxbnnw.udes at
br eaki ng bR&ol#bl £ blg f cf@?é@é 0RRr

The t hr ofibo ytlg agent é%%g@%tﬁbgggggg#ﬁeogrd%&h%alor y5|% % ﬁeggggpﬁose
nacroscd@i%raﬁﬁonbl and prevents the formation of macroscopic thronbi by
causing the

;5 51. The method of treating a medical device with a thrombolytic
agent comprising the steps of: | _
providing a base material for said medical device;
providing a thrombolytic agent; and
. treating said base material with said thrombolytic agent.
10 - N
' 52. The method of claim S1 wherein the step of treating said base
material includes dipping said base material into a solution of said
thrombolytic agent.

15 53. The method of claim 52 wherein the step of treating said baée
material further includes drying said thrombolytic agent on said
base material and repeating said dipping and drying steps.

S4. The method of claim 51 further including providing at least one
20 of a group consisting of a polymer and a biologically derived
material and wherein the step of treating said base material
i_ncludeé mixing said thrombolytic agent with said at least one of
said group and applying said thrombolytic agent and said at least
one of said group to said base material.
25
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| ysis af m croscopic thronbi as they form Thronbolytic agent coating 13
conprises at | east one froma group consisting of well-kngwie
comerci al |l y avail abl e ur oki nase, 8 streptokinase, anad 'IH‘%%’G%ET hég BEEN
pl asm nogen activators (t-PA) These thronbol ytic agentp ar E\We‘ﬁ K !
and typically adm ni stered INTRAVASCULAR MEDICAL DEVICE '

Abstract

5 An intravascular medical device (10) having a structure (11)
shaped and sized for introduction into the vascular system of a
patient, the structure having biologically inert properties and a

r thrombolytic agent (13) or an antithrombogenic agent (14). The

thrombolytic agent advantageously dissolves or breaks up the
10 formation of thrombus on the surface of the structure when placed 1n
the vascular system of a patient. The antlthrombogenlc agent
inhibits the formation of thrombus on the surface of the medical
device. The structure also-includes a biologically inert material
(15) that forms either at least part of the base material of the

15 device or a coating material (22) on the base material. The
thrombolytic agent and/or antithrombogenic agent are homogeneously
combined with t'hg_.bése and/or coating material.

//' -
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2 is medical device 10 of FIG 1 with a second coating 13 of an

systemcally to dissolve, break up, or disperse thronbus. Depi cheGI/fUSg@/ )
ant it hronbogeni c agent on base material 12. This antithronbogeni c agent 2

i ncludes an anticoagul ant and/Qr an antipl atel et nt for inhibiti HH tre—r————
formation of thronbus on th di cal device. Th ti coagul ant agehH!S SHEET Has g
typically includes hepzb 7 hi r usN hi rul og, AJds , tick anti oaguﬁ’ﬁfM\CED
pepti de, and anti stasin. The antipl atel et agg rty—T ncl udes —
aspirin, dipyridanmple, ticlopidine, sulfinpyrgze N st agl andi ns, von

13
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W1 I ebrand..'_ factor ant agoni st s,
device 10 of FIG 1 with the

antagoni sts. FIG 3 depicts the nedical
ant it hronbogeni c agent coating 14 formed on base nmaterial 12 first.and
t hronbol ytic agent coating 13 formed on top of coating 14. Fl GTHék ST 6iaS BEEN

medi cal device 10 of FIG 3 wherein a prineg coating 15 has bgen f REBUACED
applied to base material 12 for adheri ngi/y%co tings_ of the -

antit hronbogeni c agent T4 and t hror‘rb_oJ-..yt-r[ t 1%&__0.-4 he base material ..
Thi's primer naterlal/ceaﬂ\%ncl udes, fifjr H'/—\13
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ni trdte,  pol yurethane, or a conbination thereof.
i nclude any of the aforenentioned biologically inert nmaterials.
device 10 of FIG 1 wherein a honbgeneous coati
14, and a bi ol ogi

depi cts nedi ca
t hronbol ytic agent_13, antithronbogenic

"aaY i 1ale 8

exanpl e, well-known and commerci ally avail abl e cel | ul ose est her,

The primer

Gcanh..al.sn
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inert nmaterial DY ORETHLOE
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t hronbol ytic agent. This honbgeneous coati ng does not aplyéj ?he st é% h‘ 8
or effeﬁiiveq%ss of the thronbolytic agent. Furthernore, the blologlcallv —
inert material mnimzes, if not elimnates, inflammtion of su ﬁ}é”%\éﬁﬁHAsBEEN
vascul ar tissue. An antiinflammtory agent 23 is also included i EpLACED
honbgeneous mi xture to mnimze the effié%ﬁ/of any material of Base —

material 12. Antiinflammtory agent 23 c so be included in the
structure of base material 12. The antiiff|"ammt ..agent can include a
steroidal or a nonsteroidal ﬁ\ 14
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9 agent. . The steroidal agent includes one or nore of a cortz;o”ﬁ ? péos 28/ 7
deXamet hasone, betanet hasone, and predni sone, dexamethasone kei ng £hesp g%
preferred antiinflamuatory agent . The nonsteroi dal

antiinflammtory agent includes one or nore of the salicyl at—e—s—-a—nd
propionic acid derivatives. FIG 5 depicts nedical device LOREFLASERENT SHEET

primer
- & NOV 1395

INTRAVASCULAR MEDICAL DEVICE

Description

Technical Field

This invention relates generally to medical devices and, in
particular, to ai “intravascular medical device treated with a
thrombolytic agent and or:an antithrombogenic agent.

Backaround of the Invention
When medical devices such as catheters, wire guides,

cannulae, stents, and the like are introduced into the vascular
system of a patient and manipulated through the vessels thereof, the
blood vessel wall is commonly disturbed or injured. Thrombus often
forms at the injured site, and the blood vessel can experience
obstruction or closure. Should the medical device remain within the
vessel for an extended period of time, thrombus often forms on the
device as well. Both blood platélets.and blood coagulation factors
play key roles in thrombus formation. Platelets adhere to foreign
objects in the blood or to injured vessel walls and then aggregate
to form platelet plugs. The coagulation factors interact in a
cascade of reactions that result in the conversion of soluble
fibrinogen into insoluble fibrin threads. The platelet aggregates
‘gerve as anchors or attachment sites for fibrin, and the £ibrin
threads form a mesh which entraps blood cells and more platelets.
The platelets also secrete procoagulant factors which .further
prémote fibrin formation. This positive feedback cascade continues
resulting in the formation of a network of platelets, fibrin and
entrapped blood cells which constitute a thrombus. As a.result of
thrombus formation, the patient risks complicétiéhs'%u¢h as ﬁea#;
attack, pulmonary embolism, and stroke.

