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(57) Abstract: A medical stent mold includes a tube having an interior passage sized and dimensioned to receive a stent assembly
disposed at least partially about a central portion of a stent balloon. The medical stent moid may also include a bousing forming a

o chamber through which the tube extends. The tube may include a thermally conductive material and may have a body portion that
extends within the chamber and an end portion that is proximate the body portion and that extends away from the housing. An inner

o diameter of the end portion of the tube is greater than an inner diameter of the body portion of the lube. Forced convection may be
used to quickly heat and cool the tube. Methods of increasing retention of an expandable stent assembly on a stent balloon and of de -
tecting a leak in a stent balloon are also included.



( i | Th present disclosure relates i general to the manufacture of a stent and more

specifically, to system and methods for manufacturing a medical stent within a mold having a

seamless inner surface.

0002] The m a facture of stents, particularly in th medical field, often includes placing the

medical stent within a mold. The mold and stent are then heated and an internal pressure is

applied to the medical stent to force the exterior surface of the medical stent against the interior

surface of the mold. The stent is then cooled so that the stent retains its expanded shape and the

stent is re oved from the mold. Generally, the stent is placed within a multi-segment mold,

which requires a lockin mechanism to ensure tha the segments ar stationary when the internal

pressure is applied. The locking mechanism, however, may cause an unwanted tolerance range

an outer diameter of the medical stent Additionally, the large mass of the multi-Segment

mold and th locking mechanism typically results in a long heating and/or cooling period of the

mold, which may delay the manufacture of a subsequent medical stent and consequently increase

cost and complexity of manufacture. Often, and due o the long cooling period of the o d the

internal pressure applied to the stent will be reduced, the locking mechanism will be. released

relatively quickly, and the multi-segment mold will he opened to allow the medical stent to cool.

This may result in the medical stent deforming into an undesired shape. Conventional medical

stents are sometimes tested for leaks in a subsequent method using another device after the stent

is formed.

O 3 The present disclosure is directed to a medical stent hermofo m n apparatus and

methods that overcome one or more of the shortcomings in the prior ar



. 4j This summary is provided to introduce a selection of concepts in a simplified or

that are further described below in the Detailed Description. This summary is not intended to

identify key features or essential feat ures of the claimed subject matter, nor is it intended to be

used as an aid in determining the scope of the claimed subject matter,

f S Provided are methods and a ste n assembly mold n one or more exemplary

embodiments, the mold may include a tube having an interior passage sized and dimensioned to

receive a stent assembly disposed at least partially about a central portion of a stent balloon, and

a bousing forming a chamber through -which the tube extends. In on embodiment, the tube may

include a thermally conductive material. In. yet another embodiment, the tube may have a body

portion thai extends within the chamber and an end portion thai is proximate the body portion

and that extends away from th housing. In an exemplary embodiment, an inner diameter of the

end portion of the tube is greater than an inner diameter of th body portion of the tube. In. one

or more preferred embodiments,- he tube may have a wall thickness of micrometers to about

2000 micrometers and is at least substantially non def r ab le under a . ress ure of up to 300 si.

in yet another preferred embodiment, the tube may have a seamless surface forming the interior

passage. In another embodiment, the end portion ma form a frusto-conical shape. In one

embodiment, the tube may include an nert material. n yet another embodiment, the end portion

may b sized and shaped to receive and guide the stent assembly and stent balloon into the tube.

In yet another embodiment, the interior passage may have a diameter of about . . 5 mm to about

1.35 mm.

[0006] in a further aspect, the disclosure encompasses a -stem-assembly apparatus that

includes a stent-assembly mold including a fi rs ube including a heat-conductive material and

having seamless inner surface forming a passage, a heating unit disposed in proximity and

flnid a y connected to a outer surface of the m o d, and a temperature sensor disposed in

proximity to and outside the mold, i a preferred embodiment, th apparatus may also include a

housing forming a chamber through which the mold and -a- second tube extend, in a preferred

embodiment, the second tube is -substantially similar to the mold and the temperature sensor is

disposed within a passage formed within the second tube. In one embodiment, the heating unit

forces a fluid into the chamber to heat the mold and the second tube. In yet another embodiment,



the apparatus also includes a cooling unit disposed in proximity a d fiuidieally connected to an

outer surface of the mold. In one ernbodimeni, the cooling unit forces a fluid into the chamber to

cool the moid and the second tube. In a preferred embodiment, the passages fo rmed within the

mold an the second tube are fiuidieally isolated from the chamber. In yet another preferred

embodiment, the apparatus also- includes a conduit having an end fiuidieally coupled to a stent

balloon, the end being positionable between a first location within the passage of the moid and a

second location outside of the passage of the moid; and a valve positioned i proximity to the

conduit to control the flow of a fluid through the conduit. n some -embodim ents, the mo is

sized to rece e a stent assembly that at least partially surrounds a portion of the stmt balloon,

and the end of the conduit. In yet other embodiments, the mold has a body portion tha extends

within the chamber and an end portion that is proximate the body portion an that extends away

from the housing, wherein an inner diameter of the end portion of the stent mold is greater than

an nner diameter of the body portion of the mold h one embodiment, the .first tube has a wall

thickness of about 10 micrometers to about 2000 micrometers and is at least substantially non-

de rrn b e under pressure of up to 300 psi. n yet another embodiment, the first tube is

comprised at least predominantly of metal

[0007 h yet another aspect, the disclosure encompasses a method of increasing retention of

an. expandable stent assembly on a stent balloon that includes disposing an expandable stent

assembly about a central portion of a sten balloon in a pre-sized expansion zone, heating the

stent balloon to at least a first temperature, and inflating the stent balloon to a first pressure to

cause it to .expand and correspond to the pre-sized expansion zone n some embodiments, the

method also includes cooling the stent balloon to a second temperature while maintaining the

stent balloon at the first pressure in si the expansion zone. In yet other embodiments

inflating the stent balloon to the first pressure includes forcing a fluid through an end of a

conduit that is fiuidieally coupled to the stent balloon, In yet another embodiment, heating the

stent balloon to the first temperature includes forcing fluid over an. exterior surface of the

expansion zone. n other embodiments, the method also includes measuring the temperature in a

temperature monitoring zone that is substantially similar to and outside the pre-sized expansion

zone and that is placed in proximity thereto and relative to a heat source to determine the first

temperature and the second temperature in the pre si ed expansion zone. In one embodiment.



inflating the stent balloon to the first pressure includes forcing the stent balloo and the stent

assembly thai at least partially surrounds the central portion of the stent balloon against the pre-

sized expansion zone. In other embodiments, the stent assembly has a first end and an opposi

second end, a d inflating the stent balloon to the first pressure further includes contacting an

exterior surface of the sten t balloon with the first end and the opposing second end of the stent

assembly. In another embodiment, the pre-sized expansion zone defines cylinder

0 8} n another aspect, -the disclosure encompasses a method of detecting a leak in a stent

balloon whic includes disposing a stent balloon in a pre-sized expansion .zone; inflating the

stent balloon in the pre-sized expansion zone to a pressure that expands the balloon; isolating the

pressure n the stent balloon m situ in the expansion zone, and determining whether th pressure

within the stent balloon recedes below a predetermined threshold pressure over a time period. In

one embodiment the method also includes heating the stent balloon to a . first temperature before

inflating the stent balloon, and cooling the stent balloon to a second temperature after being

inflated, while maintaining th pressure within the stent balloon h another embodiment, a stent

jacket and stent at least partially surround a central portion of the .stent.balloon, and inflating the

stent bal loon includes forcing the stent jacket against the pre-sized expansion zone. yet

another embodiment, the coolin includes forced convection.

0 Various of these embodiments and those further discussed herein should be

understood to b applicable to various aspects of the disclosure even if described on in

connection with one particular aspect,

BRIEF DESCRIPTION OF THE DRAWINGS

[001 ) The present disclosure is best understood from the following detailed description

when read w th the accompanying figures. It is emphasized that, in accordance with the standard

practice in the industry, various features are not drawn to scale. n act, the dimensions of the

various features may be arbitrarily increased or reduced for clarity of discussion.

