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Aballoon or balloon cover comprising a composite material
havigg a least one expanded uoropolymer material and an
clastomer is provided. The expanded Huoropolymer material
cun contuin serpentine [ibrils, n exemplory cunbodiments.
the Muoropolymer is polyvtetrafluorocthylene. The composite
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designed (0 have o stop point e either o radiol or axial
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1
MEDICAL BALLOON DEVICES AND
METHODS

LD

The present disclosure relates generally 1o balloon devices
that are radiully distensibie up w0 o stop peint in addition o
being longindinally disiensible. The present disclosure
relates generally to balloon devices that mclude (1) an
expanded polvictrafluoroctivylene (el I'EEY membrane mate-
rial containing serpentnge iibals and (2} an clustomer,

DEFINTTIONS

As used herein. the term Yserpentine fibrils™ means mul-
tiple fibnls that curve or wm one way then another.

As used herein, the term “controlled retraction” refers (o
causiig articles o shorten m length in at least one dircction
by the application ol heat. by wetting with a solvent. or by
uny other suitable means or combinations thereol 1n such
way as to inhibit {olding. pleating. or wrinkling of the
subscquent article visible o the naked cye

The term “imbibed or imbibing” as vsed herein 15 meant
1o describe any means {or at Jeast partaily filling st least o
portion of the pores of o porous waterial such as el or
the hke

The term “elastic” as vsed herein refers (o the properly of

u material W be elongated upon the application of a force and
that ot least partially returns 0 ity approxXimate onginal
dimncasions upon e release ol the foree due w the retraction
force of the material.

The term “elongation”™ or “clongaied” ax used herein s
meant 10 depote the increase o length o o particnlar
dircetion {e.g.. axial length) or an mercase e perimeter or
cirenmitrence ol purticular cross-section in response W thw
apphicaizon of a {orce. The term “distention” or “distended”
as vsed herein 15 used interchanpeable wilh “clongation™ or
“elongated™.

The wrm “stillness™ us vsed hercin vefers the change
resistance 1o forther elongation or distension.

The term “delivery diameter™ as used herein refers o the
diameter or cross-sectional widih of @ tubular fora that is
substantially cqual 10 or shightly larger than the dismeter or
cross-sectional width ol the wbular lorm during delivery
throngh the vasculature, pre-inflation.

The torm “nominal diameter™ as vsed herein refers o the
diameter or cross-sectonal width ol o bulloon or balloon
cover when the bulloon has been circomierentiaily distended
up o a stop peint beyond wilach the loree required o distend
s markedly increased. Typically. the nominal diameter is the
labeled diameter as indicated on the insiructions for the end
user. ¢.g. o clinician.

BACKGROUNI

Wrapped (ilin bulloons are typicaily made by wrapping o
(il wbe at o lorge second dinmeler (approximate o the
desired nominal diometery and then drawing the filin tabe
down o reduce o 1o a {irst diameter and then compressing
to store length (o allow {or subsequent {ibril reonentation
upon inflation. Wiile this process 1s very involved. all of thwe
subsequent steps are in order o reduce s disueter o a poit
makmg i surtable {or mounting on a catheter.

An alternate method of making a balloon would be (o
wrap o layered membrane construct directly ai a smaller, first
diameter (o diometer approximate w the delivered diameter).
I arder W construct a wrapped iilm balloon at a smaller 17

e

e

20

4L

“h

“h
A

9]

2

diameter. the Glin of which the balloon is constructed would
need o distend 200-700% or more at least along the diree-
ton oricaied aronnd (e cirenmiborence. A film ihat could
distend 300-700% or more wonld facilitaie consimetion ol
a bulivon or balloon cover wrapped directly ot o smaller (17
dinmeter. That is. it conld be ciremuierentially weapped in o
tibe at g sinall iirst diameter so tun the distensibie dirccton
of the film is oriented along the circumlerence of the
balloon. Upon inflation. the circumierence would grow,
distending the {ilm {rom a 1V diameter 0 a 2™ diamelor.

Previeons (lin wrapped bulloon or bulloon covers capable
of being constrocted at o flirst diameter and distensible up 1o
a nominal dismeter (300% 1w 700% or more) were highdy
anisoiropic films where the weak direction was orienied
circumivrentially to allow for distension. Balloons of this
consimction have some hmitations wiich make them less
than optimal.

For example. because the strong direction ol the aniso-
tropic (il provides steength o the bulloon wall m the
longindinal direction. the balloon wall s linmted m s
ability to distend in the longitudinag! direction o acconnt bor
indlation. As the balloon is inflated. the longindinal distance
lroin seal w0 seal ncreases because ol the mtlated profile. As
thwe voderlying bulloons Torms s inflated shape. the cover
needs fo grow inthe longitndinal direction to account for this
path change. This path change is greater for larger diameter
bulloons and lor bulloons with steeper cone angles.

Compounding thas issue sceins 1o lie in the endency lor
a Inghly ansotropic film o foreshorten i the longiadinal
direction to allow {or radial distention. So winle the balloon
wall tends 1o lengihen to account {or the path lengih change.
thwe balicon wall ends (o Joreshontiwn 10 allow lor radial
distension because of the anisotropie Gl The degree ol
loreshorteciing, nereases for wercusing balloon diameters.
This mabihity to distend longitedinally and the tendency to
foreshorten impacts he ability to inflaie fully and causes
unwanted stress o the matenal some ol which is transferred
o the catheter consing buckling and m the cuse of u cover.
0 the underlying balloon causing cone rounding.

Some remwedial measures can be made in allempis 1o
minmmize e wmdesired eflects of these tendencies such as
wwnwally storing length by longiwdmally compressing the
waterial. [ lowever. ths is ai extra processing step. and adds
bulk to the cover. Also. ths exira lengih that can be stored
15 relatively mobile and can migrate/bunch undesirably
during processes such as sheath insertion,

Another hmitation ol the wbove descobed constructs
refute w0 the weak direction being orented circumderentiolly.
Such balloon or balloon covers have a very limited ability to
influence the final bursi properties of the balloon as the
wterial will continee o distend vntil 1t splits with very linlde
loree.

Therelore, a circumivrentially wrapped balloon or balloon
cover, wrapped at o small (17) diameter. that can reduce the
amount of loreshortening. con allow for an appropriate
amount ol longitudinal lengthening during high smounts ol
a radial distention (1o allow for (oil wdlation) can be ben-
elicial. and can provide mcreased wall strength along the
circumivrential direction (o mcrease burst.