Attempts to control thrombus formation and reduce thrombotic
vascular occlusion have traditionally involved the wuse of
systemically administered antithrombogenic agents. These include
both the anticoagulants, which inhibit the conversion of soluble
fibrinogen into insoluble fibrin, and the antiplatelet agents, which



coating 15 with three separate |ayers of antithronbogenic
three 'separate |layers of thronbolytic agent 13 applied thdrRERLACEMENT IBHEGH
nmedi cal device 10 has been illustrated as having separate jcpatin of a
t hronbol yti c agent 13 and antit.hrombogeni ¢ agent 14 appli dd theﬁrgltﬂnv 1996 i
.to be understood and contenpl ated that nedical device 10 jchn be forned b
m xi ng the antithronbogeni c agent, thronbol ytic agent, an
material together to formthe basic structure of the devi
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al so be applied to 2
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inhibit platelet activity including adhesion, aggregatioﬁ and the
secretion of procoagulant factors.

Surface treatments involving antithrombogenic agents like
heparin, thrombolytic agents like urokinase, or combinations thereof
are not new. Surface imnobilized heparin was first reported in the
early 1960's, and surface immobilized urokinase or urckinase-heparin
preparations were reported in the early 1970's. However, the
methods reported for immobilizing urokinase have involved either
covalent or ionic binding . of urokinase rather than the simple
dispersion of. urokinase throughout a ‘carrier polymer matrix.
Covalent binding of urokinase, or 'any drug, chemically changes the
drug, often reducing or destroying its beneficial pharmacologic
activity. Ionic binding'requires the use of binding agenés, such as
the quaternary ammonium surxfactants or the use of polymers
containing charged functional groups. These binding agents or
charged polymers are often toxic or cause local inflammatory
reactions.

One medical device such as an intravascular stent provides
a useful adjunct to percutaneous transluminal cathetér angioplasty
(PTCA), particularly in the case of acute or threatened vessel
closure after an angioplasty procedure. A problem with the use of
intravascular stents is that stent -implantation requires aggressive
and precise antiplételet and anticoagulation therapy typically via
systemic intravascular infusion. Still, the incidence of thrombosis
complications remains significant. Furthermore, a side effect of
this systemlc antiplatelet and anticoagulation therapy is increased
blood loss at the percutaneous entry site wherxe the stent is
introduced into the vascular system. As a result, the incidence of

bleeding complications remains significant.

Summary of the Invention ,
The foregoing problems are solved and a technical advance is

achieved in an illustrative intravascular medical device having a -
structure shaped and sized for introduction into the vascular system
of a patient. To advantageously minimize, if not eliminate,
inflamhation, the structure has biologically inert properties and
includes a thrombolytic agent and/or an antithrombogenic agent. In
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one embodiment, the structure includes a biologically inert
material. In another embodiment, the structure includes a base
material and a coating of a biologically inért material.
Alternatively, the base material can include the biologically inert
material. In another aspecE of applicant's invention where the base
material is not completely biologically inert, the base material
advantageously includes an antiinflammatory agent - or the
antiinflammatory agent can be included in a coating material which
is applied over the base material to minimize, if not eliminate,
inflammation of wvascular tissue.

The structure of the intravascular medical device also
includes a thrombolytic agent and/or an antithrombogenic agent. The
antithrombogenic agent advantageously minimizes thrombus formation.
The inclusion of a thrombolytic agent advantageously causes the
breﬁkdown of existing macroscopic thrombi . and/or prevents the
formation of macroscopic thrombi by causing the breakdown of
microscopic thrombi as they form. preferred thrombolytic agents
include streptokinase, urockinage, and tissue plasminogen activators
(t-PA). However, any thrombolytic agent can be incorporated into
the structure of the device to reduce stent thrombosis.

The thrombolytic agent is advantageously included in the
structure of the device without ionic or covalent bonding to the
other materials of the structure. This eliminates toxic reactions
caused by ionic bonding agents and also eliminates the reduction of
thrombolytic activity caused by covalent bending. The thrombolytic
agent can be included in the base material of the structure or
homogeneously included with a coating material.

To advantageously minimize inflammatory reactions due to
materials of the structure that are not completely biologically
inert, an antiinflammatory agent is included in the structure of the
device. The antiinflammatory agent can be of the nonsteroidal type

such as salicylates, propionic acid derivatives, and others. The

antiinflammatory agent can also be of the steroidal type such as
cortisone, dexamethasone,  betamethasone, prednisone, and others.
When the steroidal type of antiinflammatory agent is used, further
benefits from antiproliferative effects can be achieved, which help

.___f__——————f—-—_——-
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in the reduction of restenosis. The preferred sterocidal
antiinflammatory agent is dexamethasone.

The inclusion of the antithrombogenic agent in the structure
of the device advantageously reduces thrombosis while eliminating
the side effects associated with systemic administration. The
antithrombogenic agent includes an anticoagulant and/or an
antiplatelet agent. The anticoagulants include, for example, a
heparin, hirudin, hirulog, agatroban, tick anticoagulant peptide,
antistasin, and a variety of other natural and synthetic inhibitors
of the coagulation factors. The antiplatelet agent includes, for
example, aspirin, dipyridamole, ticlopidine, sulfinpyrazone,
prostaglanding, von Willebrand factor antagonists, glycoprotein
IIb/IlIa antagonists, and others. The base material comprises
one or more of a metal, stainless steel, tantalum, nitinol, go%d,
platinum, inconel, iridium, carbon, plastics, polymers, or a
biologically inert material. The structure can include a
biologically inert material or a biologically inert material can be
advantageously included in the base material of the structure. The
biologically inert material includes one or more of a cellulose,
cellulose compounds, cellulose-based polymers, cellulose esters,
cellulose ethers, cellulose acetate, cellulose nitrate,
. polyurethanes, silicones, ethylene vinyl acetate copolymers,
polymethylemethacrylates, . polyhydroxyethyl methacrylates,
polyethylene terephthalates, polytetrafluoroethylenes, polyether
urethanes, polyethylene oxides, nylons, polyesters, polyamides,
polyimides, polyvinyl chlorides, polyvinyl acetates, polyolefihs,
polystyrene, polypropylenes, polycaprolactones, epoxies, parylenes,
‘hydrogels, polyvinylpyrrolidone, polyvinyl‘alcohols, polyethylene
glycols, polyacrylamides, polyglycolyic acids, polyiactic acids,
proteins, collagen, albumin, lipids, phospholipids, and
phosphatidylcholine.