[0 1 1 G. 1 is a diagrammatic view of an apparatus according to one or more aspects of

the present disclosure, including a user device and a tube accommodating a stent assembly and a

stent balloon



f00 ] FIG, 2 i a cross sectional view of the tube accommodating the stent assembly and the

stent balloon of FIG. , according to one or more aspects of the present disclosure.

013] FIG. 3 is a diagrammatic illustration of the user device of FIG, 1 according to an

exemplary embodiment.

[0014] FIG. 4 is a flow chart illustration that describes a method of operating the apparatus

of FIG. L according to an exemplary embodiment.

] FIG. 5 is a graph showing exemplary changes to the stent assembly temperature and

pressure over time daring the method of F G. 4, according to one or more aspects of the present

disclosure.

0 6] FIG. 6 is a diagrammatic illustration of a node for implementing one or ore

exemplary embodiments of the present disclosure, according to an exemplary embodiment.

DETAILED DESCRIPTION

|001 ] It is to e understood that the following disclosure provides many different

embodiments, or examples, for implementing different features of various embodiments.

Specific examples of components and arrangements are described below to simplify the present

disclosure. These are, of course, merely examples and are not intended to be limiting. In

addition, the present disclosure may repeat reference numerals and/or letters in the various

examples. This repetition is for the purpose of simplicity and clarity and doe not in itself dictate

a relationship between the. various embodiments and/or configurations discussed. Moreover, the

formation of a first feature over or on a second feature i the description that follows may

include embodiments in wh ich the first and second features are formed in direct contact, and may

also include embodiments in which additional features may be formed interposing the first and

second features, such that the fi r st and second features may not be in direct contact.

{0018] Referring to FIG 1, an apparatus 10 may generally include a housing 1 through

which tubes 20 a d 25 extend. n an exemplary embodiment, the housing 5 forms a chamber

30 having an entry ope ing 35 and an exit opening 38. The apparatus may also include a heat

exchanger 40 and blower 4 5 that are positioned near the entry opening 35 to force a fluid, such

as a heated or cooled gas, to enter the chamber 30 In an exemplary embodiment, the tube 25 is

sized to accommodate a temperature sensor 50 The temperature sensor 50 may communicate



with and/or be controlled by a controller 55. n an exemplary embodiment, the controller 55 may

also communicate with ami/or control the heat exchanger 40 and the blower 45. The apparatus

0 may also include a user device 60 that is operably coupled to. or communicates with, the

controller 55. n an exemplary embodiment, tube 20 is sized to accommodate a dolly 65 thai is

hdeab e or otherwise movable from a location at least partially within the tube 20 to a location

outside of the tube 20. The dolly 65 can be used if desired to facilitate loading and unloading

tube 20, or other mechanisms can be used, although the dolly 65 or mechanisms are not required.

Generally and in an exemplary embodiment, the dolly 65 is slideable towards and away from the

tube 20. n one or more exemplary embodiments, the stent assembly 70 at least partially

surrounds a balloo 75. n one or more exemplary embodiments, a catheter 85 fhndieal!y

connects the stent balloon 75 with a pressure system 0. In one or more exemplary

embodiments, the pressure system 90 ay create maintain, change, and vent a balloon pressure,

or the internal radial pressure applied to the stent balloon 75. In one or more exemplary

embodiment, the pressure system 90 may include a connector 95 that fiuidically connects to the

catheter 85 via a connector 0 located on a distal end of he catheter 85. In one or more

exemplary embodiment, the connectors 95 and or 100 may be tightly sealed quick connectors or

be corresponding "Luer " lock fittings, although any available connector may be used. n one or

more exemplary embodiments, the pressure system 90 also includes a gas source 05 and a fluid

line that fiuidicai!y connects the gas source 5 to the stent balloon 75. In an exemplary

embodiment, the gas source 105 may be pressurized pure nitrogen or other pressurized gas

(which may include a gas mixture), but preferably the gas is inert or chemically non-reactive to

the stent assembly 70, stent balloon 75, catheter 85, and tube 20. n an exemplary embodiment,

the pressure system 90 may a o include a regulator 5 positioned along the fluid line 0 such

that the regulator 5 regulates the gas flowing through the fluid line 0 , the balloon pressure,

or both- The pressure system 90 may also include valves 0 and 5 and a pressure sensor 0

located along the fluid line 10 such that the valve 0 controls the flow of gas through the fluid

line and the valve 25 controls the flow of the gas through a vent line 13 that f di aliy

connects the fluid line to a ven 136. in an exemplary embodiment, each of the valves 0

and 5 and the pressure sensor 1 0 are in communication with the controller 55, and when

included ca also be controlled by the controller 55. In a exemplary embodiment, the valve 12



a the pressure sensor 30 are placed along the fluid line 0 such that the gas source 105 and

the regulator 1 15 may b isolated from th stent balloon 75 by the valve 120, while allowing the

pressure sensor 130 to measure the balloon pressure.

(0019] n an exemplary embodiment and as illustrated in FIG. 2, the tube 20 functions as a

stent mold that forms an interior passage and has a body portion 20a that extends within the

chamber 30 a d an end portion 20b that is proximate the body portion 20a and that extends away

from a side 5a of the exemplary housing 5. n an exemplary embodiment, th tube 20 has

another end portion 20c tha extends away fro a side 5b of the housing . In one or more

exemplary embodiments, the en portion 20b forms a rusto eomca shape or trumpet shape, or

another shape, to facilitate guiding the stent assembly 70 arid other components into the tube 20

more readily. n an exemplary embodiment, the body portion 20a: extends within the chamber 30

such than the exterior surface of the body portion 20a is exposed to the gas forced into the

chamber 30 by the blower 45. which blower gas is kept uidi ally separate from the gas fro

gas source 105 as that is typically a sterile or medical grade quality gas that contacts the stent

assembly 70 and other surgical components t should be understood the blower gas may simply

be untreated ambient air, or may be filtered or .otherwise processed gas. n a exemplary

embodiment, the tube 20 is positioned in the chamber 30 such that the blower gas forced over the

exterior of the tubes 20 and 25 creates a uniform temperature along the exterior surface of the

tubes 20 and 25. This can be achieved such as by placing tubes 20 and 25 in a vertical

arrangement above and below each other and at the same or substantially the same distance from

an outlet port of the blower 45 and exchanger 40,· The end portion 20b of tube 2 forms an

opening 20d that receives the stent assembly 7 and the stent balloon 75. n an exemplary

embodiment, the end portion 20b has an inner diameter that is greater than an inner diameter of

the body portion 20a. n an exemplary embodiment, a distal end of the stent catheter 85 may

also be inserted into the opening 20 formed by the end portion 20b. in an exemplary

embodiment as depicted, the en portion 20c extends away from the side 5b o the housing an

forms an opening 20e. For various reasons, in some embodiments side 5b of the housing 5

can be closed, opening 20e need no b present, and the tube(s) need not extend ther ethrough n

suc embodiments, the end portion. 20c of the tube 20 (and the other tube 25) can be att ached to a

recess on an inner wall of side 5b sized to fit the end portion 20c, rested on a shelf or even



fixed to the inner wall of the housing 5 (no shown). In an exemplary embodiment, the interior

passage of the tube 20 is fluidically isolated from the chamber 30. i an exemplary embodiment,

the interior passage of the tube 20 is sized and dimensioned to receive the stent assembly 70 and

the stent balloon 75. In an exemplary embodiment, the tube 20 has a seamless surface forming

the interior passage n an exemplary embodiment the tube 2 includes a thermally conductive

material, such as for example, a metal (including one or more metals, such as in an alloy,

composite, or combination), such as stainless steel. In an exemplary embodi ent the tube 20 is

a metal, such as an inert or chemically non-reactive metal relative to the stent assembly 70, stent

balloon 75, and catheter 85. n one or ore exemplary embodiments, the interior passage has a

diameter larger than an oute diameter of the stent 70 and the stent balloon 75. n an exemplary

embodiment, the tube 20 may be a single piece of cold-drawn tube,- such as for example, a

yp tube, which are commercially available and used, for example, in association with

conventional syringes n an exemplary embodiment, the tube 2 is non-compliant or near non-

compliant when an internal pressure is applied to the stent balloon 75. That is, the tube 20 is at

least substantially non-detormable (i.e., less than 1%, less than 0.5%, less than 0 1%, or less than