SUMMAIRY OF THE DISCT.OSURIE

H s an object of the prosent disclosure o utilize uo-
ropolymer membrane that exlnbit high clongation while
substantiolly retuiiing the strength properties of the uo-
ropolyiner membrane. Such Moeropoelyiner membranes chae-
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ucteristically possess serpentine fibnils. as such the mwem-
branes store length on a {ibnl level

The present disclosure describes balloon devices that
niilize an expanded polymer such as a uoropolymer male-
rial that is optionally iubibed with un clastomer. which upon
inflation. 15 ciremuierentally distensible up 10 4 stop pont
boyond which the foree required to distend is markedly

increased. This stored lengih due o the serpentine shape of

the fibnls can scconnt for at least o portion of the rudial
distention. In addition. the deseribed balloon devices con be
ulso appropriately longitndinally distensible {or longiudi-
nally weak) thereby giving or increasing in longitudinal
length under the longiiudinal siress that may otherwise oceur
during radial expunsion. In various embodiments. constric-
tion of the described bailoon or bailoon devices comprises
circum ferentially wrapping the described clastomer-imbibed
expanded polymenc matenal ot a delivery diameter. Upon
defintion. the balloon or balloon devices will at least par-
tially re-compact W its deflated conlormation. which can be.
in various cinbodinents. approximately the delivery diom-
cler

The present disclosure describes balloon devices that
include either (1) o medical balloon. ¢.g.. g balloon haviag
a proximal seal and shoulder region. o distal seal and
shoulder region. and an interinediate working region there
between or (2) a balloon cover disposed about an nnderlying
balloon. The balloon or balloon cover can melude a com-
pasite material that includes at least one expanded polymer
membrane. such as an expanded fuoropolyviner. aud an
clastomer. The composiie matertal has a stop point beyond
which httle or no {orther expansion occurs without an
increasing amount of force. That is. the composite matenal
cant be radially expanded or clongated w o point at which
further distension is hibited by an increase n stiffoess. The
expanded polymeric membrine ncludes serpentine {ibrils.
The Huoropolymer can be polvicirabinorocthvlene. The tho-
ropolymer membrane can iclude a microstructure of sub-
stantinlly only serpentine Obrils. Parthermore. expuanded
polvineric membrane con include o plurality of serpentine
{ibrils. The serpentine fibrils have a widih of about 1.0
micron or less.

The presemt diselosure describes balloon devices e
include either (1) o medical balloon. ¢.g.. g balloon haviag
a proximal seal and shoulder region. o distal seal and
shonlder repion. and an intermediate working region there
between or (2) a balloon cover disposed about an nnderlying
balloan, wherein the stulThess ol the balleon device wail can
vary along its length and/or circumference. Furthermore. thwe
stiflness can be patterned 0 counter-balance the varying
regions or sections of stifliess along the lengih o a balloon
expandable device. This type of paticrning con {acilitate a
mare umiorin deployment of the balloon expandabic device.
Alhematively. the sulliness cun be patterned otherwise affect
the nature of inflation of a standalone balloon: for example.
varymg he stlihess (o force he distal end andior proximal
ciwd of g balicon w inllate first or the middle section of thwe
balivon o indlate first). This type ol patterning cun be used
1w coutrol blood low dunng deployment or angioplasty. A
balloon that inflated in a controllable manner could arrest
blood How on a proxmmal end and/or distal end and lead o
better delivery ol o drug or could prevent cubaeli from
immediately being released down stream allowmg lor aspa-
ration prior to {ull deployment. [n vanons embodiments. the
stflhess can be varied by mereasing or decreasing the
number of layers along a section or in an arca. The balloon
or balloon cover can melude o composite material it
includes at least one expauded polymer mewbrane. such as

e

e

20

4L

“h
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an expunded fuoropolymer. and an clastomer. The compos-
e maicrial has a stop pomt bevond which hitle or no forther
expansion occurs without an increase in force. That s, the
composite material coan be radially expanded or clongated 10
a point at which lunther distension is inhibited by un merease
in stiffness. The expanded polymeric membrane includes
serpetine fibrils. The expanded polymer can be a luoropo-
Iymer. such as polyetraflucrectiivicne. The polyviner mem-
brane can nclude o microstmctore of substuntally  ondy
serpeniine fibrils. Furthermore, expanded polymeric mem-
brane can mclude a plurality of serpentine {ibrils. The
serpentine fibrils have o width of about 1.0 micron or less.

The present disclosure desenibes bulloon devices that
wclude cither o medical balloon or balloon cover comprising
a shape wherein varying the stop points of the composite
witerial along the length of the bulloon outlines the shape ol
thwe udlated bulicon. in vanous cuibodiments. the shape can
comprise o proximal waist and a proximal tapered region. a
distal seal and distal tapered region. and an intermediate
working region between the two tapered regions. In various
embodinents. the composite matenal con be cienmlbcren-
ually wrapped or wrapped at substantially constant. oppos-
g angles. The composite maternal can include at least one
expanded polyiner membrane. such as an expanded uo-
ropolyiner. and an clastomer. The cowposite waterial has o
stop point beyond which hitle or no {urther expansion oceurs
without an increase in {oree. That s, the composite material
cun be radially expanded or clongated 10 a point gt wiuch
lurthwr distension 1s inhibited by s increase o stllness. The
expanded polymene membrmne inchodes serpentne {ibrls.
The luoropolymer can be polyteiratluorocthylene. The uo-
ropolviner membrane con inclode s microstroctare ol sub-
staitially only serpentine fibnls. Furthermore. expanded
polymeric membrane can meclude a plurality ol serpentine
fibrils. The serpentine fibrils have a widih ol abont 1.0
wicron or less,

Thwe present disclosure descabes o method of manulac-
uring a balloon device that mcludes (1) formmg a ubular
{orm comprising a composite matenal at approxmmaiely a
delivery diamieter and {2) placing the wbular form over o
wedical balloon to serve as a balloon cover, The composite
material can be wrapped circumivrentially or ot a high angle
o construet the tbular form. No steps are needed to reduce
the diamicter ol the wbular form once constracted. The
composite matenal includes it feast one expanded uoropo-
Iymer membrane and an elastomer. In at least one exemplary
embodiment. the expanded (horopolymer mombrane can
mclude o wicrostrcture ol substantially ouly scpenune
fibrils. The Quorepolymer membrane can nclude o plurality
of serpentine fibrils. The serpentine fibrils have o widih of
about 1.0 micron or less.

Cis o Featore of the disclosore gt the reductuon in
dolding of the balicon or bulloon cover allows lor less
material bulk and a smaller diameter (e.2.. a smaller profile).

It is yet another feature of the present disclosure that the
bulloon or ballvon cover can have clustic properties longi-
wdnmally. radiaily. or both longiudinally and radialiy.

The forepoing and other objects, leatures, and advantages
of the disclosure will appear more llly hereinalier from a
consideration of the detnled description that follows, s
be expressly nuderstood. however. that the drawings are for
Hlustrative purposes and are not o be consimed as delinmg
the limits of the disclosure.

BRIEE DESCRIPTION OF T FIGURES

The advantages of this disclosure will be apparent wpon
consideration of the following detailed disclosure of the
disclosure. especially mconjuncuon witl the sccompanying
drawings wherein:
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IiG. 1 s o schematic illustration of an exciaplary. 1deai-
ized serpentine fibrl:

FIGE 2 15 an SEM image of 2 composite material com-
prising serpentine fibrils:

FiG. 3A iy o sehematic liustration of balloon device 1n
accordance with the preseint disclosure 1 a deflated conlor-
mation:

FIGE 313 is o schematic illustration of balloon device in
accordance with the present disclosure in an inflaied con-
formation:

IIG. 4A is o sehematie tostraton ol bolloon and balloon
cover in accordance with the present disclosure in a deflated
conformation:

UFiG. 43 13 u schemane illusteation o bulloon and o
balivon cover m accordance with the present disclosure nan
influted conlormation:

FIGE 4C 15 a schematic llustration of balloon and balloon
cover comprising varied stiffness in accordance with the
preseit disclosure m o deflited conformation:

IiG. 412 15 o schematic llustration of o bulloon and o
balloon cover having varied stifiness in aceordance with the
present disclosure with a stent device mounied on a scction
of the balloon device. in an inllated configuration:

IIGL 4b s o seheiatic Mustraton of o bulloon device 1n
uccordance with the preseint disclosoee with o stent device
mongied on a section of the balloon device, n an infated
conilguration:

IiG. 8A iy o sehiematic liustration of bulloon device 1n
accordance with the preseint disclosure 1 a deflated conlor-
mialicin:

FIGE 8B 15 a schematic illusiration of g balloon device i
accordance with the present disclosure in an inflaied con-
formation:

FIG. A 15 an image of a balloon device m accordance
with the prescit disciosure circumierentially wrapped at
{irst diameter in an inflaied conformation:

FIG. 613 is an image of a balloon device having a balloon
cover constructed ol u highly anisotropic (horopolyiner [ilin
cirenmicrentally wrapped at o first diameter i an indlated
conformation:

FIGL TA s a pressure vs. diameter curve of a described
balloon device:

FIG. 713 s an ilusteative pressure vs. diometer cueve ol o
desenbed balloon device:

FIG. 8A is a schomatic illusiration ol a templaie for o
precursor for a balloon or balloon cover having varied
stlliess along the length m sccordance with the preseit
disclosare:

I°§G. 83 is a schematic illusteution ol wrapped balloon
or balloon cover having varied stiffness along the lengih in
accordance with the prosent disclosure:

DVTATLED DESCRIPTION OF 111
BSCLOGSURD

Unless defined otherwise. all wcehnical and  scientific
werms used berein hove the same meaning s commonly
nuderstood by oue of ordmary skill 10 (e an w which the
disclosure belongs. [n the drawings, the thickness of the
lines, layers. and regions may be exagperaied for clarity.
Like mmubers lound throughout the fignres denote ke
clements,

The present disclosure 15 directed 1o a balloon device
comprisiig an elastomeric balloon or balloon cover which s
radially distensible vp o 2 stop point in addition 1o being
longiudimally distensible. A lugh amonnt ol redial disten-
sibility {abont 150% w0 about 1000%) facilitates construe-
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ton of g bulloon or bulloon cover at a delivery diameter {or
widih) which is smaller than the dumeter of the device al ihe
stop pomi. Constructmg al a smaller diameter requares Joss
material and thereby clhimmates bulk, reducing the delivery
and withdrawal profile of the device. In addition. construct-
g ot g simaller dimmeter con chiminate any manu factanng
steps reauived W reduee the profile throngh folding. necking.
or otherwise working o component construeted at a nommal
diametor.

In regard to lonpitudinal distension. some amount can be
benelicial beconse generally wibnlar fonus tend w0 lore-
shorten as they mercase 1 diamieter. o addition. as the
balloon milates. the scal-to-seal length along the surface ol
the balloon (ie. profile lenpih) is increased. 1F longitudi-
nally distensible. the balloon cover can elongate o accom-
modate for any teasion that occurs upon inllaton. Accord-
ingly. o deseribed bulloon cover can be less wensioned m the
longiadinal direction and thus affording o longer and more
evimdrical shape along the workang region of thwe balloon
device {e.p. less shoulder rounding) and less likely to
ruplure or sphi.

The present disclosure 1s direeted 10 g bulloon device
comprising o composite material tut has {1} an expanded
polytctealluorocthylene (11 material containmg sce-
pentine fibrils or other expanded polymer containing ser-
pentine fibrils and optionally (2) an clasiomer. The elastomer
way be positioned on the eIV membrane and way aise.
or altermtvely. be located in ot least a portion of the pores
of the ePTFE membrane. The clasiomer may be prosent in
all or substantially all of the pores of the ¢PTTE membrane.
The term “substantially all of the pores™ as used horein is
st o denote that the elastomer is present oot least o
portion of all or nearly all ol the pores ol the 1T
membrane. In one or more exemplary cmbodiments. the
balloon comprises a Huoropolymer membrane.

The balloon or balloon cover of the disclosure may be
employed i any body conduit or vessel. including aneries
and veins. Balloons enable the dilation ol vessel. delivery
of a therapeutic agent 1o a surrounding tissue, or the deploy-
ment of o medical device. The balloon cover can be oplon-
ally used 10 cover the outside of the bolloon. c.g.. W assist
with re-compaction.

With reference w FIGE. 3Aand 3130 0 balivon device 100
can comprise a balloon 120 mounted on a catheler 140 and
comprise a deflated conformation and an infated conlorma-
tuon. The balicon wall 122 can comprise the desceribed
compositle matenal. The bulloon wall 122 can comprise
serpentine {ibrils wherein the fibrils can be straightened
along the circumivrence of the balloon wall upon ntlation.
thereby increasing the circumierence of the balloon 120, The
composile material can fornn the entire thickness of the
bulleon wall or only a portion thereol. Alernatively or in
addition thereto, the composite material can form the entire
length ol balloon 120 or only a section thereof. Balloon 120
constructed of thwe deseobed composite material will per-
forin much hke o compliant balloon. However. unhike a
compliznt balivon. bulloon 120 will have an upper expuan-
sion limit or stop point. Thus, the inlemal pressore of
balloon 120 can be higher than comphant-tvpe balloons. and
the matenal bulk can be less than non-compliant ype
bulloons

With reference to FIGS. 44 and 413, a balloon device 100
can comprise o balloon 1204 and a balloon cover 130 and be
attached 0 a catheter 140 at or near o proximal and distal
end. and hove g defluted conlonmaten sud on adlawed
conforination. The balloon cover 130 con compase the
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descnbed composite waterial. The composite matenal can
form the entire thickness of balloon cover 130 or only a
portion thereof.

I various embodiments. the composie naienal can vary
in thickness along its Jengtin as is ellecuvely Mustrated in
FIG. 4C wath secuons 101 w6 104, For example. by increas-
ing the number of wrapped lavers in o given section of the
lengih of balloon device 100, the more force is reguired (o
radially distend. and conversely. by decreasing the nuber
ol wrapped layers ma given seeton ol the length ol balloon
device T00. the less foree 1s required o radially distend.
Such a consiruct can be uselul w achicve more uniform or
even inflation by accounting lor, in the construction of the
balivon or ballvon cover. the stilliess caused by o medical
device mounted about balloon device 100 during deploy-
ment. For example, with relerence 1o FIG 400 a balloon
device 100 compnises a balloon expandable stent 160
located at section 101 Along this section 101 of balloon
device 00 more foree will be required (o distend
section 101 versus the secuons 102 not covered by stent 160,
By increasing the nomber of lavers section(sy 102 not
covered by stent 160, the forces can be counter-balanced.
resulting in o device that inllates i o more vwform or
desired manuer. Siwilarly. wath relerence to FIG. 410,10 stent
160 or other device (e, o prosthwete heart valve) ot 1s
loaded on balloon device 100 varies in stifiness along the
lengih of the device. For example, section 101 has more
stuilness than section 102, the number ol lavers on e
corresponding section of the balloon T0G can be tnlored 1n
order counterbalance those difierences in stifiness.