The structure of the wmedical device can advantageously
include one or more of the aforementioned base materials along with
a coating of one or more of the biologically inert materials with
the thrombolytic agent and/or the_ antithrombogenic agent

homogéneously included in the coating and/or material.
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When the antithrombogenic and thrombolytic agents are
applied to the surface of a base material, a primer coating of
biologically inert material is applied to the surface of the medical
device structure for adhering at least one of the thrombolytic and
antithrombogenic agents. '

' In an alternative embodiment of the present invention, the
intravascular medical device can include a structure of which the
base material and the thrombolytic agent are combined together. The
antithrombogenic material is then applied or added to further
enhance the ability of the device to minimize and/or dissolve the
formation of thrombus thereon.

The method of treating a medical device with a thrombolytic
‘agent comprises providing a base material for the medical device
along with the thrombolytic agent. The base material is treated
with the thrombolytic agent to advantageously dissolve the thrombus
on the surface of the medical device. The base material is
advantageously dipped into a solution of the thrombolytic agent and
then remowved to allow the thrombolytic agent to dry thereon. The
steps of dipping and drying the base material and the thrombolytic
agent is repeated to form a desired concentration of thrombolytic
agent on the base material. The method further includes providing

~a polymer or a biologically derived material and mixing the
thrombolytic agent with the polymer or biologically derived material -
and applying the mixture to the base material.

Brief Desgcription of the Drawing
FIG. 1 depicts a partial cross sectional view of an

intravascular medical device of the present invention with a
thrombolytic coating on the structure of the device;

FIG. 2 depicts the medical device of FIG. 1 with a coating
of an antithrombogenic agent on the base material of the device;

FIG. 3 depicts the medical device of FIG. 1 with a first
antithrombogenic agent coating formed on the base material and a
second thrombolytic agent coating formed thereon;

FIG. 4 &epicts the medical device of FIG. 3 with a primer

coating first applied to the base material for adhering the
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antithrombogenic and thrombolytic agent coatings to the base
material; )

FIG. 5 depicts the medical device 10 of FIG. 3 with a primer
coating and three separate layers each of the antithrombogenic and
thrombolytic agent coatings applied thereto;

FIG. 6 depicts the base material of a medical device which
has been placed in human blood; .

FIG. 7 depicts the base material of a medical device treated
with a thrombolytic agent and then placed in human blood; and

FIG. 8 depicts the medical device 10 of FIG. 1 with a
homogeneous coating of a thrombolytic agent, an antithrombogenic
agent, and a biologically inert material.

Detailed Description
FIG. 1 depicts a partial cross-sectional view of an

intravascular medical device 10 such as a stent, catheter, wire
guide, cannula, and the like having a structure 11 shaped and sized
for introduction into the vascunlar system of a patient. The

structure of a stent typically includes a formed wire such as the o

commercially available @Gianturco-Roubin FLEX Stent from Cook
Incorporated, Bloomington, Indiana, for percutaneous introduction to
a failed angioplasty site. The structure of a catheter, wire guide,
cannula, and the like are also well-known and commercially available
also from Cook Incorporated as well as other medical device

manufacturers. These intravascular medical devices are commonly
inserted into the wvasculature of a patient using well-known
percutaneous surgical procedures. To advantageously minimize the

formation or removal of thrombus on the medical device, the
structure includes a thrombolytic agent 13 and a base material 12
treated with the thrombolytic agent. In FIG. 1, thrombolytic agent
13 is depicted as a coating on base.material 12.

Base material 12 of the intravascular medical device
includes any one of a number of different commercially available
biocompatible materials such as a metal, a plastic, a polymer, a
biolcgically inert material, or a biologically derived material
suitable for the formation of the structure. The structure of the
intravascular medical device preferably includes a biologically
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inert material so as to minimize, if not eliminate, an inflammatory
reaction of Lhe vascular tissue of which the device is positioned
thereat. The metal comprises, amongst others, at least one from a
group consisting of titanium, stainless steel, tantalum, nitinol,
gold, platinum, inconel, and iridium, which are all commercially
available metals or alloys used in the fabrication of medical
devices. All of these metals ére.well-known to be biocompatible
materials. The biologically inert material includes one or more of
a cellulose, cellulose compounds, cellulose-based polymers,
cellulose esters, cellulose ethers, cellulose acetate, cellulose
nitrate, polyurethanes, silicones, ethylene vinyl acetate
copolymers, polymethylemethacrylates, polyhydroxyethyl
methacrylates, polyethylene terephthalates,
polytetrafluoroethylenes, polyether urethanes, polyethylene oxides,
nylons, polyesters, polyamides, polyimides, . polyvinyl chlorideé;
polyvinyl acetates, polyolefins, polystyrene, polypropylenes,
polycaprolactones, epoxies, parylenes, hydrogels,
polyvinylpyrrolidone, polyvinyl alcohols, polyethylene glycols,
polyacrylamides, polyglycolyic acids, polylactic acids, proteins,
‘collagen, albumin, 1lipids, phospholipids, and phosphatidylcholine.
The biologically inert material can also be included in or can
.congtitute the entire base material or form a portion thereof. The
polymer comprises at least one from a group consisting of well-known
cellulose acetate, cellulose nitrate, silicone, polyethylene
teraphthalate, polyurethane, polyamide, polyester, polyorthoester,
and a polyanhydride. The polymer can also include one of the
aforementioned biologically inert materials. Biologically derxrived
material includes, by way of example, proteins, collagen, and
lipids. More broadly, the thrombolytic agent includes a plasminogen
activator which stimulates or augments the blood fibrinolytic system
which breaks down thrombi by breaking down insoluble fibrin into

soluble fibrin degradation procducts. The thrombolytic agent can

both cause the breakdown or lysis of existing macroscopic thrombi
and prevent:s the formation of maéroscopic thrombi by causing the
lysis of microscopic thrombi as they form.