0.01% n various embodiments, change of inner diameter, or is entirely non- deformable under a

pressure of up to 300 psi. n one or more exemplary embodiments, the interior passage of the

tube 20 may have an inner diameter between the range of .15- 35 mm. I one or ore

exemplary embodiments, the inner diameter of the tube 20 has a tolerance of + - micrometers,

although typically the tolerance is less than +/- 5 micrometers, and in an exemplary embodiment

is less man + - 1 micrometer or even 0,1 micrometers. In an exemplary embodiment the tube 20

is thin-walled metallic tube that can be heated and cooled quickly using conduction, forced

convection (such as directly from the blower 45 and exchanger 40), or radiation o any

combination thereof. To that end, the interior of the housing facing the tubes 20 and 25 may

be made of reflective material to increase radiative heating if desired, and an alternative

embodiment could inc de heating elements arranged about the tubes 20 and 25 in place of the

blower 45 and exchanger 40, permitting chamber 30 of housing to be entirely sealed. In an

exemplary embodiment, the tube 20 is pre-s ed expansion zone that defines a cylinder, In an

exemplary embodimen t, the tube 20 has a wall thickness of about 10 micrometers to about 2000

micrometers. In another embodiment, the tube 20 wal thickness is about 0 micrometers to



about 00 micrometers. n ye a further embodiment, the tube 20 wall thickness is about 200

micrometers to about 300 micrometers, for example, 2 0, 2 , 220, 225, 230, 235, 40 245,

250, 55, 260. 265, 270, 275, 280 285, or 290 micrometers thick.

[0020] In an exemplary embodiment, the tube is substantially identical or identical to the

tube 20 therefore the tube 25 will not. be described in further detail. Reference numerals use to

refer to the features of the tube 25 that are substantially identical to the features of the tube 20

will correspond to the reference numerals used to refer to the features of the tube 20 except that

the prefix for the reference -numerals used to refer to the features of the tube 20, that is, 20, wi l

be replaced by the prefix of the tube 25. th a is, 25. In a exemplary embodiment, the end

portion 25b of the tube 25 does not form a frusio-comcai or trumpet shape, n an exemplary

embodiment, the tube 25 has an interior passage s ed and dimensioned to receive the

temperature sensor 50. The tube 25 extends through the chamber 30 at a location adjacent an

symmetrical (in relation to air flow) to the tube 20, so that the temperature in the tube 25 is .equal

to, or at least corresponds to, the temperature in the tube 20. In an exemplary embodiment the

tube 25 is positioned in the chamber 30 proximate the tube 20. n an exemplary embodiment the

end portion 25b extends away from the side a of the housing 1 and the end portion 35a

extends away from the side b of the housing. In an exemplary embodiment, the interior

passage of the tube 25 is fluidica!ly isolated from the chamber 30. In a exemplary embodiment,

the body portion 25a extends within the chamber 30 such than the exterior surface of the body

portion 25a is exposed to the gas forced into the chamber 30 by the blower 45. In an exemplary

embodiment, the tube 25 is positioned in the chamber 30 su h that the gas forced over the

exterior of the tubes 20 and 25 creates a uniform temperature along the exterior surface of the

tubes 20 and 25. h another exemplary embodiment, tub 25 may be sealed at the end(s) to

simulate the arrangement of tube 20 once t s loaded with the stent assembly 70 and stent

balloon 75.

[ 21.) In an exemplary embodiment, the temperature sensor 50 may include one or more

thermocouples, a miniature thermocouple, or any other temperature sensing device. In an

exemplary embodiment the temperature sensor is accommodated in the bod y portion 25a of the

tube 25. n an exemplary embodiment, the temperature measured by the temperature sensor 50

is equal to, or at least corresponds to, the temperature in the tube 20, In an exemplary



, the temperature sensor 50 is capable of continuously monitoring the temperature

withi the tube 25. In one embodiment, the temperature sensor 50 is embedded or fixed within

the tube 2 t minimize temperature measurement va iation between different stent assemblies.

| 2 ] In an exemplary embodiment, the heat exchanger 40 is positioned relative to the

blower 45 such that the blower 5 forces the fluid, such as air, across the heat exchanger 40 to

heat or coo the gas entering the chamber 30. In an exemplary embodiment, the heat exchanger

40 may clude heating coils or any other type of heating devi ce h an exemplary embodiment,

the heat exchanger 40 and the blower 45 may be a conventional industrial hot a r blower being

controlled in closed loop fashion with input from the temperature sensor 50. In an exemplary

embodiment, the heat e hanger 40 is disposed in proximity and rl id cai connected to an

outer surface of the tube 20. In an exemplary embodiment, the heat exchanger 40 may include a

refrigerant. n one embodi ment, the output end of the exchanger 40 and blower 45 is connected

to the housing in a sealed ma er, which can better control the temperature inside the housing

5. n yet another embodiment, the exchanger 40: and blower 45 are integrally formed with or

embedded inside the housing 5 . It should be understood that the blower 45 and exchanger 40

need not be used if another suitable heat source is provided, such as the radiative heat

embodiment discussed above.

[0 23 I an exemplary embodiment, the stent balloon 75 may be comprised of .any

elastomerie material(s), but typically is made of any surgical-grade material(s) used to form a

balloon for insertion into a lumen of a patient n an exemplary embodiment, the stent balloon

75 s an expandable balloon when an internal radial pressure is applied to the stent balloon 75.

r s an exemplary embodiment, the stent balloon 75 may be an angioplasty balloon..

[0024] in an exemplary embodiment the stent assembly 70 may include any conventional

medical stent, in some embodiments, the stent assembly 7 is comprised of material which

plastically deforms when a sufficient amount of radial pressure is applied to it, for example by an

angioplasty balloon. In an exemplary embodiment, the stent assembly 70 is disposed about a

central portion of the stent balloon 75, with the stent balloon 75 being in an at least partially

unexpended state. n one exemplary embodiment, the stent assembly 70 is "crimped , on the

stent balloon 75 in a previous process a d th process described herein is used to help further

ensure the stent assembly 70 and. stent balloon 75 do not. separate one or more exemplar



embodiments, the inflation lumen 45 extends along the length of the stent assembly 70 and is

used to inflate and depressurke the ste t balloon 75. In another embodiment (not. shown), the

inflation lumen 145 is not used and the sten t balloon 75 is attached to or adjacent an end of the

catheter 100, or directly to a pressure source, for inflation and depress rk at n. In an exemplary

embodiment, the stent assembly 70 is comprised of a material that is stretehable, expandable, or

both. Therefore, and in. some embodiments, the stent assembly 0 is composed of a material

which is either a) stretehable or b) can be used to manufacture a porous support structure which

is stretehable (e.g., a knitted structure). In some exemplary embodiments, the stent assembly 70

is composed of a material that is biodegradable (I i , are broken down by th body),

bioresorbable (i.e. , are absorbed into the body), or any combination thereof In an exemplary

embodiment, the stent assembly 70 may be composed of a natural-based material, such as for

example, modified cellulose and/or collagen n some embodiments, the sten assembly 7.0 may

be conrposed of metal wires used to construct a porous support structure, including one or more

of stainless steel, CoCr, orCoNi alloy, among other possibilities n an exemplary embodiment,

the metal wires are coated with at least one polymer or pharmaceutical agent, or both, as is

known in the art. n some embodiments, the porous support structure is manufactured from a

shape memory alloy, such as nit no n an exemplary embodiment, carbon fiber is added to th

stent assembly 70 in order to improve strength characteristics of the stent assembly 70. n

exemplary embodiment, glass fiber is added to the stent assembly 70 in order to improve strength

characteristics of the ste t assembly 70. In exemplary embodiment, a durable, resorbable

and/or degradable fiber is added to the stent assembly 70 in order to improve strength and

durability characteristics of the fiber during manufacture which is degraded or resorbed or

washed away to leave a thinner stent assembly 70. In an exemplary embodiment, the stent

assembly structure {including the stent jacket discussed below) can include an stent or stent

j acket (also referred to as a porous structure) available to those of ordinary skill in the art,

including without limitation those described in U Patent Publication Nos. 2009/0138070 and

2010/0241214, the entire contents of each of which is incorporated herein by express reference

thereto.