In various embodiments. ihe underlying balloon 120 can
comprise ayy type ol medical balloon. Balloon 120 can be
construeted ol o compliant 10 pon-compliont matenal. 3al-
loon 120 can be o balleon made n accordance with the
present disclosure. Balloons may be fabricated {rom a vari-
cly of commonly known malerials such as Amorphous
Commodity Thermoplastics that melude Polymeihy] Meth-
ucryiate (PMMA or Acrylic) Polystveene (P8). Acrylonitnle
Butadiene Styrene (ADBS). Polyvinyl Chicride (V) Modi-
{ied Polyethylene Terephibalate Glycol (P1TG). Cellulose
Acctate Buivraie (CAB)Y Sem-Crystalline  Commodity
Plastics that include Polyethylene (1219). Tigh Density Poly-
clhwlene (1{DP1). Tow Density Polyetiyiene (1131 or
LIPS Polypropylene (2P). Polvinethylpentene (PMP)
Amorphous Engineering Thermoplastics that wnclude Poly-
carbonate (1PC). Polyphenyvlene Oxade (PPO). Modified
Polyphenyiene Oxide (Mod PPOYL Polyphenclyne Fiher
(PP Modified Polyphienciyvae ither (Mod PP, Thermo-
plastic Polyorethane (IPUY Semn-Crystalline Fogincermg
Thermoplastics that include Polvamide (PA or Nylon), Poly-
oxymethylene (POM or Acctal). Polyethylene Terephthalate
{PE L Thermoplastic Polyester ). Polybutylene Terephthalate
(PIFL. Thermoplastic Pelyester). Ulwea thigh Moleenlar
Woemht  Polyethylene (UHNMW-PLY High Performance
Thermoplastics that mclude Polyimmde (PL Imidized Plas-
ticy. Polyamide huide (AL Imidived Plastic). Polybensimi-
duzole (PRI lmidived Plastic): Amorphous 1igh Perlor-
mance Thermoplastics  that include Polysulfone (PSUL
Polvetherinnde (PED. Polyether Sullone (PES). Polyaryl
Sulfone (PAS)E Semi-Crysialline High Perlormance Ther-
moplastics  that uclude  Polyvpheavlene  Sullide {1PPS).
Polvetheretherketone (PHEK Y and Semi-Crvstalline 1ligh
Performance Thermoplastics. Fluoropolymers that inclhode
IFluormaied Fihylene Propylene (1F1:P). Libvlene Chlorotn-
{luoroethylene (FCTIE) Bthylene, Fihylene Tetrativoroeth-
viene {1 {T11). Polvehiortrilluorocthyicne (PCTTE). Polyiet-
rafluoroethvlene (1T19). Polyvinylidene Fluonde (PVDIEL
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Perilvoroalkoxy (PFAY or combinations. copolymers. or
derivatives thereof. Other commonly known medical grade
materials  include  elastomenc  organosilicon  polymers.
polyether block amde or thermoplastic copolyether (c.g..
PlEBAXR).

As previously described. o balivon cover that compnses
stored Jength in the {ibrils which are oriented cirenmferen-
tally can accommodate for the longitudinal tension that
resull from the nereased dimensions of anallated balloon.
By comparison. o balloon cover material tun does not allow
lor sullicient clongation npoen expausion can result in more
pronomneed shoulder-ronnding and/or mpiure. For examiple.
as shown in FIG. 64 a balloon cover constructed wiih the
weak direction oricited along the circumlerence (und s lugh
strength onented along the length) and covering o nylon
balloon as set forth in Example 3 exhibits shoulder-rounding
and a shortened working length. whereas, as shown in IG.
613. the balloon cover made m accordance with the present
disclosure as set forth in xample 2 and overlaying the saine
type of nvlon balloon resulted i more pronounced shoulders
and thus a Jonger working lenpth.

Balloon devices of the present disclosure can be continn-
onsly wrapped e o desired shape by varying the stop
points of the composite material giong the length of the
bulloon. fn vaoous embodiments. varving the stop points
can be achioved by varying ihe amouni of tension with
which the composite matenal is wrapped io orm the balloon
ar balloon cover. For example. with relereace o PG, 5A
and 513, a balloon device 100 can comprise o balloon 120 or
balloon cover 130 attached 0 a catheier 140 at or near a
proximal and distal end. and have a deflated conformation
and an illated conformation. The shape of the dellated
conlormation cun comprise o wbular form. Flowever. in
varions embodimeits. the shape ol the inflated conforuaton
can comprise a proximal wast 128 and a proximal tapered
region 126, a disial wast 129 and distal tapered region 128,
and an inlcrmediaie workmg region 127 between the two
tapered regions 126.128. The balloon 120 or a balloon cover
130 can compnse the described composite material. The
compasite material can fonm the entire thickness of balloon
120 or a balloon cover 130 or only a portion tereol.

I erder W provide o shape W o balloon. the cowposite
witerial can be helically wrapped with varying degrees ol
tension 1o vary the stop point along the length ol the balloon
and thus yield a desired mbated shape. [n addition. the
compostic material can be hehieally wrapped in a ubular
forimn gt o diameter less tan the nominal diometer. e,
approxinately the delivery dinmeter or any diameter ap w
the nominal diameter. The wrap angle of the composite
material can be any desired angle depending on the amount
of radial distension of the material. In varions cmbodiments,
thwe composite material can be wrapped at substantaily
constanl. opposing angles,

In vanous embodiments. the composie malerial con be
used o constrct balloons and balloon covers. as well as
combinations thereol with cireomierentinl-. helical-. or
axial-onentations. As used herenn. the term “axaal™ 18 miee-
chungeable with the werm “longiedinal.”™ As used heremn.
“circnmierential™ means an angle that 15 substantally per-
pendicular 0 the longiudmal axis. When the composite
witerial 1s applicd helically versus circumlerentially or
axially. the degree of clastionty in o given direction can be
varred. FFor example. i more radial distension 1s needed than
what the stored length in the fibrils can accommodate. a
helwal wrap can be cployed.

The composite matenal of the present disclosure 1s unigue
i that it exbnbits o sharp mercase mstilliess @t g predetee-
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mined divmeter. after the muterial has been clongated at least
about 150%. When {ormed mio a balloon. ths property
creates o “stop-ponit” bevond which increased balloon pres-
sure does not further increase the dinmeter ol the balloon
device. aving o kuown stop point can help ensure that the
bulloon does ot over-expund. which can couse. for
example. over dilatation and damage o vessel. In addinon.
the stop point can lacilitate higher working pressures of the
balivon. Similarly. o bulloon or bulloon cover con be
designed o distend w1 o relutively low pressare until
predetermined divmeter is achicved. Upon reaching e
diameter. higher pressures are required io foriher expand the
balloon device. In other words, the slope of the diameier
versiy pressure curve poticeably decreases once the pre-
determined divmeter is reached.

Pressure-diameter corves relating o balloons of the pros-
ent disclosure exhibit an inflection point due (o the change
in slope (which is directly related o the stifluess) upon
reaching g dinmeter relerred o hierein as the stop pont, FiG.
TA s o pressure v, diameter curve of an article sccording o
the present disclosure, in this case a balloon, in which the
intersection of (wo tangent lines depicts e stop point of the
article. An estimate of the stop poit may be determined 10
the ollowing manner. The slope of the pressure-dismeter
curve prior 1o reaching the stop polit can be approxiated
by drawing a straight line tangent o the curve. shown as line
30 in FIG) 7A. The slope of the pressure-diameter curve
beyond the stop point can be approximated by drawing a
straight Line wugent w the curve. shown as bae 40w FIG.
7A. The dismeter corresponding o the interseetion of the
two tangent lines. depicied by reference nomeral 50, 15 an
estimation ol the stop point for the article.