- Thrombolytic agent coating 13 comprises at least one from a

group consisting of well-known and commercially available urokinase,
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streptokinase, and tissue plasminogen activators (t-PA). These
thrombolytic agents are well-known and typically administered
systemically to dissolve, break up, or disperse thrombus.

Depicted in FIG. 2 is medical device 10 of FIG. 1 with a
second coating 13 of an antithrombogenic agent on base material 12.
This antithrombogenic agent includes an anticoagulant and/or an
antiplatelet agent for inhibiting the formation of thrombus on the
medical device. The anticoagulant agent typically includes heparin,
hirudin, hirulog, agatroban, tick anticoagulant peptide, and

antistasin. The antiplatelet agent typically includes aspirin,
dipyridamole, ticlopidine, sulfinpyrazone, prostaglandins, von
Willebrand factor antagonists, and glycoprotein IIb/IIla
antagonists.

FIG. 3 depicts the medical device 10 of FIG. 1 with the
antithrombogenic agent coating 14 formed on base material 12 first
and thrombolytic agent coating 13 formed on top of coating 14.

FIG. 4 depicts medical device 10 of FIG. 3 wherein a primer
coating 15 has been first applied to base material 12 for adhering
the coatings of the antithrombogenic agent 14 and thrombolytic agent
13 to the base material. This primer material coating includes, for
example, well-known and commercially available cellulose esther,
cellulose nitrate, polyurethane, or a combination thereof. The
primer can also include any of the aforementioned biologically inert
materials.

FIG. 8 depicts medical device 10 of FIG. 1 wherein a
- homogeneous coating 22 of a thrombolytic agent 13, antithrombogenic
agent 14, and a biologically inert material 15 has been applied to
base material  12. The biologically inert material of the
homogeneous coating is not ionically or covalently bonded to the
thrombolytic agent. This homogeneous coating does not affect the
strength or effectiveness of the throwmbolytic agent. Furthermore,
the biologically inert material minimizes, if not eliminates,
inflammation of surrounding vascular tissue. An antiinflammatory
agent 23 is also included in the homogeneous mixture to minimize the
effects of any material of base matérial 12. Antiinflammatory agent
23 can also be included in the structure of base material 12. The

antiinflammatory agent can include a steroidal or a nonsteroidal
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agent. The steroidal agent includes one or more of a cortisone,

dexamethasone, betamethasone, and prednisone, dexamethasone being
the preferred antiinflammatory agent. The ° nonsteroidal
antiinflammatory agent includes one or more of the salicylates and
propionic acid derivatives.

FIG. 5 depicts medical device 10 of FIG. 3 with primer
coating 15 with three separate layers of antithrombogenic agent 14
and three separate layers of thrombolytic agent 13 applied
thereover. .

Although medical device 10 has been illustrated as having
separate coatings of a.thrombolytic agent 13 and antithrombogenic
agent 14 applied thereto, it is .to be understood and contemplated
that medical device 10 can be formed by mixing the antithrombogenic
agent, thrombolytic agent, and the base material together to form
the basic structure of the device. A primer can also be applied to
this mixture for facilitating the bonding of the two agents to the
base material. Alternatively, the intravascular medical device of
the present invention can also be a structure including any one or
more of the aforementioned thrombolytic agents and a base material
treated with the thfombolytic agent. It is also contemplated that

. the base material can alsoc include carbon such as associated with

. pacemaker leads. The base material and thrombolytic agent can be
formed together and then extruded or formed to form the
intravascular medical device as desired. The antithrombogenic agent
can be applied in the form of a coating or, alternatively, also
included in the mixture as previously discussed.

The method of treating a device with a thrombolytic agent
comprises the steps of providing a base material for the_medlcal
device along with providing a thrombolytic agent and'treéting the
base material with the thrombolytic agent as will be described in
more detail hereafter. The step of treating the base material
includes dipping the base material such as stainless steel into a
solution of the thrombolytic agent such as urokinase. The base
material is removed from the solution and the thrombolytic agent
coating allowed to dry. The steps of dipping and drying the
thrombolytic agent. on the base material is then repeated as many
times as desired. The method of treating a medical device with a
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thrombolytic agent also includes providing at least one of a group
consisting of a polymer, biologically inert waterial, or
biologically derived material as previously described. The
thrombolytic agent and the polymer, biologically inert material, or
biologically derived material are mixed and then applied to the base
material.

Depicted in FIG. é is base material 17 such as stainless
steel of a medical device which has been placed in human blood. Red
blood cells 18, crenated red blood cells 19, platelet aggregates 20,
single platelets 21, and a large number of fibrin threads 22 have
formed on the untreated base material when placed in, for example,
human blood. FIG. 7 depicts base material 17 treated with a
thrombolytic agent as described herein. Only a small number of red
blood cells 18 and fibrin threads 22 appear to have formed on the
treated base material. Both of these figures illustrate samples of
stainless steel treated with urokinase and magnified 1,500 times.

A description of the materials and method used with in-vitro
thrombus deposition on three Gianturco-Roubin FLEX Stents from Cook
Incorporated-will now be described. In-vitro thrombus deposition on
three Gianturco-Roubin corcnary FLEX stents was examined. The
stents were 20-25 mm in length and designed to expand to 2.5-3.5 mm
in diameter. One stent was made from 0.006" diameter stainless
steel wire, a second from 0.006" diameter tantalum wire, and a third
from coated 0.006" diameter stainless steel wire. The third stent
was coated with a layer of primer (35066C, STS Biopolymers, Inc.,
Rush, New York) followed by 3 layers of heparin in a cellulose
polymer (Medicoat Heparin type 35066A, also commercially available
from STS Biopolymers Inc.). After deployment, the third stent was
further coated with urokinase (Abbokinase™, urokinase for injection,
50,000 I.U./ml, commercially available from Abbot Laboratories, as
follows. The stent was dipped in the urokinase solution for

approximately 5 minutes, dried in room air for approximately 30

minutes, dipped in urokinase solution for approximately 1 minute,
dried in room air for approximately 30 minutes, dipped in urokinase
solution for 5-10 seconds and dried in room air for 30 minutes
before -further handling. The uncoated stents were also deployed
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before use in the thrombus deposition experiment which will now be
described.