02Sj In an exemplary embodiment, the stent assembly 70 includes a stent jacket (not

shown) that may at least partially surround a central portion of the stent orm in the support



structure of stent assembly 0. in an exemplary embodiment, the stent jacket may include one

or more polymer .fibers. In an embodiment, the polymer chosen for use in .constructing the stent

jacket and/or the sten assembly 70 is elastic, biocompatible, hemocompatible, can be d not

to stick to an expandable angiopiasty-type balloon catheter, to stick to endothelium tissue, is

se!ectab!y bio-stable and/or biodegradable, exhibits the requisite mechanical strength, is

steriiizabie, has a high temperature transformation zone solid and non-sticky at 37° C), ate

capable of hosting an effecti ve amount of one or more pharmaceutical agents, or can release

embedded pharmaceuticals a t a controlled rate, or any combination thereof, n some exemplary

embodiments, other materi als which exhibit some or all of these properties are optionally used to

construct the stent assembly 70, typically the stent jacket portion of the stent assembly 70. n an

exemplary embodiment, one or more coatings are put o the stent jacket and/or the stent in the

stent assembly 70, and the coatings are comprised of materials which exhibit so e or all of these

properties.

| 6] in an exemplary embodiment, the polymer fiber(s) are optionally made out of any of

th following materials: thermoplastic polymers including a polyoiefin for example,

polyethylene terephthaiate (PET), polyethylene co-vinyl acetate, polyethylene elastomer, Ρ Ε -

PBT, PEO-PLA, PBMA. or any combination thereof, or polyesters, polyfluoropolymers such as

PTFE, any oxidized acrylic, Carbosil* (PTG product), polyurethane such as -medical grade

polycarbonate r thane, a poiyarnide (e.g., Nylon* ), E -Optima, a carboxyiic acid moiety

comprising one or more of a poly acrylic acid, a poly methacrylic acid, a malesc acid, a helonic

acid, a laconic acid and/or combinations and/or esters of these monomers as well as thermoseiic

polymers, or any combination of the foregoing. In a exemplary embodiment, the fibers ar

constructed of an elastomer n an exemplary embodiment,, the fibers are constructed of a coated

fiber a drug and polymer coating mixed to get a predetermined drug release characteristic,

either coating over a metal and/or over a polymer fiber, in an exemplary embodiment, the fibers

are constructed of other materials than the exemplary materials listed above. Exemplary

polymers which ar optionally used for this purpose are manufactured by Cordis®, Surmodix®,

Boston Scientific®!, Abbott® and e oteq® Polymers. n an exemplary embodiment, these

polymers are selected for a least one of the reasons specified in the paragraph above n an

exemplary embodiment, the coating is used to facilitate the elutton of pharmaceuticals from the



stent jacket, stent, coating over either or both, or from the entire stent assembly 70. Any

suitable pharmaceutical ingredient ca be e ted directly into the lumen in which the stent is

deposited

002 j In some embodiments, any portion of the stent assembly 70 i made out of a

resorbab e deg ada le polymer such as poly act c- o p lygiycolic ( LGA ) copolymers, or any-

other degradable copolymeric combination, such as polycapro a one ("PCL"), ..pplygl«conate,

poiylaetic acid-polyethylene oxide copolymers, poiy hydr xy utyra e) polyanhydride. poly-

phosphoester. poly( mino acids), p y- - actide poly-D-laetide, p ygiyco kle, po yta pha

hydroxy acid) and combinations thereof. In one exemplar) ' embodiment, the stent of the stent

assembly 70 s formed from a metal support and the stent jacket is disposed over the stent and

includes on or more PET fibers arranged to provide apertures through a knit stent jacket in a

size of 10 micrometers to 200 micrometers.

| 2 | In an exemplary embodiment, the dolly 65 is sized to accommodate a portion of the

catheter 85 and allow an operator to insert the distal end of the catheter 85 into the tube 20 to a

predetermined depth, so that the entire stent assembly 70 and balloon 5 are within the body

portion 20a of the tube 20.

[0029] In an exemplary embodiment, as illustrated in F G, 3 w th continuing reference to

FIG. , the user device 60 includes a computer readable medium 60a, a processor 60b, an input

device 60c, and an output device 60d. In an exemplary embodiment, instructions accessible to,

and executable by, the processor 60b are stored in the computer readab medium 60a. In an

exemplary embodiment, web browser software is stored n d e computer readable medi m 60a.

in an exemplary embodiment, the input device 60c and the output device 60d include a graphical

display, which, in several exemplary embodiments, is in the form of, or includes one or more

digital displays, on or more liquid crystal displays, one or more: cathode ray" tube monitors, or

any combination thereof. ri an exemplary embodiment, the output device 60d includes a

graphical display, a printer, a plotter, or any combination thereof. In an exemplary embodiment,

the input device 60c i a so the output device 60d, and the output device 60d is also the input

device 60c, e.g., a touch-sensitive tablet computer display m several exempiary embodiments,

the user device 60 is, or includes, a personal computer, an other type- f computing devices,

and/or any combination thereof in several exemplary embodiments, the user device 60 includes



a plurality of user devices. In several exemplary embodiments, the user device 60 is, or at least

includes the controller. 55,

0 n an exemplary embodiment and referring back to F G. 1, the controller 55 may

include a computer processor 55a a d a computer readable medium 55b operably coupled

thereto instructions accessible to, and executable by, the computer processor 55a are stored on

the computer readable medium 55b. A database 55 is also stored in the computer readable

medium 55b. The controller 55 may be operably coupled to and control the function of any one

or more of the heat exchanger 40, the blower 45. any additional or alternative heat source, the

temperature sensor(s) 50 the user device 60, the dolly 65 if included, the optional valves 120 and

125, the pressure sensor 130, and the gas regulator 5.

0031 n an exemplary embodiment, as illustrated in F G. 4 with continuing reference to

F GS. 1-3, a method of operating the apparatus is generally referred to by the reference

numeral 250. In an exemplary embodiment, the method 250 includes disposing th stent

assembly 70 about a central portion of the stent balloon 75 (either inside or outside the housing)

and disposing the associated stent assembly 70 and stent balloon 75 in the tube 20 at step 255;

heating the stent balloon 75 to at least a first temperature at step 260; inflating the stent balloon

75 to a predetermined pressure at step 265; maintaining the stent balloon 75 at a second

temperature for a predetermined period of time at step 270; cooling the sten t balloon 75 to a third

temperature at step 275; determining whether the balloon pressure recedes below a

predetermined threshold pressure at step 280; optionally either designating the stent balloon 75

as a balloon that did not maintain pressure above the predetermined threshold pressure at step

285 or designating the stent balloon 75 as a balloon that did maintain pressure above the

predetermined threshold pressure at step 290; reducing balloon pressure and temperature at step

295; and removing the stent assembly 70 and the balloon from the tube 20 at step 300. It should

be understood that in one embodiment the temperature can be educed partly or entirely back to

ambient temperature while the pressure is maintained before designating the stent balloon 75 as

having a leak or not based on whether it maintains the pressure above the predetermined

threshold pressure. This is possible because of the thin-wailed tube 20 that permits temperature

to be reduced far ore rapidly than a conventional mold, such as without burning or melting the

materials used in the stent assembly 70 or stent balloon 75.