Ol course. as depicted m FIG. 71 the stop point is not an
absolute stop. ‘The slope ol hine 40 can vary by varying lhw
strength of the Huoropolymer membrane in ihe lransverse
direction versus in the machine direction. but still mamtamn-
ing a relatively high amonat of sirength for cach. or in other
words. monntaning a degree of bulance. e strength of the
membrane is ercased 1 the direction that s oriented
circnmferentially, the slope of line 40 decreases. e.p.. the
slope of 40 is less than 40A. permitiing less radial expan-
s10n per pressure il (o contrast. i the strength ol thwe
membrane is decrcased m the direction that 1s oriented
cirenmicrentally. the slope of line 40 nereases. permntting
more radial expansion per pressure umid. o vanous embodi-
ments. membranes that are stronger i the circumferential
dircetion (1.¢.. yielding s lower slope) can be weaker i the
longiudinal direction. Such embodiments can Facilitte o
more bendable or conlormable balloon that can be kink-free
when inflated in 2 curved configuration.

Balloon devices described herein can have the ability of
the balloon W be expunded 10 s1tn o dilute an occluded or
partially occluded vessel and then contract approximately o
the pre-indlaied conlormation.

In accordance with the present disclosure, a balloon or
bulloon cover can comprise o Nuoropalvimer membrane thit
exhibits high clongation while sabstantially retuining e
strength properties ol the fivoropolyiner membrane in both
the machine and transverse directions.

In accordance with the present disclosure, a balloon or
bulloon cover can comprise o Nuoropalvimer membrane thit
has relutively balanced strengths in (he wachine and traverse
direction while exhibiting high clongation in al least one
direction.

Such membranes characteristically possess scrpentme
fibyrils. such as the wealived serpentine (ibril exemplified in
G, T As depicted generally in FIG. 1o serpenune fibal
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curves or Wirns gencrally one way in the direction of arrow
10 then generally another way m the direction ol arrow 20
li is to be understood that the amplitude. frequency, and
pertodicity of the serpentine-like fibrils as exemplified in
FiG 1 may vary, In one cinbodiment. the fuoropolviner
wwinbranes are expanded fworopolyviner mewbranes. Non-
Imiting examples of expandable Hooropolymers inclode,
but are not limited to, expanded PTEL, expanded modified
PITE. and expanded copolymers ol PITE. Pates have
tecu (iled on expandable blends of LV expandable modi-
fied PV and expanded copolymiers of PLTL. such as. for
example, LS. Pat. No. 5.708.044 1o Branca: UU.S. Pat. No.
6,541 589 10 Bailhe: US. Pai. No. 7531611 0 Sabol i al.
LS. putent application Scr. No, T1/ID6RTT w lord: and
LLS. patent application Ser. No. 12/410.050 1©0 X ot al.

The high clongation is caabled by forming relatively
straight fibrils into serpentine fibrils that substantially
straighten wpon the application ol a force in a direction
apposite o the compressed direction. The creation of the
serpentine fibrils can be wchieved through o thermally-
induced controlled retraction of the expanded polyteteatluo-
rocthylene (eII'FL). through wetiing the article wiih a
solvent. such as. but not limited . 1sopropyl aicohol or
Floorinent® {a perileonnated solvent comumercially avail-
able (rom 3M. Inc.. 5t Paul. Minc ) or by o combmation of
these two technigues. The retraction of the article does not
rosuli in visible pleating. olding. or wrinkling of the ePTI,
unbike what ocours during mechanical compression. The
retraction alsoe con be applicd o very thin membrones. unlike
known methods. Duoring the retraction process. ihe {ibrils not
only become serpentine in shape but also may also mercase
m widih.

Thwe precursor materials can be biaxiolly expanded el 114
wwinbranes. 0 one embodiuent. materials such us those
made in aecordance with the general teachings of US. Pat.
No. 7.306.729 0 Bacmo. el al. are suvitable precursor mem-
branes. especially o small pore size articles are desired.
These membranes may possess o microstroclure of substan-
tally only fibnls. The precursor membrane may or may uol
be amorphonsly locked. Addivonally. the precursor mem-
brane can be at least padially filled. coated. or otherwise
combined with additional matenals,

The precursor membrane may be restrained 1 one or
wore directions during the retraction process in order 1o
prescribe the desired amount of clongation of the final
article. The amount ol clongation is diweetly related (o, and
15 detenuined by, the swwouit of retraction.

I one cwbodiment. retraction can be achieved in a
uniaxial tenier frame by positioning the mils af a distance
less than the widih of the precursor membrane prior to the
application of heat or solvent or bolh. When using a biaxial
tenter frame. one or both of the sets ol grips. pins. or other
siitable attaclunent means con siuilarly be positioned at o
distance loss than the dimensions of the precursor mem-
brage. It 15 0 be appreciated that these retraction means
differ from the mechanical compression tught by the 1ouse
and Sowinska patents noted above. Upon reteaction. the
expunded Nuoropolymer wweibrane possesses  serpentine
fibrils. These retracted membranes characteristically possess
serpeniine {ibrils and are subsiantially wrinkle free. In some
excinplary embodiments. (e reteacted membranes may pos-
sess o microstructure ol substantally only serpentine fibrils.
In at least one embodiment. the luoropolymer membranes
include a plorality of serpentine fibrils. As wsed herein, the
phrase “plurality of serpentine fibrils”™ is meant (o denote the
presence of 2 or more. 5 or more. 10 or more. or 15 or more
serpentine fibrils in the fweropolyviner membrane witlun o
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ficld ol view as wught below. Thwe serpentine librils hove o
width of about 1O micron or less, and in some embodiments.
abont 0.5 microns or less. In one cmbodmment. the serpentine
{ibrils have a widih from about 0.1 0 aboui 1.0 microns. or
from about 0.1 10 ubout 0.5 microns.

The precursor meimbranes  deseribed  above can be
imbibed with an clastomeric material prior, during. or sub-
soquent o retraction to form a composite material. [n the
absence ol such  clastomeric  materials.  Quoropolymer
articles having serpentine fibrils do not exhibit appreciable
recovery aller clongation. Suitable clustomeric materials
inclhude. bui are not himiied o, PMVESTEDL (perioorometh-
viviny! cthertetralivorocthylene) copolvmers, PAVE-TEL
{perllucre (alkyl viny]l cthwretrafluoroctiviene} copoly-
mers. silicoues. polvorethanes. and the like. (s o be noted
that PMVE-TER IF are (horoelasiomers.

In various embodmenis. the described balloon or balloon

covers can be used as a drug delivery balloon. 13y way of

example. the bailoon i accordance with the presceat disclo-
sure cun be couted with g therapeutic agent. (n further
cmbodiments. a retractable sheath (not shown) can be
located about the balloon or balloon covers 0 proveni or
minimize release of sad therapeutic agent vl te balloon
or bulloon covers 1s the desired reatment sie.