Each stent was suspended from the cap of a 6 ml test tube
for incubation in blood. Eighteen ml of human venous blood was
collected in a series of three 6 ml vacutainer tubes, each
containing 0.06 ml of heparinized normal saline (100 U of
heparin/ml). The blood, containing 1 U of heparin per ml,- was then
carefully poured into the incubation tubes and the caps suspending
the stents were placed on these tubes. The tubes were positioned on
an inclined turntable rotating at approximately 20 rpm in a 37
degree C oven. The tubes were positioned so that the stent remained
totally immersed in blood for the entire incubation period which
lasted one hour. The tubes were positioned so as to rotate in a
well-known manner. After the one hour incubation in blood, each
stent was gently rinsed (2 dips of approximately 1-3 secon&s
duration each) in 37 degrees C phosphate buffered saline and then
fixed in 3 percent glutaraldehyde in Milloniz's phosphate buffered
saline for at least 30 minutes before further processing. After
standard preparation (post-fixation in osmium, dehydration, critical
point drying and gold sputter coating) the stents were examined by
scanning electron microscopy.

The surfaces of the uncoated stainless steel and tantalum
stents were completely covered with a dense fibrin mesh containing
platelets and red blood cells. For each of these stents, there was
some variability in this covering from region to region. However,
there were no striking differences between the stainless steel and
tantalum stents and the coverage was visually estimated to be near
100 percent. ' _

The surface of the H-UK coated stent (the third stent)
appeared strikingly different. The wvast majority (visually
estimated at 90-95 percent) of the surface had only a few adherent
red blood cells and a rare adherent platelet. There was also some
variability in this covering and a visually estimated 5 to 10
percent of the surface had a slightly.y denser layer of adherent red
blood cells with a few platelets and an occasional fibrin thread.

The most striking difference between the coated and uncoated

stents was the fibrin deposition. Nearly 100 percent of the surface
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The surfaces of the uncoated stainless steel and tantalu b <
conpletely covered with a dense fibrin nmesh containing platel ets_and.red
bl ood cells. For each of these stentsy; there was o

of the uncoated stents appeared covered with fibrin in contrast to
a visually estimated fibrin coverage of only 1-2 percent for the
coated stent. '

Heparin is a mucopolysaccharide anticoagulant typically
obtained from porcine intestinal mucosa or bovine lung. Heparin
acts as a thrombin inhibitor by greatly enhancing the effects of the
blood's endogenous antithrombin III. Thrombin, a potent enzyme in
the coagulation cascade, is key in catalyzing the formation of
fibrin. Therefore, by inhibiting thrombin, heparin inhibits the
formation of £fibrin thrombi. However, heparin's inhibition of
thrombin and fibrin formation is not 100 percent as evidenced by the
fibrin deposition on uncoated stents in heparinized blood.
Furthermore, heparin does not have fibrinolytic activity.

Urokinase is a plasminogen actuating enzyme typically:
obtained from human kidney cell cultures. Urokinase catalyzes the
conversion of plasminogen into the fibrinolytic plasmin which breaks:
down fibrin thrbmbiﬂ

It is highly probable that both the heparin and urokinase on
the coated stent contributed to the dramatic reduction in fibrin
deposition on this stent. It has not been determined which of these
agents may have had the greater effect. Moreover, it has not been
determined whether the effects were localized near the surface of
the stent or whether the delivery of heparin or urokinase may have
caused anticoagulant and/or fibrinolytic effects respectively on the
entire 6 ml of blood in which the stent was incubated.

In another series of experiments performed by the inventors,
coated stents were implanted in the external iliac arteries of
rabbits for periods of up to six months. Although no inflammatory
reactions were observed in response to the cellulosic polymers used,
the quaternary ammonium binding agent benzalkonium chloride was
associated with an intense inflammatory reaction when included in
the stent coating. However, when the potent antiinflammatory
steroid dexamethasone was also included@ in the coating, the
inflammatory reaction was suppressed. Similar results were reported
(Lincoff, et al., "Local Delivery of Dexamethasone by an Eluting
Stent Attenuates the Adverse Response to Biodegradable Polymer in

the Porcine Coronary Artery", Circulation, Vol 88, No 4, Part 2,

-
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p. I-655, October 1993) when stents coated with poly-1l-lactic acid
(PLLA) or PLLA with dexamethasone added (DEX-PLLA) were implanted in
porcine coronary arteries. Severe inflammation was observed in
response to ths PLLA coated stents. However, the inflammation was
substantially less in arteries implanted with DEX-PLLA coated
stents. Also, from a study of polylactic acid (PLA) microspheres

_delivered into the rabbit carotid artery wall (Dev, ‘et al.,
"Microspheres for Drug Delivery to the Arterial- Wall: A Study of
Kinetics, Toxicity and Effects of Corticosteroid Loaded
Microspheres", JACC, p. 19A, February, 1994), it was reported that
arteries infused with unloaded microspheres showed inflammation
where arteries infused with dexamethasone loaded microspheres did
not.

It is to be understood that the above-described thrombolytic
treated intravascular medical device is merely an illustrative
embodiment of the principles of this invention and that other
thrombolytic treated intravascular medical devices may be devised by
those skilled in the art without departing from the spirit and scope;

£ this invenLion.
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INTRAVASCULAR MEDICAL DEVICE

Claims

1. Aan intravascular medical device comprising:

a structure shaped and sized for introduction into a
vascular system of a patient, said structure including a
biologically inert material and a pharmaceutical substance,
characterized in that said biologically inert material is
noninflammatory in the vascular system and is selected from at
least one of a cellulose, cellulose compound, cellulose-based
polymer, cellulose ester, cellulose ether, cellulose acetate,
cellulose nitrate, parylene, ethylene vinyl acetate copolymer,
polymethylemethacrylate, polyhydroxyethyl  :methacrylate,
polyethylene oxide, polyimide, polypropylene, hydrogel,
polyvinylpyrrolidone, polyvinyl alcohol, polyethylene glycol,
polyacrylamide, protein, collagen, albumin, lipid, phospholipid,
phosphatidylcholine, nylon, polyester, polyamide, polyvinyl
acetate, polyolefin, polystyrene, epoxy, and a noninflammatory
formulation of polyurethane, silicone, polyethylene
terephthalate, polytetrafluorocethylene, polyether urethane,
polycaprolactone, polyglycolyic acid, and polylactic acid.

2. The device of claim 1, characterized in that said substance
includes a thrombolytic agent for breaking down thrombus and/or
an antithrombogenic agent for minimizing thrombus formation.

3. The device of claim 2, characterized in that said
biologically inert material carries said thrombolytic agent
and/or said antithrombogenic agent without degrading the
pharmalogic activity thereof.