.0032] At the step 255, the stent assembly 70 and the stent balloon 75 are disposed the

tube 20, I an exemplary embodiment, the stent assembly 70 is disposed about a central portion

of the stent balloon 75 in the imexpanded or a minimally expanded state. In an exemplary

embodiment, the connector 00 is connected to the connector 95 to connect the stent balloon 75

with the pressure system 90. In an exemplary embodiment, at. least a portion of the catheter 85 is

accommodated within the optional dolly 65. h an exemplary embodiment, the stent assembly 70

and the stent balloon 75 are inserted into the tube 20 through the opening 20b and at. least a

portion of the catheter 85 is also inserted into the tube 20. I an exemplary embodiment the

movement of the stent assembly 70 and the stent balloon 75 towards and away from the tube 20

is not hindered by being .connected to the pressure system 90, as at least a portion of the catheter

85 is accommodated with the dolly, which is slideable towards and away from the tube 20. In an

exemplary embodiment, the stent assembly 70 and. th -stent balloon 75 are accommodated within

the body portion 20 of the tube 20. In an exemplary embodiment, the placement of the stent

assembly 70 and the stent balloon 75 within the body portion 20a of the tube 20 maybe

performed automatically, such a under the direction of the controller 55 once initiated by the

user, and removed automatically once the temperature and pressure are each reduced to

acceptable levels after the process is completed for each stent assembly 70 a d stent balloon 75

[0033] At. the step 260, the stent balloon 75 is heated to at least the first temperature. That

is, the temperature sensor 50 measures a temperature withi the tube 20 tha is at least the first

temperature in one or more embodiments, the first temperature is abou 57 . References

herein to the temperature of the stent balloon 75 may be based on the temperature of the stent

balloon, as based on the measurement of the temperature within the tube 25 as measured by the

temperature -sensor 50. In one or more exemplary embodiments, the temperature sensor 50

measures the temperature within the tube 25, which is identical or .substantially identical to the

temperature within the tube 20 t the stent balloon 75. n one or more exemplary embodiments,

the temperature measured by the temperature sensor 50 is used to monitor the temperature of the

stent balloon 75. In an exemplary embodiment, and a the tubes 20 and 25 are substantially

identical, the temperatures of the tubes and the interior passages within the tubes 20 and 25 are

identical or substantially identical (i.e., less than 10% difference, and in some -embodiments this

is a known or determined difference that can b accounted for by the controller 55). Regardless,



in an exemplary embodiment the stent balloon 75 is in a softened state once the stent balloon 75

is heated to or above the first temperature. n an exemplary embodiment, heating the stent

balloon 75 to the first temperature includes the blower 45 forcing air across the heat exchanger

40 and through the e try opening 35 and into the chamber 30 of the housing . In an exemplary

embodiment, this heated air contacts the exterior surface of the tubes 20 and 25 to heat the tubes

20 and 25 and the stent balloon 75, A s illustrated in. F G. 5, forcing hot air across the exterior of

the tube 20 increases the temperature of the stent balloon 75 illustrated by a line 0, to the first

temperature, illustrated by a point 55. However, the predetermined temperature and the

predetermined temperature range is dependent upon the material of whic the stent bal loon 7 is

comprised. In an exemplary embodiment, the first temperature is dependent upon the thermal

properties of the stent balloon 75, in an exemplary embodiment, the first temperature is a

temperature that permits or results in plastic deformation of the stent balloon 75.

f003*4] At the ste 265, the stent balloon 75 s inflated to a predetermined pressure. In an

exemplary embodiment, the predetermined pressure is within a predetermined pressure range of

about 240-290 psi. an exemplary embodiment, after the temperature sensor 50 measures a

temperature equal o greater than the first temperature, and while the stent balloon 75 is in the

softened state due to the heating, the pressure system 90 Increases the balloon pressure,

illustrated by a line 0, until the balloon pressure reaches the predetermined pressure, illustrated

by a point 165. in an exemplary embodiment, inflating the stent balloon 75 to the predetermined

pressure includes the controller 55 opening the valve 20 and activating the regulator 5 such

that the gas passes through the fluid line from the gas source 05, optionally to the Inflation

lumen 145 or alternatively through the catheter 85, or both, to inflate the stent balloon 75·. In an

exemplary embodiment, the pressure sensor 130 measures the balloon pressure. n .an exemplary

embodiment, increasing the balloon pressure to the predetermined pressure expands the stent

balloon 75 in the radial direction, or increases th diameter of the stent balloon 75, s h that the

stent balloon 75 is in an expanded state. That is, an exterior surface "75a of the stent balloon 75

contacts the interior diameter 70a of the stent assembly 70 and at least one of opposing end edges

70b and 70c of the stent assembly 70. In a exemplary embodiment, a "pillow" or a "shoulder'

is formed n the stent balloon 7 where the exterior surface 75a of the stent bal loon 75 contacts

the opposing end edge 70b or 70c, or both. In a exemplary embodiment, the stent balloon 75 is



in the softened state and the expanded state at the step 270. A variety of other pressure ranges

are contemplated here. an exemplary embodiment, the balloon pressure is controlled by the

regulator , tvpically a self-adjusting electronic regulator. In an exemplary embodim ent, the

predetermined pressure is dependent upo the material of the stent balloon 75. n an exemplary

embodiment, the predetermined pressure is dependent upon the thermal properties of the material

forming the stent balloon 75. In .an exemplary embodiment, the predetermined pressure is a

pressure that results in plastic outward deformation of the stent balloon 75.

035 At the step 270, the st r t balloon 75 is maintained at a second temperature within a

predetermined temperature range for a predetermined period of time in an exemplary

embodiment, the stent balloon 75 remains in the expanded state during the step 270. in a

exemplary embodiment, the second temperature, illustrated as a point 67, is 60°C and the

predetermined temperature range is 58 62 . In an exemplary embodiment, the predetermined

period of time is between 5 an d 15 seconds. n another exemplary embodiment, the

predetermined period of time is between 5 and 25 seconds. n another exemplary embodiment,

the predetermined period of time is between and 30 seconds. In an exemplary embodiment,

maintaining the stent balloon 75 at a second temperature includes the controller 55 controlling

the blower 45 and the heat exchanger 40 in response to the measurements obtained by the

temperature sensor 50 to maintain and/or change the temperature of the stent balloon 75. In an

exemplary embodiment, the balloon pressure i maintained at the predetermined pressure during

the step 270. one embodiment (not shown) the pressure is increased in the stent balloon 75

linearly as the temperature increases, typically after an initial minimum temperature threshold is

reached, so that th stent balloon ? is mor pliable than at ambient temperature. In this

embodiment, there are not two distinct temperatures or. anges although the maximum

iemperature range or second temperature is reached during the operation. n any embodiment

the pressurized sten balloon 75 typically sticks to the inner diameter of the stent assembly 75

and forms at least one pillow as discussed above.

036 At the step 275. the stent balloon 75 is cooled to a third temperature. In an exemplary

embodiment, the third temperature is at or near room temperature, or ambient temperature. In an

exemplary embodiment, the stent balloon 75 is cooled to the third temperature in situ in the tube

20 In an exemplary embodiment, the stent balloon 75 is cooled to the third temperature in si u



in the tube 20 while the balloon pressure is at th predetermined pressure. In an exemplary

embodiment, the third temperature is around 24°C, as-illustrated by a point 0 . an exemplary

embodiment the controller 55 controls the blower 45 and the heat exchanger 40 such that cool,

or at least unhealed air, is forced across the exterior surface of the body portion 20a of the tube

20 to cool the stent balloon 75 and accompanying components, h an exemplary embodiment,

the stent balloon 75 becomes harder ( ess pliable) when cooled to the third temperature. In an

exemplary embodiment, the- stent balloon 75 i cooled while in the expanded state such that the

exterior surface 75a of the balloon remains in contact with at least one of the opposing end

surfaces 70b and 70e, and typically along a length of the inner diameter of the sten assembly 75,

even after the balloon pressure is reduced. Therefore, and in an exemplary emb odiment, the

balloon is "hardened' ' with the one or two shoulders or pillows so thai the exterior surface 75a of

the stent balloon 75 contacts at least one of the opposing end surface 70b and 70c to increase a

stent retention hree when the stent assembly 70 is later inserted i to a patient s lumen at. the

distal en of a catheter, such as catheter 85. t sho uld be understood that the stent assembly 70

and stent balloon 75 may be removed fr o catheter 85 for shipping, assembly wit a different

catheter or other insertion device, o the like, or may be retained on the same catheter 85 for

immediate use, storage, or shipment for later remote use.