A Mberapeutic agent.” as used herein. is an agent that can
a broactive response or be detectable by an analyiical device.
Such agents include, but are not lmited {0, radiwopaque
componids. cillostazol. everolinus, dicumaroel. xotroliuns.
carvedilol. anti-thrombotic agents such as heparin. hepunn
derivatives, wokinase, and  dextrophenylalanme  proline
arginine chloromethylketone: apti-inllammatory agents such
as dexamoethasone,  predaisolone.  corticosterone,  budes-
ouide. estrogen. sullasaluvine and mesalamine. sirolimus
ud everolimms {and related analogs). anti-neoplastic/unti-
prolifemtivesant-mioie  agenis such as magjor  taxane
doman-binding drogs. such as pachitaxel and analogoes
thereol. epothilone. discodermolide. docetaxel. paclitaxel
protein-bonnd particles such as ABRAXANL & (ABRAX-
ANI s 0 registered wudemark oF ARIRAXIS BIOSCIENCTL
1LY paclitaxel comploxed with an appropriate cyclodoex-
inn (or cvclodexinn like molecule). rapamyem and ana-
logues thercol, rapamyem {or rapamyein analogs) com-
plexed with an uppropriate eyclodextrin (or evelodextrin like
madeenle). 17p-estradiol. 17[-estrudiol complexed with an
appropriate cyclodextrin, dicomarol, dicumarol complexed
with an appropriate cyclodexinn. f3-lapachone and ana-
logues thereoll S-fluoronracil. cisplatin, vinblostine. vinens-
tine.  cpothilones.  endostatin.  sugiostalin,  angiopeplin,
monoclonal antibodies capable of blocking smooih muscle
cell proliferation, and thymidine kinase inhibitors: ancs-
thetic agenis such as lidocane. bupivacaine and ropivacaine:
unti-congulints such  as 1-Phe-Pro-Arg chlorometiyl
ketoue. an RGD peptide-contnning compound. AZX 100 o
cell peptide that mimics 1SP20 (Capstone Therapentics
Corp.. USA). heparin, hmedin, antithrombin compounds.
platelet receplor amagomsts. suti-thrombin antibodies. anti-
platelet receplor antibodies. aspion. prostuglandin mhibi-
tors. platelet inhibitors and tick anuplatelet peptides: vascu-
lar cell prowth promoters such as growih  laclors,
transcripional activators. and translational promotors: vas-
cular cell growth mhibitors such as growil Luctor inlubitors.
growth luclor receplor autagonists. transcoptional repres-
sors, translational repressors. replication inhibiors. mhbibi-
fory anttbodies, antibodics directed agamst growih {actors,
hilnctional molecules comssting ol o growth factor and a
eytotoxin. bilunctional molecules consisting of an anubody
and o evtotoxii: protein kinase and tyrosine kinase inhibitors
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{e.g.. tyrphosting., genistein. qmnexalines ) prostacyelin sua-
logs: cholesierol-lowering apents: angiopoeins: anlimicro-
bial agenis such as triclosan. cephalosporms, aminoglyco-
sides and miroloraniony: cylotoxic agents, cytosialic agenis
and cell proliferaton allectors: vasodiloting agents: agents
that imeriere with endogenons vasoactive  miechanisins:
mhibitors of leukocyie recruiimend. such as monoclonal
antibodics: cviokines: hormones or a combination thereol.
[ one ecmbodiment. sid therapeniic agent 15 a hydrophalic
agent. fn another embodiment. said therapentic agent 1 o
hydrophobic agent. in unother cinbodinent. suid therapeutic
apent is paclitaxel.

In accordance with the present disclosure. as previously
duescribed. the described bulloon cover or balloon. because
of its elastic propertics. can be constreeted at o delivery
dinmeter or at any other diometer less o the nominal
diameter. The ability of the cover of ihe balloon or balloon
cover 1o be construcied at a smaller diameter means case of
i factanng as well as less matenal used w0 construet the
bulloon or the balloon cover leading w0 less bulk or 1. 4
lower delivery andfor retraction profile.

Most balloons are formed at a larger second or pominal
diameier and pleated/folded down o o delivery profile.
Pleating snd folding o drug coated balloon can cunse the
couling W come oll or partenlate andéor can require o lugh
level of adhesion of the coating 10 the balloon o mitigate
particnlaiion. The descrnibed balloon devices can be created
at a sinaller divineter aid require fess or no pleating i the
delivery conformation. No or reduced lolding can allow for
g more even coating W0 be applicd andfor allow Jor less
disruption to the coating upon inflation. Purlhermore, ihe
compostic matertal will be strmned 200-300% during inla-
ton wiuch cun uid in drug transtler W the vessel.

liaving generally described tus disclosure. o lurther
understanding can be obtained by reference o cenan spe-
cific examples illustrated below which are provided for
purposes of Mustration only and are not intended 1o be all
clusive or Inniting unless otherwise specilied.

Testing Methods

It should be understood that althougl certoimn methods and
cquipment are descobed below. any method or eguipment
determined soiable by one of ordmary skl in the an way
be aliernatively niilized.

Mass, Thickness. and 1 ensity

Membrane sumples con be die cut w Jorm reclangulor
sections sbout 2.54 cim by about 15.24 em W wweasnre the
weght (using o Meller-Toledo analytcal balance model
AG204) and thickness (using o Kafer '21000/30 snap
gange). Using these data, density can be caleulated with e
following  ommula: p wiw**0 o winch: p density
(gfan®) momass (2w width (em). 1 length (em). and
i thickness (cm). The average of three measurements will be
reporied.

Mutnx leusile Swength (M5} of Membranes

Teusile breuk load cun be measured vsing an INSTIRON
122 ensile st machine equipped with at-faced grips and
4 (2445 kN load cell. The gauge lengih can be aboui 308 cm
and the cross-head speed can be about 308 cm/min. The
sumple dimensions can be about 2.54 cm by about 15.24 ¢
For highest strength measuremoents. the loager dimension ol
ke sample can be onented m the ighest strength direction.
For the orthogonal MTS measurements. the larger dimen-
sion of the sample can be oriented perpendicular 1o e
highest stwrength dircction. Fach sumple con be weighed
using u Mettler Toledo Scale Model AG204. then the thick-
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ness can be measured usig the Kaoler 21000630 snap
gauge: alternatively, any sodlable means  for measuring
thickness may be used. The samples can then be tesied

individoally on the tensile tester. Three diflerent sections of

cach smuple cun be measured. The average of the three
maximim leads (1o peak Jorce) measurements can be
reported. The longitudinal and fransverse matnx ensile
strengths (MT5) can be calenlated uwsing the ollowing
cquation: MTS (maximom  load/cross-section arca)*(bulk
density of PITEY{(density of the porous membrane). where
unexample of tie bulk density of the PTTI can be abont 2.2
giom™.

Pressore vs. | hameter Test

A pressure versus diameter curve can be created by
radially expanding o balloon and o described bulloon cover
using an wdlation syringe W pressurize a balloon catheter.
The diameter of the construct can be measured at desired
intervals. ep. 1 ATM 1o 1 ATM miervals, vsing a laser
micrometer.,

LXAMPLLS
Vxample 1

An clastomeric composite material was made i e
following manner.

Precursor Membrane

A biaxially expanded e 1Y membrane that had not been
mnorphously locked and had the following properties was
obtamed: thickness was approximately G001 mm. densiy
was approximaiely (964 pfce. matrix tensile strengih i the
strongest dircction was approximately 451 MPa. mainx
tenside steength i the direction orthogonal w e strongest
dircetion was approxnnately 320 Mo, clongution at maxi-
mum koad n the strongest direction was approximately 92%.
and clongation al maxmmum load i the direciton orthogonal
o the strongest dircction was approximaiely 142%. Upon
tensioning by hond. the membrane did not noticeably retract
upon the release ol the wnsioi.