4. The device of claim 1, 2 or 3 characterized in that said
structure includes a base material including said biologically

inert material.
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a visually estimated fibrin coverage of only 1-2 percen uLe*—fhe‘E’"“fffj
‘stent . Heparin is a nmucopol ysaccharide anticoagul ant ty iREFALAGE

fromporcine intestinal micosa or bovine |ung. Heparin S as E’]§§§
i nhi,bitor by greatl enhanC|n the effects of the bl ood endbdﬂﬁb
tion cascad

antithronbin I'l1. “ﬁu Iu! lenzynme in the coagu

a

Key in cataly2|ng ijbrin. Ther ef or e,
t hronbi n, heparin i nhi Bits the fornatlon of fibrin thronﬁ
heparin's inhibition of

5. The device of claim 1, 2 or 3, characterized in that said
structure includes a base material and a coating of said

bioclogically inert material.

6. The device of claim 4 or 5, characterized in that said
structure includes an antiinflammatory agent for minimizing
inflammatory reactions to said base material.

7. The device of claim 6, characterized in that said’
biologically inert material carries said antiinflammatory agent
without degrading the pharmalogic activity thereof.

8. The device of any preceding claim, characterized in that said
thrombolytic agent includes a plasminogen activator.

i
9. The device of claim 8, characterized in that said plasminogen
activator is selected from at least one of streptokinase,.
urokinase, and a tissue plasminogen activator (t-PA).

10. The device of any preceding claim, characterized in that
said antithrombogenic agent includes an anticoagulant agent
and/or an antiplatelet agent. -

11. The device of claim 10, characterized in that said
anticoagulant agent is selected from at least one of a hepariﬁ,
hirudin, hirulog, agatroban, tick anticoagulant peptide, and
antistasin.

12. The device of claim 10, characterized in that said
antiplatelet agent is selected from at least one of an aspirin,
dipyridamole, ticlopidine, sulfinpyrazone, prostaglandins, von
Willebrand factor antagonist, and glycoprotein IIb/IIIa
antagonist.

13. The device of any of claims 6-12, characterized in that said

antiinflammatory agent includes a nonsteroidal agent.
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14. The device of claim 13, characterized in that. said
nonsteroidal agent includes one or more of the salicylates and/or

propionic acid derivatives.

15. The device of any of claims 6-12, characterized in that said
antiinflammatory agent includes a steroidal agent. '

16. The device of claim 15, characterized in that said steroidal
agent is selected from at least one of a cortisone,’

dexamethasone, betamethasone, and prednisone.

17. The device of any of claims 4-16, characterized in that said
base material comprises one or more .of a metal, stainless steel,
tantalum, nitinol, gold, platinum, inconel, titanium, iridium,
carbon, plastic, polymer, said biologically inert material and
a.biologically derived material.
N

18. .The device of ény of claims 5-17, characterized in that said
thrombolytic agent and/or said antithrombogenic :agent is
homogeneously included in said coating of said biologically inert

material.

19. The medical device of any of the preceding claims,
characterized in that said structure further includes a coating
of a primer for adhering at least one of said antiinflammatory
agent, said thrombolytic agent, and said antithrombogenic agent
to said biologically inert material.

20. The medical device of claim 19, characterized in that said
primer is selected from a cellulose ester and/or a cellulose

nitrate.
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deposition,on this stent. It has not been determ ned which these agents
may have had the greater effect. Mreover, it has not been term mg J
whet her the effects were |ocalized near the surface of the stent valet ﬁ”ff

the delivery of heparin or urokinase nmay have caused anti
a%%% “&EMﬁﬁ'E HE

fibrinolytic effects respectively -on the entire 6 m of b ,
stent was incubated. In another series of experinents per gﬁé @
inventors, coated stents were inplanted |ﬂ the external ilifac” Vi 8196, ;
rabbits for periods of up to six nmonths. Al though no infl tory '
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INTRAVASCULAR MEDICAL DEVICE TR S ACED

~ ABSTRACT

An intravascular medical device (10) having a structure (11) shaped and sized for
introduction into the vascular system of a patient, the structure having biologically inert
properties and a thrombolytic agent (13) or an antithrombogenic agent (14). The
thrombolytic agent advantageously dissolves or breaks up the formation Qf thrombus on the
surface of the structure when placed in the vascular system of a patient. The
antithrombogenic agent inhibits the formation of thrombus on the surface of the medical
device. The structure also include‘s a biologically inert Ipaterial (15) that forms either at
least part of the base material of tﬁe device or a coating .material (22) on the base material.
‘The thrombolytic agent and/or antithrombogenic agent are homogeneously combined with

the base and/or coating material.

Fig. 8
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reactions were observed in response to the cellulosic polyners used, the
guat ernary ammoni um bi ndi ng agent benzal koni um chl ori de was associated with
an intense inflanmtory reaction when included in the stent cQa,‘I‘:é CEME SHF
However, when the potent antiinflammtory steroid dexanet hasdn —
included in the coating, the inflammtory reaction was suppregsgd, val {
results were reported (Lincoff, et al., "Lod#d Delivery of Dexajpet eﬁgﬁ

an Eluting Stent Attenuates the Adverse Response to Bi odegraddb}le Pol yner
in the Porcine Coronary Artery”, Circulation, Vol 88, No 4, Pgrt 2,
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13 p. J-655, Cct ober 1993) when stents coated with poly-1-lactic acid ——-
(PLLA) "or PLLA with dexanet hasone added (DEX-PLLA) were g-npta %N'Trhﬁg-_r'r;
porci ne coronary arteri es. Severe inflammati on was obsgR '
to the PLLA coated stents. However, the inflammtion was
in arteries inplanted with DEX-PLLA coated
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stents, Al so,
into the rabbit carotid artery wall (Dev, et al.,

Drug Delivery to the Arterial Wall: A Study of Kinetics
Ef fects of Corticosteroid Loaded M crospheres”, JA
February, 1994), it was reported that arteries infused

m cr ospheres showed i nflammati on where arteries infused
| oaded m crospheres did not. It

above-described thrombol ytic 3/4

froma study of polylactic acid (PLA) mcros
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treated i ntravascul ar medical device is nerely an illustrative enbodi nent

of the principles of this invention and that other thronbol a
i ntravascul ar nmedi cal devices may be devi sed by those_skiIlﬁﬁkﬁ'ﬁb:ﬁghigﬁa?T

wi t hout departing fromthe spirit and scope of this inventijon.
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CLAIMS 1. An intravascul ar nedical device conprising: a structure shaped

and sized for introduction into a vascular systemof a pat ﬁg(t)EMET{}FlSHEET!