03 A th step 280, the controller 55, using the pressure sensor 130, determines whether

the balloon pressure has receded below a predetermined threshold pressure. In an exemplary

embodiment, the pressure system 90 isolates the stent balloon 75 fr o the pressure source 1.05

and the regulator 5 by closing the valve 120. In an exemplary embodiment, the isolation of

the stent balloon 75 occurs after a predetermine -period of time or upon the temperature of the

stent balloon 75 receding below a predetermined threshold temperature, such as or example

5 C. In an exemplary embodiment, the predetermined threshold temperature may be greater

than the third temperature. In an exemplary embodiment, the pressure sensor 130 measures the

balloon pressure ft er the stent balloon 75 is isolated, and the controller 55 detennines whether

the balloon pressure drops below the predetermined pressure threshold. In an exemplary

embodiment, the stent balloon 75 is isolated for 5 second s, seconds, 5 seconds, r more. In

an exemplary embodiment, th predetermined pressure threshold is approximately 1 psi, 5 psi, or

0 psi lower (or even lower, such as 75%, 50%, or 2% of the imparted pressure) tha the



predetermined pressure. In an exemplary embodiment, the threshold pressure is 249 psi.

However, a variety of threshold pressures are contemplated here. If the controller 55 determines

that the balloon pressure has receded below the threshold pressure, the next step is step 285. f

the controller 55 determines that the balloon pressure has no receded below the threshold

pressure, the next step is step 290. In one or more exemplary embodiment, the balloon pressure

receding below the threshold may indicate a damaged balloon, such as for example, a sten

balloon 75 that has a leak n an exemplary embodiment, the step 280 may occur simultaneously

with or during the step 270 or the step 275 That is. the pressure system 90 ay isolate the stent

balloon 75 from the pressure sourc 105 and the regulator 5 any time after the stent balloon 7

reaches the second temperature.

[0038] At the step 285, the controller 55 designates the stent balloon 75 as a balloon th at did

ot maintain pressure above the predetermined threshold. In one exemplary embodiment, the

output device 60d of the user device 60 displays a notification that the stent balloon 75 is an

"unacceptable' balloon or FA L. n an exemplary embodiment an unacceptable balloon may

be a balloon that has a leak. In thi embodiment, the stent balloon 75 may b -removed fr the

stent assembly 70 in case it is possible to re-use the stent assembly 70 m the process with a fresh

stent balloon 75,

At the step 290, the controller 55 designates the stent balloon 75 as a balloon that did

maintain pressure above the predetermined threshold. In on exemplary embodiment, the output

device 60d of the user device 60 displays &notification that the stent balloon 7 is an

"acceptable " balloon. Of course, a green light or color could be used, as a re light or color

could be used above for the unacceptable bal loon, and a vari ety of other suitable distinguishing

characteristics can be used together or alternatively.

00401 At the step 295 and after either the step 285 or the step 290, the balloon pressure is

reduced to ambient or atmospheric pressure and the balloon further cools to room temperature.

In an exemplary embodiment, the controller 55 opens the valves 0 and 125 to allow gas to pass

from the stent balloon 75 and through the vent line 5 and out of the vent 36 , The heat

exchanger 40 and blower 45 may continue forcing cool, or at least unhealed air, across the

exterior surface of the tube 20 to further ool the stent balloon 75 to room temperature if the stent

balloon 75 has not already reached room temperature.



[0041] At. the step 300, the stent assembly 70 and the ste balloon 75 are removed from the

tube 20. The stent assembly 70 and the stent balloon 75 may be removed by a operator, or

automatically after the output device 0d of th user device 60 displays a notification that the

stent assembly 70 and the stent balloon 75 may be removed from the tube 20.

[0042! I an exemplary embodiment, the method 250 is used to create a relatively quick

temperature rise and a plateau to the second temperature for a desired length of time, followed by

a quick cooling by air flow at ambient temperature. In exemplary embodiment, the method

250 results in the stent balloon 75 being inflated to the expanded- state while in a softened state,

and then the stent balloon 75 being hardened by cooling the stent balloon 75 to a third

temperature while in the expanded state. In an exemplary embodiment, the method results in the

shoulders or pillows being formed to increase the stent retention force. While FIG, 2 depicts

su ch shoulders in a particular configuration, should be understood that each pillow may have a

different or independent shape, and may be in any shape desired. For example, in one

embodiment the pillows may be rounded (not shown), such that a bump exists adjacent the end

of the stent but the balloon does not contact the stent except at the stent end edges 70b, 70c near

or below the outer surface of th stent. In another embodiment, the pillow, or shoulder, is

radially uniform. In another embodiment, the leading edge of the stent balloon 75 contacts the

inner surface of the tube 20 along a length (as opposed to a point). Various configurations can

be provided, but preferably the piilow/stent combination will minimize lateral slippage between

the stent and balloon 75 along an axial length of the stent.

Θ43] n an exemplary embodiment, the method 250 ma be completed in between 45 and

60 seconds. Of course, longer times can be used if desired an exemplary embodiment, the

method 250 results in a quickly heated and quickly cooled stent mold, h an exemplary

embodiment, the method 250 results in a forced heating and a forced cooling of he mold, or the

tube 20, and the stent balloon 7 while maintaining the stent balloon 75 at the predetermined

pressure. In an exemplary embodiment, the method 250 results n balloon 75 and stent

assembly 70 having a exterior diameter that falls within a tolerance range, such as for example,

- - 0.01 mm or less n an exemplary embodiment, the tube 20 is a seamless, one-piece tube 20

independent of a locking mechanism. In an exemplary embodiment, the seamless, smooth

interior diameter of the tube 20 decreases the likelihood of damaging the stent assembly 70



and/or the stent balloon 75 by snagging or deforming any mesh, libers, elastomer, coating

material, or fabri c that may be attached to or part or be part o f the stent assembly 70. In an

exemplary embodiment, the method 250 may be used t o detect a leak in the stent balloon 75,

rt icularly in one embodiment while the stent balloon 75 is still in the moid", i.e., in the tube

20. This advantageously avoid th need or a second device to conduct eak detection

balloon acceptability test at a .later time.

(0044] n an exemplary embodiment, data relating t predetermined limits may be stored in

the database 55c. In an exemplary embodiment the predetermined limits m a e the

predetermined temperature range and the predetermined pressure range. n an exemplary

embodiment, the controller 55 may determine whether the temperature as measured by the

temperature sensor 50 exceeds the p redeter ned temperature range and if so, may cause the

output device 60d of the user device 60 to display a notifi a o that the sten balloon 75 was

exposed to conditions outside of the. predetermined limits. In an exemplary embodiment, the.

controller 55 may determine whether the pressure as measured by thepressure sensor exceeds

the predetermined pressure ran ge and if so, may cause the output device 60d of th user devi ce

60 to display a notification that the stent balloon 75 was exposed to conditions outside of the

predetermined limits. n an exemplary embodiment, the controller 55 ay designate the stent

balloon 75 as a stent balloon 75 that was exposed to conditions outside of the predetermined

limits, n an exemplary embodiment and when the balloon 75 is exposed to conditions outside of

the .predetermined limits, the controller 55 may designate the stent balloon 75 as "unacceptable."

(0045] I an exemplary embodiment, the steps 260-300 are performed automatically alter an

operator inputs or selects a start command from the input display 60c of the user device 60.