Retracied Membrane

A roll of precursor membrane where the length direction
corresponded with the weakest direction ol the membrone
was restrained 1 the clonps of o heated, vanaxaal wnter
frame and led inte the heated chamber of the tenter frame.

The oven temperature was set o about 3007 ¢ The rails of

the tenter frame within the heated chamber were angled
inward in arder 10 allow membraone sieinkoge w0 aboul 20%
ol 1ty original width in response w0 the heat. The line speed
was set o provide a dwell tme of about 2.1 minutes within
the heated chamber.

The initial and final widihs of the membrane were 1537
min and 305 min. respeetuvely. The retracted meibrane had
the following properties:  thickness  wuas  approximately
GO0I8 mm. density was approximately 2.3 pice. mainx
tensile strenpth in the strongest direction of the precursor
membrane was approxnnately 454 MPa. wunnx wensile
strength o the dirceton arthogonal w the strongest direction
ol the precursor membrane was approxamately 61 Ml
clongation ai maximum load m strongest dircciion of the
precursor membrane was approximaicly 142%. and clonga-
tion ot maximum losd e the diccetion orthogonal ©w the
strongest direction ol the precursor membrane was approxi-
nuaicly Y93%.

Llastomenc Composiie Materal

A polyurethane clasiomer (Tecothane R TT-1074A) was
dissolved in tetrubydroforan 1o o concentration of about
6.5% wi. The solution was couted using a siot die coating,

e
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process operating at u e speed ol spproxamately 1.8 m/inin
and a solution coaling rate of approximately 96 g/min was
uiilized W imbibe this solution ino an eP T membrane
that was fod from a roll. The percent weight of the clastomer
witlun (e composite waterial was about 75%.

The clustomenic cowposite material had the following
properties: thickuess was approximately 0014 min {calen-
lated) and widih was approximaicly 229 mm. In order 1o
better visvalize the serpentine fibrils, a length of e same
clustomeric composite material was stretched by hand 10
about 78% ol the origmal length. As stretched. the fibrils
were seen 1o have a serpentine shape as indicated m IFI1GL 2,
an SEM image of the surface of the membrane opposing the
mbbed clastomer (el the ¢PTFDL rich side). taken at
5.000x magilication.

The tensile strength ol tis elastomenc composite was
aboui 104 M.

lixample 2

A balloon cover was constructed m the {ollowing manner.
Anel"TFh-Hooropolymer clastomenc composie maierial as
described in detnl above was obtamed. A mandrel sized (o
delivery diameter. approximately 4.3 mum is obtained. [t was
uoted that the length direction ol the composite matenal was
ihe direction that possessed e elastomenc propertics.

The composiie material was ent o 100 mm widih. mea-
suring i thwe machine direction. The composite matenal was
et o 250 mm length. measuring in tie transverse direction.
The 230 wm length was then cut into two. 125 min lengths.
measnnng 1 he wansverse direction.

The composite material was aligned so that the 423 mm
wndrel was paralic]l with the machine dicecuon ol the
wterial. The (ilm was then cieccnmierentiaily wrapped about
thwe mandrel with the side of the membrane opposing the
wbibed clastomer ortenied toward the mandrel. The second
123 mm lengih was then cireumicrenially wrapped abont
thwe mandrel with the side of the membrane opposing the
imbibed elastomer oriented away (rom the madrel. No or
mimmal tenswon was applied (o the composile material
durmg wrappmg.

Three layers of sacrificial ¢P1F film were wrapped
around the composite material and the muondrel was placed
i the oven lor 3 mimutes ot 235 degrees Celsins, Ouce
removed from the oven, the sacrificial wrap was romoved
and discarded. The (whular form of compositc matenal is
then triumed W 85 wum 10 wibular length,

Thwe balloon cover was slid over o pleated sud folded 23
wm diameter uvlen balloon supphied by Venoon Medical
aned secured 1o the catheter at the proximal and distal ends off
ihe balloon.

lixample 3

A balloon cover was constructed m the {ollowing manner.
An elP1Tii-ooropolymer elastomenc composite material
way oblained. This composite utilized an expanded el 111
weibrane  made generally in accordance with U8, Pal.
No. 5476589 10 Bacino which s hereby incorporated by
reference i s ontirety  had the llowing properiies:
thuckness was approxinately 6.3 win. mass per arca was
approximately 3 gfm™. matnx weasile strength in the stron-
gost direction was approximaiely 917 mPa, matrix tensile
strength i the dircction orthogonal (o the strongesi dircction
was approximately 17.2 mPa. The membrane was coated
simlarly (o the composite of ixample 1. A mandrel sired 0
delivery diameter. approximately 4.3 mum is oblained.
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The composite matenal was cut w XD mim width. mea-
suring m the machine dircction. [t 15 noted that ths widih
direction s the strongest direction. The composite maieral
wys cut 0 230 mm length, measormg m the ransverse
direction. The 250 mum Jength was then cut nte two. 125 min
lengths. measuring in the transverse dirceton,

The composiie material was aligned so that e 4.3 mm
mandrel was parallel with the machine direction of the
materal. The Gl was then circunmlerentiolly weapped about
the mandrel with the side of the membrane opposing thwe
imbibed elastomer oricnted wward the mandrel. The second
125 mm length was then circumivrentially wrapped about
the mandrel with the side of the membrane opposing the
imbibed clustomer oriented away from the mandrel. No or
mipiial tension was applied w0 the composite material
during wrapping.

Three lavers of sacrificial o111 (ilm were wrapped
aronnd the composite material and the mandrel was placed
in the oven for 3 minutes a0 235 degrees Celsos, Once
removed lrom the oven. the sucaliciol wrap was removed
and discarded. The tubular form of composite material is
then rimmed 10 85 mm in wbular lenpth.

The balloon cover was slid over a pleated and Tolded 23
min diameter nyvlon bolloon supplied by Veontion Medical
und seenred (o the catheter at the proxnnal und distal cids of
the bhalloon.

Vxumple 4

Aballoon cover was constrocted in the ollowing manner.
An ePTFE-Huoropolymer elastomeric composiie matenal as
desenbed 1 detail above was obloined. A mandrel sized wo
delivery diameter. approxnnately 4.3 mim was oblained. It
was noted that thwe length direction ol the compaosite material
was the direction that possessed the elastomernic properties.

The composite matenal was oot 0 130 mm width, mca-
sured in the machine direction. Using the templute showa i
IFIG. BAL base ol wimplate was aligned with wachine direc-
tion and cut {ilm fo specilied geometry. (Olher lemplaic
shapes can be used to vary the number of layers along the
lengih ol the (wbular form. The wemplate shape can comprise
at Jeust @ first portion having o Orst length and o second
portion having o second length. Said emplates con have
staggered edge(s) or corved edge(s) resuling i a distinet o
a more gradual variation m the number of layers along the
lenpth of the mbular form )

The composite material was aligoned so et the 4.3 min
mandrel was parallel with the longitudinal direction of the
material. The (lm was then circum {erentially wrapped about
the mandrel wath the ¢TFL rch side toward the mandrel.
No or minnual tension was applied o the composite material
during wrupping.