structure including a base material and a honbgeneous cg

o a b e

t hronbol ytic agent and at | east one froma group consi stin ul pse
and a ceIIm7i§;1ﬁnmx#fﬁ#ymmL,gn said base material . 2. T%a%nggsb dT

of claim1l wq se’ naterlal conprises at |east R

consi sting of mmm?'mﬂil 1, a polyner, and a bi ol odi calgl,y;ﬁﬁsfyé'd'7
materi al . 14
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INTRAVASCULAR MEDICAL DEVICE

Claims

1. An intravascular medical device comprising: .
a structure shaped and sized for introduction into a

vascular system of a patient, said structure including a

biologically inert material and a pharmaceutical substance,

' characterized in that said biologically inert material is
noninflammatory in the vascular system and is selected from at

least one of a cellulose, cellulose compound, cellulose-based
polymer, cellulose ester, cellulose ether, cellulose acetate,
cellulose nitrate, parylene, ethylene vinyl acetate copolymer,

~ polymethylemethacrylate, polyhydroxyethyl methacrylate,

polyethylene oxide, polyimide, polypropylene, hydrogel,
polyvinylpyrrolidonei polyvinyl alcohol, polyethylene glycol,
polyacrylamide, protein, collagen, albumin, lipid, pﬁospholipid,
phosphatiidylcholine, nylon, polyester, polyamide, polyvinyl
acetate, polyolefin, polystyrene, epoxy, and a noninflammatory
formulation of polyurethane, silicone, polyethylene
terephthalate, polytetfafluoroethylene, polyether urethane,
polycaprolaétone, polyglycolyic acid, and polylactic acid.

2. The device of claim 1, characterized in that said substance
includes a thrombolytic agent for breaking down thrombus and/or
an antithrombogenic agent for minimizing thrombus formation.

3. The device of claim 2, characterized in that said

bioibgically inert material carries said thrombolytic agent
and/or said antithrombogenic agent without degrading the
pharmalogic activity thereof.

4. The device of claim 1, 2 or 3 characterized in that said
structure includes a base material including said biologically

inert material.
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3. % The nedical device of claim2 wherein said thronbgkyt+tec—a en[ c li ses
at least one froma group consi sting of urokinase, str|cRERMACE
ti ssue pl asm nogen activator . The nedi cal device claim aﬁ e|
sai d honpbgeneous coatin furt'her i ncl udes an antithro gérﬁd:ég .
The medi caI llmmmlllu U“I 4 wherein said antithronbpdeni c agent
conprises a a group consisting of hepafit—htTT0dI n, and} an
antiplatelet’ 6 'Thé midi cal devi ce of claimb5 wherei b—sakd

cel | ul ose- based pol ymer includes at (13,5’:18'[ one froma group consisti a

cel lul ose acetate, a cellulose ester, "and a W;
REPLACED B

5. The device of claim 1, 2 or 3, characterized in that said

structure includes a base material and a coating of said

biologically inexrt material..

6. The device of claim 4 or 5, characterized in that said
structure includes an antiinflammatory agent for minimizing
inflammatory reactions to said base material.

7. The device of claim 6, characterized in that said’
biologically inert material carries said antiinflammatory agent
without degrading the pharmalogic activity thereof.

8. The device of any preceding claim, characterized in that said
thrombolytic agent includes a plasminogen activator.

9. The device of claim 8, characterized in that said plasminogen
activator is selected from at least one of streptokinase,
urokinase, and a tissue plasminogen activator (t-Pa).

10. The device of any preceding claim, characterized in that
said antlthrombogenlc agent includes an anticoagulant agent
and/or an antlplatelet agent.

11. The device of claim 10, characterized in that said
anticoagulant agent is selected from at ‘least one of a heparin,
hirudin, hirulog, agatroban, tick anticoagulant peptide, and

antistasin.

12. The device of claim 10, characterized in that =said
antiplatelet agent is selected from at least one of an aspirin,
dipyridamole, ticlopidine, sulfinpyrazone, prostaglandins, von
Willebrand factor antagonist, and glycoprotein IIb/IIla
antagonist.

13. The device of any of claims 6-12, characterized in that said

antiinflammatory agent includes a nonsteroidal agent.
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celTulose nitrate. 7. The nedical device of claim2 wherein said net aI
includes at.least one froma consisting of stainless steel
nitinol, gold, platinum inconel, and iridium 8. An

devi ce coerShaped and sized for i
vascul ar system of a pati ent aid structure includin
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14. The device of claim 13, characterized in that said
nonsteroidal agent includes one or more of the salicylates and/or

propionic acid derivatives.

15. The device of any of claims 6-12, characterized in that said
antiinflammatory agent includes a steroidal agent. '

16. The device of claim 15, characterized in that said steroidal
agent is selected from at least one of a cortisone,’

dexamethasone, betamethasone, and prednisone.

17. The device of any of claims 4-16, characterized in that said
base material comprises.one or more of:a metal, stainless steel,
tantalum, nitinol, gold, platinum, inconel, titanium, iridium,
carbon, plastic, polymer, said biologically inert material and
a biologically derived material.

18. The device of any of claims 5-17, characterized in that said
thrombolytic agent and/or said antithrombogenic ‘agent is
homogeneously included in said coéting of said biologically inert

material.

19. The medical device of any of the preceding claims,
characterized in that said structure further includes a coating
of a primer for adhering at least one of said antiinflammatory
agent, said thrombolytic agent, and said antithrombogenic agent
to said biologically inert material.

20. The medical device of claim 19, characterized in that said
primer is selected from a cellulose ester and/or a cellulose

nitrate.
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INTRAVASCULAR MEDICAL DEVICE

ABSTRACT

An intravascular medical device (10) having a structure (11) shaped and sized for
introduction into the vascular system of a patient, the structure having biologically inert
properties and a thrombolyt_ic agent (13) or an antithrombogenic agent (14). The
thrombolytic agent advantageously dissolves or breaks up the formation of thrombus on the
surface of the structure when placed in the vascular system of a patient. The
antithrombogenic agent inhibits the formation of thrombus on the surface of the medical
device. The structure also includes a biologically inert material (15) that forms either at
least part of the base material of the device or a coating material (22) on the base material.
The thrombolytic agent and/or antithrombogenic agent are ﬁomogeneously combined with

the base and/or coating material.