(0046] In an exemplary embodiment, as illustrated i n FIG. 6 with continuing -reference to

FIGS, 1-5, an illustrative node 000 for implementing one or more embodiments of one or more

of the above-described networks, elements, methods, steps, or any combination thereof is

depicted. The node 00 includes a microprocessor 1000a, an input device 00b, a storage

device 00c, a video controller OOd, a system memory Qe, a display 1OOOf, and a

communication device OOg all interconnected by one or more buses lOOOh. n several

exemplary embodiments, the storage device 00c may include a floppy drive, hard drive, CD-

ROM, optical drive, any other form of storage device and/or any combination thereof. I several



exemplary embodiments, the storage device 00c ay include, and/or be capable of receiving, a

floppy disk, CD-ROM, DVD-ROM, or any other orm of computer-readable medium that may

contain executable instructions. In several exemplary embodiments, the communication device

O g may include mode , network card, or any other device to enable the node to

communicate with other nodes. several exemplary embodiments, any node represents a

plurality of interconnected (whether by intranet or Internet) computer systems, including without

limitation, personal computers, mainframes, . A , and cell phones.

4.7] in several exemplary embodiments, one or more of the heat exchanger 40, the blower

45, the temperature sensor 50, the pressure sensor 30, the valve 0, the valve 5, the pressure

regulator 115, the user device 60. the controller 55 includes the node 1:000, r components-

thereof, or one or more nodes that are substantially similar to the node 00 or components

there .

(0048] in several exemplary embodiments, a computet system typically includes at least

hardware capable of executing machine readable instructions ., as wel as- he software for

executing acts (typically .machine-readable instructions) that produce a desired result. n several

exemplary embodiments, the computer system ay include hybrids of hardware and software, as

well as computer sub-systems.

[0049] In- several exemplary embodiments, hardware generally includes at ast processor-

capable platforms, such as client-machines (also known as personal computers or servers), -and

hand-held processing devices (such as smart phones, personal digital assistants (PDAs), or

personal computing devices (PCDs), for example). In several exemplary embodiments, hardware

may include any physical device that is capable- f storing machine-readable instructions, such as

memory or other data storage devices. In several exemplary embodiments, other forms of

hardware include hardware sub-systems, including transfer devices such as modems, modem

cards, ports, and port cards, for example.

0 h several exemplary embodiments, software includes any machine code .stored in any

memory medium, such as RAM or ROM, and machine code stored on other devices (such as

floppy disks, flash memory, or a CD ROM, for example). In several exemplary embodiments,

software may include source or object code in several exemplary embodiments, software



encompasses any set of instructions capable of being executed on a node such as, for example,

on a client machine or server.

{005 n several exemplary embodiments, combinations of software and hardware -could

also be used for providing enhanced functionality and performance for certain embodiments of

the present disclosure. n an exemplary embodiment, software functions a e directly

manufactured into a silicon chip. Accordingly, it should be understood that combinations of

hardware and software are also included within the definition of the computer system and are

thus envisioned by the present disclosure as possible equivalent structures and equivalent

methods.

[0052] n several exemplary embodiments, computer readable .mediums include, for

example, pas ve data storage, such as a random access memory (RAM) as we as semi¬

permanent data storage such as a compact disk read only memory (CD-ROM). One or more

exemplary embodiments of the present disclosure may be embodied in the RAM of a computer

to transform a standard computer into a new specific computing machine. In several exemplary

embodiments^ data structures are defined organizations of data thai may enable an embodiment

of the present disclosure. n an exemplary embodiment, a data structure may provide an

organization of data, or an organization of e cutable code. In several exemplary embodiments,

data signals could be carried across transmission mediums and store a d transport various data

structures, and, thus, may be used to transport an embodiment of the present disclosure.

[0053] In s vera exemplary embodiments, a database may be any standard or proprietary

database soft ware such as Oracle, Microsoft Access, SyBase, or DBase L for example.

several exemplary embodiments, the database may have fields, records, data, arsd other database

elements that may be associated through database specific software. n several exemplary

embodiments, data may be mapped. In several exemplary embodiments, mapping is the process

of associating one data entry with another data entry. In an exemplary embodiment, the data

contained in the location of a character file can be mapped to a field in a second table. In several

exemplary embodiments, the physical location of the database is not limiting, and the database

may e distri buted in an exemplary embodiment, the. database may exist remotely from the

server, and run on a separate platform. n an exemplary embodiment, the database may be



accessible across the. Internet. In several exemplary embodiments, than one daiabase may

be implemented.

(00541 n an exemplary embodiment, the computer readable medium 55b includes a plurality

of instructions stored thereon, the instructions being executable by at least the computer

processor 55a to execute and control the above-described operation of the apparatus 0. In an

exemplary embodiment, the computer readable medium 55b includes a plurality of instructions

stored thereon, the instructions being executable by at least the computer processor 55a to

execute the method 250.

f. 055 several exemplary embodiments, the elements and teachings of the va ous

illustrative exemplary embodiments may be combined i whole or in.part i some or all of the

illustrative exemplary embodiments. In addition, one or more of the elements a d teachings of

the various illustrative exemplary embodiments may be omitted, at least i part, and/or

combined, at least in part, with one or more of the other elements and teachings of the various

i l ustrati ve embodiments.

00 6 1 Any spatial references such as, for example, "upper," "lower," "above," ' "below "

"between," "bottom," "vertical," "horizontal," "angular," "upwards," "downwards," "side-to-

side," "left-to-right " "right-to ef "top~to~bottom," bo ) o-t p," "top " "bottom."

"bottom- p," "top-down," etc., are for the purpose of illustration only and do not necessarily

limit the specific orientation or location of the structure described above,

[0057] In several exemplary embodiments, while different steps, processes, and procedures

are described as appearing as distinct acts, one or more of the steps, one or ore of the

processes, and/or one or more of the procedures may also be performed in different orders,

simultaneously and/or sequentially. In several exemplary embodiments, the steps, processes

and/or procedures may be merged nto one or more steps, processes and/or procedures

(0 5 in several exemplary embodiments, one or more of the operational steps in each

embodiment ma omitted. Moreover, in some instances, some features of the present

disclosure may be employed without a corresponding use of the other features. Moreover, one or

ore of the above-described embodiments and/or variations may be combined in whole or in

part with any one or more of the other above-described embodiments and/or variations.



[0059 In another aspect, the disclosure encompasses a thermoformed, npress ed, stent-

balloon assembly that includes a longitudinally extending stent havi g a tirst end and an

opposing second end, the longitudinally extending stent forming an interior passage between the

first end and the second end. a releasable thermoformed stent balloon at least partially disposed

in the interior passage and affixed to the stent, wherein a first portion of the stent balloon is in

contac with the first end of the stent and a second portion of the stent balloon is in contact with

th second end of the stent so as to prevent premature separation of the stent under ambient

temperature and pressure. For clarity, ambient temperature and pressure simply ean th

respective temperature and pressure of the environment in which the stent-balloon assembly s

presently located, e.g.. in a nor al room at sea level, aim and 68 or 2 C without externa!

application of heat or refrigeration. n one embodiment, the stent and the stent balloon are

inhibited from lateral movement relative to each other. In another embodiment, the first and

second portions of the stent balloon contact the entire first and second ends of the stent. The

stent balloon affixed to the stent typically without adhesive or external structure to cause

retention the thermoforming of the balloon material into the apertures of the stent itself and

around the ends of the stent itself typically cause the affixation. Thus, the stent-balloon

assembly is typically adhesive-free.

{0 | The apparatus described herein permits such a thermoformed, unpressurized, stent-

balloon assembly to be provided and to retain the association between the stent and the stent

balloon even after the combination is heated to permit them to re!easabiy join together and

preferably even after the pressure is removed as described herein. Thus, while the stent and

balloon assembly of the thermoformed stent-balloon assembly may shift, they are retained

together because they are temporarily affixed to each other while the stent is in a retracted (i.e.,

not fully deployed, or radially expanded) state. They can be released when desired, such as by a

surgeon after i plantation in a lumen of a patient. Th s can e achieved for examp , by

inflating the stent balloon to expan th stent as full as desired in a radial direction, and then

deflating the balloon. Once the stent is fully deployed in a radially expanded state, the balloon

more readily comes loose or can b detached such as by one or more cords and then removed

along with a catheter or any other components temporarily inserted in a patient for the. urpose of

fully deli veri n the stent t a desired location.