Three lavers ol sacrificial el*IT] filin were wrapped
aronnd the composite material and the mandrel was placed
in the oven set 0 235 degrees Celsius for 3 minutes. Once
removed lrom the oven. the sucaliciol wrap was removed
und discurded. The wibiar lorm of composite material was
then trimmed 0 85 mm. as shown m FIG. 813

The balloon cover was shd over a pleated and folded 23
mm dumeter nylon balloon supplicd by Vention Medical
und seenred (o the catheter at the proxnnal und distal cids of
the balloon.

What 15 claimed 1s:

1. A medieal balloon cover having a lonpgiudmal axis
COmMprismg:

u balloon cover comprising at least one expunded oo-

ropolyiner material.
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wherein said exponded fluoropolyiner malterial compases
a plorality of serpentine {ibrils,

wherein the balloon cover s wrapped al o delivery
diameter, the balloon cover bemng substantially wrinkle
free at the delivery diometer. and

wherein the bailoon cover has o nowdnad diometer that is

at least 3 imoes greater than the dehvery diameter of'ihe
balloon cover vpon expansion by a balloon.

2. The medical bulloon cover ol claim 1. whercin the
expanded Nuoropolymer matenal comprises polytetrafluo-
roctivlence.

3. The medical balloon cover of ¢laim 1. wherein the
expanded luoropolymer maierial comprises o microstrue-
ture of substuntially only lbrils.

4. The medical balloon cover of cluim 1. wherein said
balloon cover is more resistont fo expanding o a second
expanded diameter {from ihe nommal drumeter vpon {orther
expansion of the balloon than {rom the delivery dismeter (o
the nominal diameter. and wherein the second expanded
divmeter is greater than the nominal diameter,

5. The medical balloon cover of clam 1. wherein said
expanded Huoropolymer matenal is axaally wrapped.

6. The medical balloon cover of cluim 1. wherein said
expunded fTworopolviner material is helically wrapped.

7. The medical balloon cover of cluim 1. wherein said
expanded Huoropolymer maierial is wrapped n at least two
of the ollowing orientations: helically, axially, and circum-
lerentialiy.

8. The medical balloon cover of claim 1. wherein cach
said serpentine {ibril has a widih o about 1O micron or less.

9. The medical balloon cover of clmm 8. wherem cach
said serpentine {ibril has a widih of .5 micron or less.

10 The medical balloon cover of clunn 1. wherein said
expanded Quoropolymer material 15 imbibed with an clas-
omer.

11. The medical balloon cover of claim 10, wherein the
balloon cover further comprises an clastomer that 1s selected
lrow the gronp consistng ol periluoromethyivinyl ether-
etraflnerocthylene copolyiers. periluoro{ulky] viny] cther)-
wiralnorocthylene copolymers, silicones. polyureihanes. or
other hgh stram clastomoers.

12, The medicai bulloon cover ol cluim 1. wheren clastic
properties are presemt 1o dicection paraliel to the longio-
dinal axis of the medical ballooi.

13. The medical balloon cover of claim 11, wherem elastic
propertios are preseat in a radial direction of the medical
bulloon.

14. The medical balloon cover of ¢laim 11, wherein said
elastomer is present in pores of said expanded Nuoropolymer
maierial.

15. The medical balloon cover of claim 11, wherein said
al least one expunded Mooropolviner material comprises o
plucality ol pores and smd clustomer is present e substan-
tally all of smd pores.

16. The medical balkwn cover of claim 1. wherein said
expunded  uoropolymer matenal  1s creumicrentially
wrapped 1o Jorm o wbular Form,

I7. The medical balloon cover ol claim 16, wherem said
expaded loropolymer maierial comprises a plurality of
lavers, wherein a {iest section of the whular form has a
lhigher nuimber of layers than @ second section of the wbular
livr.

18. The medical balloon cover of ¢laim 17, wherein said
exparded Huoropolymer material is continnously wiapped
mio a wholar form.

9. A medical bulloon cover having o longitudinal axis
COMPrising
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u balloon cover comprising at least one expunded oo-

ropolymer material,
wherein smd expanded Huoropolymer material comprises
a plurality of serpentine fibrils.

wherein smd balloon cover is circum ferentiaily wrapped
at a delivery diameter in which the serpentine fibrils are
arranged i a crrcumivrential direction,

wherein smd balloon cover can be radiolly expanded up o

a nominal diveter bevoud which lurther expansion 1s
winbited by expansion of a balloon. and

wherem smd nominal diameter 15 af least 3 times preaier

than the delivery dimueter:

wherein the bailoon cover is circumierentiaily wrapped wt

the dehvery diameter such that the balloon cover s
substantially wrinkle {ree at the dehvery diameter.

20. The medical balloon cover of elaim 19, wherein sud
ol diseter 1s gt least 4 times greater than the delivery
diameter.

21. The medical balloon cover of claim 19, wherein said
ol diseter 15 gt least 6 limes greater than the delivery
diameter.

22. The medical balloon cover of claim 19, wherein said
nominal diameter at least 8 tmes preater than the dehvery
diameter.

23, The medical balloon cover of elaim 19, whwerein sud
nominal dumeier 15 at least 10 Umes presier than the
delivery, duameter.

24, The wmedical balloon cover of clmm 19, wheren the
expunded fluoropolyimer material comprises polvietralie-
rocthylene.

25. The medical balloon cover of claim 19, wherein he
expanded Huoropolymer maicrial comprises a microsiruc-
e of substantally only fibrils.

26. The medical bulloon cover of clmm 19, wheren thwe
expanded Huoropolymer maicrial comprises a microsiruc-
ture of substantially only serpentine fibrils.
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27. The medical balloon cover of clunm 19 wherein said
balloon cover comprises a plucality of layers, wherein a first
section of balloon cover has a higher number of layers than
a second seetion of the balloon cover.

28. The medical balloon cover of claim 19, wherein cach
suld serpentine ibril has o width ol about 1.0 micron or less.

249 The medical balloon cover of cluim 28, wherein cach
said serpentine {ibril has a widih of .5 micron or less.

3¢ The medical balloon cover of ¢laim 19, wherein the
balloon cover further comprises an clastomer that 1s selected
lrow the gronp consistng ol periluoromethyivinyl ether-
etraflnerocthylene copolyiers. periluoro{ulky] viny] cther)-
etraflnerocthylene copolymers. silicones. polyurethunes. or
other hgh stram clastomoers.

3. The medical balloon cover of claim 30, wherein
clastic properties are present i a direction parallel to the
longitndinal axis of the medical balloon cover.

32, The medical balloon cover of claim 3. wherein
clustic propertics are presemt in o rudial dirceton ol the
medical balloon.

33 The medical balloon cover of claim 30, wherein said
at least one expanded Huoropolymer matenal comprises a
plucality ol pores and said clastomer is present 10 at least ol
portion of suid pores.

34, The medical balloon cover of claim 30, wherein said
at least one expanded Huoropolymer matenal comprises a
plorality of pores and the clastomer that 1s sclected {rom the
group consisting ol perfluoromethlvinyl cther-tertraiinoro-
cthylene copolymers. perlluorofalikvl vinyl ether)-wetrailuo-
rocthvlene copolvmers. siliconws. polyurcthunes. or other
high strain clastomoers is presend in substantially all of said
pOres.