Fig. 8
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Sﬁrface treatments involving antithrombogenic agents like heparin, thrombolytic
agents like urokinase, or combinations thereof are not new. Surface immobilized
heparin was first reported in the early 1960's, and surface immbolized urokinase or
urokinase-heparin preparations were reported in the early 1970's. However, the
methods reported for immoblizing urokinase have involved either covalent or ionic
binding of urokinase rather than the simple dispersion of urokinase throughout a carrier
polymer matrix. Covalent binding of urokinase, or any drug, chemically changes the
drug, often reducing or destroying its beneficial pharmacologic activity. Ionic binding
requires the use of binding agents, such as the quaternary ammonium surfactants or the
use of polymers containing charged functional groups. - These binding ‘agents or charged

polymers are often toxic or cause local inflammatory reactions.
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cel lulose egt ebn@ﬁﬂeﬂcﬁe&éx)iﬂeoﬁfchn.ésl bt lifitravascular stent provides a useful adjunct to

percutaneous transluminal catheter angioplasty (PTCA), particularly in the case of acute
or threatened vessel closure after an angioplasty procedure. A problem with the use of
intravascular stents is that stent implantation Irequires aggressive and precise antiplatelet
and anticoagulation tilerapy typically via systemic intravascular infusion. Still, the
incidence of thrombosis complications remains significant. Furthermore, a side effect of
this systemic antiplatelet and anticoagulation therapy 'is increased blood loss at the
percutaneous entry site where the stent is introduced into the vascular system. As a

result, the incidence of bleeding complications remains significant.

Summary of the Invention

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of the present invention there is provided an intravascular
medical device comprising: a structure shaped and sized for introduction into a vascular
system of a patient, and structure including a base material and a homogeneous coating
of a thrombolytic agent and at least one from a group consisting of a cellulose and a

cellulose-based polymer on said base material.

hng

des
id
ase
S

a



17. The medical device of claim 14 wherein said antith
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According to another aspect of the present invention there is provided an

intravascular medical device comprising: a structure shaped and sized for introduction

into a vascular system of a patient, said structure including a base material and a

homogeneous coating of at least one from a group consisting of a thrombolytic agent and

an antithrombogeﬁic agent and at least one from a group consisting of a cellulose and a

cellulose-based polymer on said base material.

According to still another aspect of the present invention there is provided an

~ intravascular medical device comprising: a structure shaped and sized for introduction

into a vascular system of a patient, said structure including a thrombolytic agent and a

base, homogeneous material including said thrombolytic agent and at least one from a

group consisting of a cellulose, a cellulose acetate, a cellulose ester, and a cellulose

nitrate.
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Brief Description of the Drawing

FIG. 1 depicts a partial cross sectional view of an intravascular medical deQice of
the present invention with a thrombolytic coaﬁng on thé structure of the device;

'FIG. 2 depicts the medical device of FIG. 1 with a coating of an antithrombogenic
agent on the base material of the device;

FIG. 3 depicts the medical device of FIG. 1 with a first antithrombogenic agent
coating formed on the baée material and a second thrombolytic agent coating formed
thereon; |

FIG. 4 depicts the medical device of FIG. 3 with a primer coating first applied to
the base material for adhering the
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CLAIMS

1.  An intravascular medical device comprising:

a structure shaped agd sized for introduction into a vascular system of a patient,
and structure including a base material and a homogeneous coating of a thrombolytic
agent and at least one from a group consisting of a cellulose and a cellulose-based
polymer on said base material.

2. The medical device of claim 1 wherein said base material compriseé at least
one from a group consisting of a metal, a carbon, a polymer, and a biologically derived
material. _

3. The medical device of claim 2 wherein said thrombolytic agent comprises at
least one from a group consisting of urokinase, streptokinase, and a tissue plasminogen
activator.

4.  The medical device of claim 1 wherein said homogeneous coating further
includes an antithrombogenic agent.

5. The medical device of claim 4 wherein said antithrombogenic agent
comprises at least one from a group consisting of heparin,. hirudin, and an antiplatelet.

6. The medical device of claim 5 wherein said cellulose-based polymer includes
at least one from a group consisting of a 'cellulqse acetate, a cellulose ester, and a
cellulose nitrate.

7. The medical device of claim 2 wherein said metal includes at least one from a
consisting of stainless steel, tantalum, nitinol, gold, platinum, inconel, and iridium.

" 8.  An intravascular medical device comprising: .

a structure shaped and sizéd for introduction into a vascular system of a patient,
said strucmfe including a base material and a homogeneous coating of at least one from a
group consisting of a thrombolytic agent and an antithrombogenic agent and at least one

from a group consisting of a cellulose and. a cellulose-based polymer on said base

material.
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9.  The medical device of claim 8 further including a primer agent for adhering
an other of said thrombolytic agent and said antithrombogenic agent to said base
material.

10. The medical device of claim 9 wherein said thrombolytic agent comprises at
least one from a group consisting of urokinase, streptokinase, and a tissue plasminogen

activator.

11. The medical device of claim 9 wherein said antithrombogenic 'agent |

comprises at least one from a group consisting of heparin, hirudin, and an antiplatelet.

12. The medical device of claim 9 wherein at least one of said primer agent and
* said cellulose-based polymer comprises at least one from a group consisting of a
cellulose acetate, a cellulose ester and a cellulose nitrate.

13. An intravascular medical device comprising:

a structure shaped and sized for introduction into a vascula_ir system of a patient,
said structure including a thrombolytic agent and 'a base, homogeneous material
including said thrombolytic agent and at least one from a group consisting of a cellulose,
a cellulose acetate, a cellulose ester, and a cellulose nitrate.

14. The medical device of claim 13 wherein said structure includes an
antithrombogenic agent.

15. The medical device of claim 14 wherein said structure includes a primer for
adhering said antithrombogenic to said base material.

16. The medical device of claim 15 wherein said primer includes at least one of a
group consisting of a cellulose, a cellulose acetate, a cellulose ester and a cellulose
nitrate.

17. The medical device of claim 14 wherein said antithrombogenic agent

comprises at least one from a group consisting of heparin, hirudin, and an antiplatelet.

B
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18. The medical device of claim 13 wherein said thrombolytic agent comprises at

least one from a group consisting of urokinase, streptokinase, and a tissue plasminogen

activator,