] Although several exemplary embodiments have beers described in detail above, the

embodiments described are exemplary only a d are not l im ing, and those skilled in the art will

readily appreciate that many other modifications, charsge and/or substitutions a e possible in the

exemplary embodiments without materially departing from the novel teachings and advantages

of the present disclosure. Accordingly, all such modifications, changes and/or substitutions are

intended to be included within the scope of this disclosure as defined in the following claims,

0062 \ The foregoing outlines features of several embodiments so that person of ordinary

skill in the art may better understand the aspects of the present disclosure. Such features may be

replaced by any one of numerous equivalent alternatives, only some of which are disclosed

herein. One of ordinary skill in the art should appreciate thai they may readil use the present

disclosure as a basis for designing or modifying other processes and structures for carrying out

the same purposes and/or achieving th advantages of the embodiments introduced herein.

One of ordinary skill in the art should also realize that such equivalent constructions do not

depart from the spirit and scope of the present disclosure, and that they may make various

changes, substitutions and alterations herein without departing from the spirit and scope of the

present disclosure.

00 3] The Abstract at the end of this disclosure is provided to allow the reader to quickly

ascertain the nature of the technical disclosure, it i submitted with the understand ing that it will

not be used to interpret or limit the scope or meaning of the claims.



CLAIMS

What is claimed is:

. A stent assembly old, comprising:

a tube (2 ) having an interior passage sized and dimensioned to recei ve a stent assembly

(70) disposed at least partially about a central portion of a stent balloon (75); and

a housing forming a chamber (30) through which the tube extends;.

wherein the tube comprises a thermally conductive material; and

wherein the tube has a body portion (20a) that extends within the chamber and an end

portion (20b) that is proximate the body portion and tha extends away from the housing,

wher ein an inner diameter of the end portion of the tube is greater than an inner diameter of the

body portion of the tube.

2 . The stent assembl mold of claim . wherein the tube has a wal l thickness of

micrometers to about 2000 micrometers and is at least substantially non-defomiable under a

pressure of up to 300 p i, wherein the tube has a seamless surface .forming t e interior passage,

wherein the tube comprises an inert material, or any combination thereof,

3 The stent assembly mold of claim or 2, wherein the end portion forms a frusfo-eonical

shape, wherein the end portion is sized and shaped to receive and guide th stent assembly and

sten bal o into t e tube, or both.,

4 . The stent assembly mold of claim 1, 2, or 3, wherein the interior passage has a diameter

of about 1 5 mm to abou .35 mm.

5 . A steni-assemb y apparatus (10) which comprises:

a stent-assembly mold comprising a first tube (20) including a heat-conductive material

and having a seamless inner surface forming a passage;

a heating unit (40, 45} disposed in proximity and ffuidically connected to an outer surface

of the moid; and



a temperature sensor (50) dispos in proximity t an outside the m o d.

6. The stent-assenibly apparatus of claim 5, which further comprises:

a housing forming a chamber through which the mold and a second tube extend;

wherein the second tube substantially similar to the mold;

wherei the temperature sensor is disposed within a passage formed withi the second

tube; and

wherein the heating unit forces a fluid into the chamber to heat the moid and the second

tube.

7. The stent-assembly apparatus of clam 6 which further comprises:

a cooling un t disposed in proximity and fluidicaOy connected to an outer surface of the mold;

wherein the cooling unit forces a fluid into the chamber to cool the mold and the second tube.

The stent-assembly apparatus of claim , wherein the passages formed withi the mold

and the second tube are fluidically isolated from the chamber.

9. The stent-assembly .apparatus of any one of claims 5-8, further comprising:

a conduit having an end fluidically coupled to a stent balloon, the end being positionable

between a .first location within the passage of the mold and a second location outside of the

passage of the mold; and

a valve positioned in proximity to the conduit to control the flow of a fluid through the

conduit;

wherein the mold is sized to receive a stent assembly that at least partially surrounds a

portion of the stent balloon, and the end of the conduit.

. The stent-assembly apparatus of claim 9, wherein the mold has a body portion that

extends within the chamber and an end portion th at is proximate the body portion and tha

extends away from the housing, wherein an inner diameter of the end portion of the stent mold is

greater than an inner diameter of the body portion of the moid.



ί . . The stent asse b y apparatus of any one of claims 5- , wherein the first tube has a wal

thickness of about 10 micrometers to about 2000 micrometers- and is at least substantially non-

deformable under a pressure of u p to 300 psi, wherein the first rube is comprised at least

predominantly of metal, or both.

12. A method of increasing retention of an expandabl e sten assembly on a stent balloon (75),

which co rises:

disposing an expandable stent assembly about a central portion of a stent balloon (75) in

a pre-sized expansion zone;

eating the stent balloon (75) to at least a first temperature; and

inflating h e stent balloon (75 to a first pressure to cause it to expand a d correspond to

the pre-sized expansion zone

13. The method of claim which further comprises cooling the stent balloon to a second

temperature while .maintaining the stent balloon at the first pressure in silu in the expansion zone.

4. The method of claim 1.2 or 13, wherein inflating the stent balloon to the fi rs pressure

comprises orcing a fluid through an end of a conduit that is luidi a ly coupled to the stent

balloon.

15. The method of claim 12, 13, or 14, wherein heating the stent balloon to the first

temperature comprises forcing a fluid over an exterior surface of the expansion zone.

The method of claim or 13, which further comprises measuring the temperature in a

temperature monitoring zone that is substantially similar to and outside the pre-sized expansion

zone and that placed in proximity thereto and relative to a heat source to determine the first

temperature and the second temperature in the pre-sized expansion zone.



17. The method of any one of claims - i 6 wherein inflating the stent balloon to the first

pressure comprises forcing. the stent balloon and the stent assembly that at least partially

surrounds the central portion of the stent balloon against the pro-sized .expansion zone.

. The method of claim , wherein the stent assembly has first end and an opposing

second end, wherein inflating the stent balloon to the first pressure further comprises contacting

an exterior surface of the stent balloon with the first end and the opposing second end of the stent

assembly.

. The method of any one of clai s 1 , wherein the pre-sized expansion zone defines a

cylinder.

20. A method of detecting a leak i a stent balloon 75) which comprises:

disposing a stent balloon (75) in a pre-sized expansion zone;

inflating the stent balloon (75) in the pre-sized expansion zone to a pressure that expands

the balloon (7.5);

isolating the pressure in the stent balloon (75) in situ in the expansion zone; and

determining whether the pressure within the stent balloon 75) recedes below a

predetermined threshold pressure over a ti e period.

2 . The method of detecting a leak in a stent balloon of claim 20, whieh further comprises ;

heating the stent balloon to first temperature before inflating the stent balloon; and

cooling the stent balloon to a second temperature after being inflated, while maintaining

the pressure within the stent balloon.

22. The method of detecting a leak in a stent balloon of claim 20 or 21, wherein a stent jacket

and stent at leas partially surround a central portion of the stent balloon: and wherein inflating

the stent balloon comprises forcing the stent jacket against the pre-sized expansion zone.



23. The method of detecting a leak in a stent balloon of claim or 22, wherein the cooling

comprises forced convection.

24. A thermoforrned, unpress rized stent-ba on:assembly comprising:

longitudinally extending stent (70) having a firs! end and an opposing second end. the

longitudinally extending stent (70) forming an interior passage between the first end and the

second end;

a thermoibrmed stent balloon (75) at eas partially disposed in the interior passage a d

affixed to the stent (70 ;

wherein a first portion of the stent balloon ( 75) is in contact with the first end of the sten

and

a second portion of the stent balloon ( 5) is i contact with the second e d of th stent

(70) so as to prevent premature separation of the. stent (70) from the stent balloon -(75) under

a bient temperature and pressure.

25. The s n a loon assembly of claim 24, wherein the stent and the stent balloon are

inhibited fro lateral movement relative to each other, wherein the first and second portions of

the stent balloon contact the.entire first and second ends of the stent or both.
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